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TRANSACTIONS

THE AMERICAN SOCIETY OF
‘MECHANICAL ENGINEERS

VoLuMme 41 — 1919

HIS volume contains an account of the activities of the Society

for 1919, and in it will be found papers and addresses given at
the Spring Meeting, held in Detroit, and the Annual Meeting, held
in New York, with the discussions thereon.

In selecting the material published, the intention has been to
include all papers having permanent reference value. For this reason
condensed accounts are given of much discussion on papers covering
the less technical subjects and reference is made to issues of
MEecHANICAL ENGINEERING in which the subject matter may be
found in a more complete form.

MORTIMER ELWYN COOLEY

MorTtiMER CooLEY, born March 28, 1855, was the fifth member
of a family of eight children, all reared on a farm in Canandaigua
Township, Ontario County, N.Y. He is of the ninth generation of
Cooleys in this country. Benjamin, the first of the name, came from
England and settled in Springfield, Mass., in 1642, where for many
years he was a selectman. Benjamin was an ensign in the Hamp-
shire Regiment commanded by Major John Pynchon in the King
Philip War. He was a weaver by trade and lived not far from Mill
River. The Barney and Berry skate factory, overlooking the Con-
necticut River, is located on the rear end of the old Cooley home-
stead. Later, a dozen or more Cooleys owned homes in Longmeadow,
four or five miles south of Springfield on the other side of Mill River.
As the tribe multiplied some of them moved to Granville, Mass.,
a beautiful and picturesque locality at the south end of the Green

1
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Mountair;a."-.,’l‘he fourth generation was living in Granville prior
to the.-Reyolutionary War. Mortimer Cooley’s great-grandfather
John whe'a cattle drover. His trips took him west as far as Ohio.
.C.a.ns.pdaigua, N.Y., must have appealed to him strongly as it did

_..“fo;a’number of others who came there from Granville. John took
., 2ip his home there soon after 1790.

To “grow up” on a farm is a great heritage. One learns how to
““do the chores,” and thus to take a man’s real place in human society.
Such book learning as one got was in the district schools, supplemented,
it might be, by a year or two in the fine old academies of those days.
Seldom did a farmer’s son have the opportunity to go to college.
He must indeed have been ambitious and persistent to get beyond
the academy, and relatively few got even that far. Mortimer
Cooley spent three terms in the old Canandaigua Academy. He
boarded himself two winter terms and walked from his home three
and one-half miles away one spring term “doing the chores’” morn-
ing and evening. That and taking care of the garden Saturdays
were the conditions which secured for him the unusual privilege of
being excused from regular farm work. For two winters he taught
district school and in that way earned the money needed to pay his
expenses at the Academy and to finance his next step towards an
education.

It was in the summer of 1874 that Mortimer Cooley was able
to realize the ambition of his life for a career on the high seas. The
four-year course for cadet engineers had just been established at the
U.S. Naval Academy and appointments were open to competition.
Of some seventy candidates who tried the examination twenty-five
were appointed. Mortimer Cooley passed seventh and four years
later was graduated seventh in a class of fourteen. He took an ac-
tive part in athletics, was captain of his class crew, and stood high
with the foil and broad sword. There were no varsity teams in those
days.

On graduating from the Naval Academy, Cadet Engineer Cooley
was assigned to the U.S.S. Quinnebaug, which sailed in the fall of
1878 to the Mediterranean. He returned on the U.S.S. Alliance a
year later and on Christmas day 1879 was married to Carolyn Eliza-
beth Moseley of Fairport, N.Y. The Alliance, after being over-
hauled at the Norfolk Navy Yard, cruised on the North Atlantic
Station from Newfoundland to the West Indies. While the ship
was at Port Royal, S.C. a telegram came to Cadet Engineer Cooley
announcing the arrival of his first-born. She being the first child



SOCIETY AFFAIRS 3

of the class, his classmates took upon themselves the responsibility
of naming her with appropriate naval ceremonies. She was duly
christened Alliance in the ship’s honor and if the tales of rear ad-
mirals of today who were cadets in those days are to be believed the
occasion was a notable one in the annals of the Navy.

Cadet Engineer Cooley was forthwith detached and ordered
home for a few weeks, then to the Bureau of Steam Engineering
at the Navy Department. In June 1881 he was examined and
promoted to Assistant Engineer and in August was ordered to the
University of Michigan to teach steam engineering and iron ship-
building. At the end of three years on request of the Regents his
detail was continued a fourth year. Being then detached and
ordered to the Pacific Station, the Regents conferred on Assistant
Engineer Cooley the honorary degree of Mechanical Engineer and
invited him to resign and accept the chair of Mechanical Engineer-
ing. This he did, his resignation taking effect December 31, 1885.
It was with a great deal of regret that he resigned as he was in love
with the Service. There was at the time no prospect for any great
increase in the naval force, and it seemed to him the opportunity
for real work afforded him at the University ought not to be declined.

Professor Cooley has given his entire life since he was twenty-
six years of age to university work — thirty-eight years up to now.
He has been Dean for fifteen years, having been appointed in Febru-
ary 1904. The Michigan Agricultural College conferred on him the
degree of LL.D. in 1907, and the University of Nebraska the degree
of Eng.D. in 1911. "When he came to the University there were
but sixty or seventy engineering students out of a total of about
1300 in the University, and the entire technical work in engineering
was done in seven rooms at the south end of the main university
building. The first engineering laboratory was built the winter
after he came. It was a two-story brick veneer building 24 x 36 ft.
costing $1500 and the equipment $1000. In it Professor Cooley
himself taught forging, pattern making, and machine shop practice.
It was styled by his colleagues ‘“the scientific blacksmith shop.”
It was the beginning of an effort, now altogether general, to give to
engineering students while in college some practical knowledge of
the materials and processes used in the execution of engineering
projects.

But Professor Cooley could not wean himself altogether from
the naval service. He was from 1895 to 1911 the Chief Engineer
officer of the Michigan State Naval Brigade and is now a retired
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officer in the Brigade. In 1898 he returned to the Navy as Chief
Engineer during the Spanish War. He was attached to the U.S.S.
Yosemite and later to the League Island Navy Yard, his period of
service being altogether about ten months. His honorable dis-
charge was handed him by the commandant of the navy yard with
words of commendation for his efficient work.

While on blockade duty off San Juan, P.R., the Yosemile engaged
in a five-hour battle with the Spanish forts, gunboats and torpedo
boats following the interception of the Antonio Lopez, a Spanish
cruiser loaded with munitions, putting into the harbor. During
the blockade a serious fire broke out in the coal bunkers of the Yose-
mite which for a time threatened serious consequences. The fire
was deep down and could not be reached. Chief Engineer Cooley,
recalling the method of sinking piles on western rivers by means of
a water pipe attached to the pile, had a hose and nozzle triced to a
long slice bar with which, under fire pressure from the pumps, the
fires were successfully quenched. The slice bar could be shoved
down into the coal like a knife into soft butter.

Following his return to the University in 1899 Professor Cooley
was invited by the Citizens’ Committee of Detroit, of which Gover-
nor Pingree was Chairman, to appraise the power plants, rolling
stock and stores and supplies of the Detroit street railways, which
the city was contemplating purchasing. It was a hurry job and was
done in a hurry. The appointment was made on Friday, the staff
was organized Saturday and the report submitted the following
Saturday covering $2,000,000 of property. The following year,
1900, at the request of Governor Pingree, the Board of State Tax
Commissioners, and the Board of State Auditors, Professor Cooley
undertook to appraise the specific tax-paying properties of the State
of Michigan which included the steam railroads, the telegraphs, the
telephones, the plank roads and the river improvements. This was
late in August. The field work was completed in ninety days and
the results submitted at the end of December in time for the incoming
legislature. The work involved the inspection of 10,000 miles of
track, thirty-odd thousands of the freight cars, all the passenger
and special equipments, all the locomotives, telegraph, and tele-
phone lines, in short everything involved in the different kinds of
properties. Some 150 men were employed. The total of the ap-
praisal was about $240,000,000 and the cost less than $75,000.

As a result of this work the legislature enacted laws placing the
railroads on an ad valorem tax basis which increased their taxes
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threefold and more. -When the assessment was made under the new
law in 1903 the railroads brought suit to enjoin their collection of
taxes. This made necessary another appraisal as of the date of the
assessment in which the value found for the railroads was $240,000,000
an increase of $40,000,000 due largely to using 1903 prices for labor
and materials instead of the average from 1890 to 1900. The case
was carried to the U.S. Supreme Court and being finally decided in
favor of the state, brought into the state treasury twelve or fifteen
millions in back taxes.

Michigan’s pioneer work in valuation of large public utility prop-
erties was soon followed by other states. First among them was
Wisconsin in a valuation of her steam railroads. Substantially the
same methods were employed as in Michigan. Professor Cooley
was consulting engineer.

In the twenty years which have elapsed since that first appraisal
in Detroit, Professor Cooley has had charge of many hundreds of
appraisals in various states and municipalities, in most of them em-
ployed by the public. In all of them he has stood consistently for
correct results regardless of employer, “hewing to the line letting the
chips fall where they may.” In the aggregate the value of property
appraised under his direction lies somewhere between one and one-
quarter and one and one-half billion dollars.

Nor has Professor Cooley neglected opportunities to serve in
other capacities. He was for a time chairman of the Board of Fire
Commissioners, and President of the Common Council in Ann Arbor
in 1890-1891. He served on the Board of Awards for the World’s
Fair in Chicago in 1893, and for the Pan-American Exposition in
Buffalo. He has for twenty-five years served as mechanical expert
in patent causes, and testified many times on mechanical matters
before juries and commissions. He was for five years (1907-12)
chairman of the Block Signal and Train Control Board of the In-
terstate Commerce Commission.

Professor Cooley is a Fellow of the American Association for the
Advancement of Science, member, since 1884, of The American
Society of Mechanical Engineers, American Society of Civil Engineers,
American Institute of Consulting Engineers, Franklin Institute,
Society for the Promotion of Engineering Education, Society of
Naval Engineers, Michigan Engineering Society, Detroit Engineer-
ing Society, Sigma Phi, Tau Beta Pi, Sigma Xi, the Army and Navy
Clubs in Washington and in New York, the Detroit Club and the
Yondotega Club in Detroit.
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Professor and Mrs. Cooley have four children, three daughters
and one son. All are married and seven grand children now keep
them from growing too old. The son is a Commander in the United
States Navy.

Thus has Mortimer Cooley established his record of unusual
accomplishment and honest devotion to his democratic ideals. And
he is still “doing the chores.”



ANNUAL REPORT OF THE COUNCIL

In his annual address! President Cooley has reviewed the or-
ganization of the Council and Committees and much of the work
which has passed through these channels during the year 1919.
This annual report of the Council therefore supplements the Presi-
dent’s address by giving the more statistical record of actions taken
by the Council as the body administrating the Society’s affairs.

COMMITTEES

Under a revision of the Constitution C45, which was put into
effect this year, changes in the grouping of the standing and special
committees of the Society have been made and further changes are
pending, all leading towards an ultimate grouping of all committees
into administrative, professional and non-professional, with each
group having two classes, standing and special.

The work of adjusting the membership of the committees dur-
ing the year, to have as equable as possible distribution of their
membership among qualified men all over the country, has been a
matter of serious consideration by the President and has finally led
to the appointment of a special committee of the Council, the Com-
mittee on Committees, to report on all committee activities. Con-
tinuous membership on certain types of committees will be dis-
couraged in the future, but a sufficient number of experienced and
active members of such committees will be continued to secure con-
tinuity of policy. It is believed that the adoption of these policies
will greatly stimulate the committee work.

COMMITTEES — NUMBER AND SUBJECTS

A review of the pages at the beginning of the volume will show
the large number of committees having in charge the many activi-
ties of the Society.

1 Transactions, 1919, No. 1710.
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COMMITTEES OF ADMINISTRATION
AND STANDING COMMITTEES

These committees have made annual reports, as required by
the Constitution, which in complete form are on file in the records
of the Society and are summarized in the following:

Finance. The year 1919 has been a particularly difficult year
in the financing of the Society’s activities, due to increased costs
of all work. The expenditures of the Society per member for the
fiscal year October 1, 1918 to October 1, 1919 were $32.43, as against
$25.65 the preceding year. These expenditures were covered by
current income.

Invested Funds and Trust Funds. The present standing of the
invested funds of the Society is shown in the following table:

BALANCE SHEET
As or SerremsrEr 30, 1919

Assets
Society’s one quarter interest in Engi ing Society’s Building, Land and
Real Estate Equipment (25 to 33 West 39 Street)........... $486,792.79
LIDrary BooKS. . . ovvviiiiaieinraeeneneeaaencasssonncaseanssennnn $13,000.00
Furniture and Fixtures...... b et ie ettt it aaaiaenae 5,000.00
18,000.00
Stores, including plates and finished publications. . ................. ’ 290,307.11
Engineering Index. . ...ccciieienieieinereecatataniaseanesnnnanes . 10,000.00
Trust Fund Investment:
New York City 3} %, 1954 (par $45,000.00). ...........ccnvuenns $39,606.81
8t. L., Peoria, & N. W. 1st 5%, 1948 (par $10,000)............... 10,613.89
United New Jersey Canal Co., (par $1,000)................ e 970.00
Cash in Banks representing Trust Funds. ....................... 7.518.17
58,798.87
Liquid Asseta:
Liberty Bonds. .. ...vvvtiinieiinennneiiiiiiiniiiitraeniaaae 55,000.00
United Engineering Society .................ciiiiivinninnnns 10,000.00
Aoccounts Receivable:
Members DUeB. .....ovoitttinettntitntraaeittiieriaietanann 15,008.10
Initintion Fees. .......oiveiriiiienrtirnneriiienernnnneennnnns 14,712.50
Sales of Publications, Advertising, ete. ..............cc0nvnvannn 58,112.53
87,833.13
Advance Payments. ... .....cvvvniiininnnnnanneennanetnnnerennnns 4,573.98
Cash: In banks for general purposes. . . ............c0vneneennnnnnn 5,335.87
Petty Cash Fund..........c.oiiiiiiiiiinniiiiiiiiinnnnennnnn 1,500.00
7,035.87

$767,341.75
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Liabilities -
Trust Funds:
Life Membership Fund...........cooiiiiiiiiiiiiiiieninnnnns 46,102.81
Library Development Fund. . .........o0iiiiiiivinnnneenanenen 4,902.71
Week's Legacy Fund. . ....c..ovieeiinininnnnenenensnnneennnns 1,957.00
Melville Fund. .. ....c.oiiiiiiiiiiiiiiiiiiiiiinaetasannasanns 1,127.36
Hunt Memorial Fund..........ccooitiiiiiiiiiiiieeciiaansnnn 208.99
Juniors' and Students’ Prise Fund. .. .............ccicvinnnn., 2,000.00
C.T.Main Award Fund...........ooiiiiiiiiiiiniiinnnnennnn, 2,500.00
58,798.87
Dues paid in 8advance ...........cciiiiiienrerereenrseensneannnnann 2,241.06
Initiation Fees lected .. ... .coviuuiiiinnnrraniieeiinianienens 14,712.50
Replacement Fund. ........ et aae et cetta et e 1,163.18
Accounts Payable............. eeeaeas ... 5,244.12
Unappropriated Revenue. ....... . 30,392.46
Unexpended Appropriations-Excess. 6,527.48
23,864.98
Capital Investment. .. .....voiverernnenrinnrreenncreoannnnaaens $514,792.79
Surplus and Reserve. ........c.oveieniintiveeioctsecsinreieasanes 146,524.25
$661,317.04
$767,341.75

Meetings and Program. Under the Spring and Annual Meetings
of the Society is recorded the result of the work of the Meetings and
Program Committee, but between the lines must be apparent the
tremendous amount of preparation required to complete the pro-
grams of these meetings.

Notable sessions of the year were those on Industrial Relations,
and Research. The committee’s annual report points out that the
committee has long been under pressure from progressive members
of the Society to broaden the scope of the general meetings and
papers presented.

Standing sub-committees of the Meetings and Program Com-
mittee are being gradually reorganized into Special Committees
and now into Professional Sections reporting to the Council.

Publication and Papers. This committee has had a busy year
in plans for the enlargement of the monthly publication, MECHANICAL
ENGINEERING, and progress has been made in the face of many dis-
couragements in adverse conditions in the printing trade, and in-
creased costs of publication and materials.

Under this committee’s jurisdiction, there have also been issued
the annual TRANSACTIONS, now in its fortieth volume, the CONDENSED
CATALOGUES, ninth annual edition, THE ENGINEERING INDEX and
the YEAR Book.

CoNDENSED CATALOGUES increased nearly fifty per cent in size
over the preceding year, indicating progressive recognition of its
usefulness.
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The ENGINEERING INDEX ANNUAL, taken over from Indusirial
Managemeni in 1919, has been practically doubled in the number
of pages, and also in the number of copies issued.

The YEAR BooK has beén published in abbreviated form due to
conditions in the printing trade, but this coming year it is hoped
to return the book to its former scope.

Membership. The Society’s membership has increased during
the past year by 2182, and is now 11,882. The report of the Mem-~
bership Committee includes recommendations for 11 reinstatements,
and 63 promotions to higher grade. The committee has held twenty-
nine meetings and had under consideration nearly three thousand
applications.

The full table of activities for the year shows the following:

Recommended for membership. ....................... 2182
Deferred indefinitely. .........ccoviiiiiiiiniiiiannnn, 52
Deferred. ......ccovviiiiiiiiiiiiiiiiiiiieiiiiiiias 33
Denied promotion. .....ooveeeveierererensnanenceranne 22
In course of procedure ........... ... iiieiiiiaae, 635
Reinstatements. . . .......cciiieiiiniiitiiiiiiiians 11
Reconsiderations granted higher grades. ................ 63

2998

Honorary Membership has been conferred by the Council upon
Charles Alphonse Clement de la Poix de Freminville, of Paris, France,
for services rendered his country and the engineering world in the
practical development of transportation, and Auguste C. Rateau,
also of Paris, France, pioneer investigator in the field of the steam
turbine and turbo-compressor.

In Memoriam. The report of a special committee on War
Service and Members’ Memorial, Major Fred J. Miller, chairman,
was received at the Annual Meeting, and the Council records the
resolutions taken by rising vote at this meeting in memory of those
members who made the supreme sacrifice in the Great European War.

“ ResoLvED: That the Society hereby expresses its greatest apprecia-

tion and pride in the service of its members who gave their lives that
freedom might be preserved among the nations of the earth. ...”

COMMITTEE OF ADMINISTRATION AND STANDING
COMMITTEES

Local Secttons. The Local Sections of the Society now number
thirty-six. In the following cities where local section meetings
are regularly held, codperation with existing local engineering
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organizations has been developed: Atlanta, Baltimore, Birmingham,
Boston, Bridgeport, Buffalo, Chicago, Cincinnati, Cleveland, Denver,
Detroit, Erie, Hartford, Houston, Indianapolis, Los Angeles, Meriden,
Milwaukee, Minneapolis, New Haven, New Orleans, New York,
Philadelphia, Portland (Oregon), Richmond, Rochester, Saint Louis,
Saint Paul, San Francisco, Schenectady, Toronto, Troy, Tulsa
(Okla.) Washington, Waterbury.

The Secretary made three trips to the local sections during the
year, and visited practically every section. These visits, together
with the visits of the Committee on Local Sections, resulted in the
formation of new sections at Cleveland, Colorado, Eastern New
York, Houston, Tulsa (Mid-Continent Section) Rochester a.nd
Washington, D. C. '

In the Cleveland Section there has been installed a plan of
joint membership in our Society and in the Cleveland Engineering ,
Society.

The Local Sections Committee also hopes to carry out into
future meetings its coOperation in the professional programs of
meetings under the jurisdiction of the Meetings and Program Com-
mittee. This was done at Indianapolis this year.

Increase of Membership Committee work has this year been
placed in the hands of the Local Sections Committee. Great benefit
i8 derived from the local information concerning applicants for
membership. The inclusion of increase of membership work is ex-
pected to be especially successful.

Constitution and By-Laws. This committee acts as an advisory
committee, reporting on all matters referred to it by the Council
relating to the Constitution, and By-Laws and Rules, and harmon-
izes with the Constitution any new policies of the Society.

Suggested changes in the rules are being drafted by this
committee as the result of the recommendations of the special com-
mittee on Aims and Organization.

During the past year a notable change in policy has been
effected in providing that the ‘‘Nominating Committee shall be
elected annually by the voting membership of the Society.” By-
laws are now in effect which detail the manner of election.

Library. This Committee acts as the representative of the
Society on the Joint Library Board through which the five libraries
of the Founder Societies and United Engineering Society are ad-
ministered as one.

Increased use has been made of the Library Service Bureau.
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Recataloguing the joint libraries has been started; this is much
needed in order to make more quickly available the great source of
information in these individual collections.

Houss. The House Committee has given much time to the
rearrangement and redecorating of the rooms of the Society. Part
of the necessity for this was for suitable installation of the Memorial
tablet to Frederick Remsen Hutton, prepared under the direction
of a special committee, Past-Presidents Ambrose Swasey and Jesse
M. Smith and Wm. H. Wiley, Treasurer. The foyer hall has a
small committee room as a result of the remodeling and a more
harmonious scheme of arrangement and decoration has resulted.

Research. This year the Research Committee, led by Arthur
M. Greene, Jr., as chairman, has been able to carry out some of the
ambitions which the committee has had for several years.

A reading of the complete report of this committee brings out
many interesting features of the work.

Sub-Commiitee Reports have been presented in the following
fields — Bearing Metals, Lubrication and Fluid Meters. A Heat
Transfer Committee has been organized and started work which
will take several years. The Research Committee had charge of
one session of the Spring Meeting in Detroit.

On one of the trips of the Secretary to Local Sections, the chair-
man of the committee accompanied the Secretary and as a result
sectional research committees have been established in several
centers. Manufacturers having research laboratories have expressed
their cordial interest and desire to codperate with the committee;
also educational institutions having engineering experiment stations.

Through the Research Section of Mechanical Engineering the
Research Committee has contributed data covering, research results,
research progress and problems, research equipment, personnel and
bibliographies. The Council, when asked to appoint representatives on
the Engineering Division of the National Research Council, appointed
men from the Research Committee of the Society in order that the
work of this committee might tie in with the work of the national
organization under the United States Government. Professor
Greene, Chairman, was this year’s appointee.

Standardizaiion. This Committee has been most active, in
codperation with the American Engineering Standards Committee,
which latter has within its organization a membership representa-
tive of the Civil, Mining, Electrical, Mechanical Engineers and
A.S.T.M. The work of this joint organization is reported later.
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PROFESSIONAL AND SPECIAL COMMITTEES

A scrutiny of the list of committees will show the great number
of professional and special committees and the vast field they cover.
All have contributed splendid work in their various lines. Since,
however, the purpose of this report is to outline only final and com-
pleted results, all the committees may not receive special mention.
These committees included some war measure committees and with
the coming of peace have been ‘ mustered out,” or in some instances
their research work continued through other channels.

Professional Commatlees. Most important in the life of a pro-
fessional society is the work of its technical committees. The
Mechanical Engineers may be well proud of the splendid work being
done by its professional committees at great expense of time and
personal sacrifice on the part of the many members, each chosen to
membership in a committee because of his special experience in the
field covered. The completed work of these professional com-
mittees is permanently recorded in Transacrions and becomes in
many cases Standard Practice. Notable progress has been made
by the Boiler Code Committee and the Power Test Codes Committee,
the latter with its nineteen individual committees.

Some further mention is made of these committees in the Joint
Activities under Standardization.

Aims and Orgawnization Committee. This committee appointed
in 1918 has completed its report which has been separately printed
and widely discussed through all the committees, local centers and
at two of the general meetings of the Society. Similar committees
of the other Founder Societies have, through specially designated
representatives of their main committees, combined in a Joint Con-
ference Committee, to secure the benefit of “united action of the
engineering and allied technical professions in matters of common
interest to them.”

Drawing their conclusions regarding the final action from the
two general discussions by the members of the recommendations
of the report and from the sympathetic attitude of the Council
regarding the recommendations, the Standing Committees of the
Society have not been slow to sense the spirit behind this move-
ment and have had the policies recommended under discussion for
many months with the result that the final action turning the recom-
mendations over to them, finds them ready to proceed.

Awards and Relations with Colleges. In his address the Presi-
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dent has covered quite completely a review of the plans of the Coun-
cil to inaugurate closer and more helpful policies with the student-
engineer and the young engineer as represented in the Junior and
Student Member; President Cooley also covered quite thoroughly
the question of awards and prizes for contributions to mechanical
engineering, either of a practical nature or in literature. The Charles
T. Main Award was established this year, from a fund of $2500
partly contributed by Past-President Main.

SPRING AND ANNUAL MEETINGS

In the conduct of the two general meetings this year the Meet-
ings and Program Committee has been assisted by the Committee
on Local Sections and the local committees and by the Research
Committee.

The Spring Meeting was held in Detroit, and a full account of
the meeting has been published in the July issue of MEcHANICAL
ENGINEERING. The keynote session on Industrial Relations was so
successful that the committee was asked to continue this session at
the Annual Meeting. Another strong session of the Spring Meeting
was one on Research, under the auspices of the Research Committee.

The Annual Meeting showed the best attendance of any meet-
ing of the Society, the total number registered being 2116. There
were sessions on Appraisal and Valuation, Gas Power, Industrial
Relations, Machine Design, Power Machinery, Textiles, and Ma-
chine Shop. The first of these was a joint session with the American
Society of Refrigerating Engineers, and was followed by a request
to have a session on this subject at the Spring Meeting in St. Louis.

REPRESENTATION

Honorary Vice-Presidents were appointed to represent the
Society at various functions throughout the year, such as conferring
Honorary Degrees on M. Eugene Schneider by the Stevens Insti-
tute of Technology, the Annual Meeting of the Engineering Insti-
tute of Canada, the National Rivers and Harbors Congress, the
Society for the Promotion of Engineering Education, the Promo-
tion of Vocational Education, and the James Watt Centenary in
Bingham, England.

PROFESSIONAL SECTIONS

An amendment to the Constitution is before the Society to

create a Standing Committee on Professional Sections. Pending
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action on this amendment the Council has approved the policy of
inaugurating professional sections and has authorized a special
committee to report on various aspects of such an organization,
— as local work, finances, meetings, etc. The new policy is in line
with recommendations of the Committee on Aims and Organization
and is intended to provide for those groups of men in the Society
who are interested in a particular subject, and so sub-divide the
membership professionally in the same way that the Local Sections
groups provide a geopraphical sub-division.

STUDENT BRANCHES

There are 49 Student Branches. One of the features of the
Annual Meeting on December 3, 1919 was the holding of a student
branch conference and Dr. Hollis, Chairman of the Committee on
Relations with Colleges presided. The plans for the Student
‘Branches have been fully approved by the Council as outlined in
the report of the Committee on Awards and Relations with Col-
leges submitted at the Spring Meeting in Detroit, and published
in the October issue of MEcHANICAL ENGINEERING.

JOINT ACTIVITIES

Certain joint activities of the Founder Societies, — Civil,
* Mining, Mechanical, Electrical engineering societies — are com-
bined under United Engineering Society, the holding corporation
for the property of the Engineering Societies Building and the ad-
ministrative organization for the funds of Engineering Foundation,
Engineering Societies Library, and Engineering Council.

Engineering Foundation. The Engineering Foundation, founded
in November 1914 by a gift from Mr. Ambrose Swasey, Past-Presi-
dent and Honorary Member of this Society, for the furtherance of
research in sciences and engineering or for the advancement in
other manner of the profession of engineering and the good of man-
kind, has found its principal activity in cooperation with the Na-
tional Research Council. In October, Engineering Foundation
~ issued a progress report and copies of this pamphlet are on file
in the Secretary’s office.

Research Council. During the past year the National Research
Council has been reorganized on a “peace basis.” The American
Society of Mechanical Engineers, three representatives on the Engi-
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neering Division, are W. F. M. Goss, D. S. Jacobus, and A. M-
Greene, Jr. :

Dr. Henry M. Howe resigned in August, and Professor Comfort
A. Adams, formerly Dean of Harvard Engineering School and past-
President of the American Institute of Electrical Engineers has been
appointed Chairman of the Engineering Division of Research Council.

Engineering Socteties Library. The Library of the United En-
gineering Society and of the Founder Societies, is administered by
a Library Board, consisting of four representatives from each of the
Founder Societies, together with the Secretary of each Society, and
the Director of the Library, ex officio member. A most complete
annual report has been presented by the Board of Trustees for 1919,
showing increased use of the Library of 46 per cent over 1918. Over
125,000 volumes on engineering, chemistry and metallurgy, and
1100 current periodicals are accessible to readers. Recataloging
the combined libraries has been one of the growing needs and a
comprehensive plan has been laid out and started this year.

Engineering Council. Engineering Council was created in
June 1917 to provide a source for consideration of matters of com-
mon interest and concern to engineers, and matters of public wel-
fare, in which a combined action of the societies would give added
strength. Some of the subjects considered and results which En-
gineering Council has assisted to bring about are: Naval Consulting
Board and Army General Staff, examination of 135,000 suggestions
and inventions for war devices, fuel conservation, assistance to Fuel -
Administrator and Bureau of Mines, exemption of engineer students
from military service until completion of technical training, assisted
in organizing National Federation of Construction Industries, and a
National Service Committee, giving a varied service to engineers,
especially in supplying information concerning congressional and
departmental activities.

The Engineering Council assembled in Chicago in April 1919,
a conference of 74 technical organizations. This conference, per-
manently organized, drafted the Jones-Reavis Bill, and is advocating
its passage for the establishment of a National Department of Public
Works, to head up all the engineering activities of the Government
under the Secretary of the Interior.

It entered into conferences with fourteen Government offices
engaged in map-making, with an appeal to the President, to accele-
rate completion of the topographical map of the United States;
also for increases of pay for railway technical engineers.
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Committee on Classification and Compensation of Engineers,
with sections on Railroads, Federal Governments and Municipal
and State governments, is getting results. Engineering Council is
working with Congressional joint Commission on Reclassification
of Salaries, and has joined with National Research Council in a
report on improvement of the patent system and practice, on which
legislation has been based.!

These examples are but a few of the complete list published
in the annual report of the work of Engineering Council.

United Engineering Soctety. The United Engineering Society
has made a report for the year, copy of which is on file in the Secre-
tary’s office. A total of 63,055 engineers now have headquarters
in the Engineering Societies Building.

Mr. Andrew Carnegie, honorary member of this Society, died
during the year. To the United Engineering Society and the
Engineers’ Club he made a gift of $1,600,000. More than his gifts,
was the encouragement he gave the organization in important under-
takings and to him in a large measure is due the success which the
Society itself and the project of the Founder Societies in which it
participates now enjoy.

At the expiration this year of the term of office, Charles F.
Rand refused to serve again as President of the United Engineering
Society, and C. Vipond Davies was elected President. The Society
presented engrossed resolutions to Mr. Rand for his many years of
devoted service.

Employment Bureau. The Founder Societies established in
1919 a Joint Employment Bureau, under the direction of the four
secretaries. This Bureau had done a most active work and has
been one of the patriotic contributions of the Founder Societies to
the reconstruction work in placing the employment facilities of the
societies at the disposal of returned soldiers.

The Bureau furnished the Government 4000 names of engineers
for war service.

Since the Armistice, it has registered 5000 engineers and assist-
ants (mostly returned soldiers and sailors) and aided thousands
of them to positions, at no cost to the individuals, but at an expense
of more than $15,000 to Council’s member societies.

Standardization. In the work of standardization the Society’s
codperation with other organizations has been greatly advanced.

1 At the time of going to press the legislation known as the Nolan Bill has
passed the House. — SECRETARY.
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The American Engineering Standards Commitlee was formed in 1918
with a desire to bring into existence an organization similar to the
British Engineering Standards Association and cooperate in the
organization and control of engineering and industrial standards
in the United States.

Anglo-American Standardization has been brought into active
thought of the day, the Secretary of the British Association visiting
the United States, and in one of the statements covering his mis-
sion said ‘It seems to me with so much talk of fierce trade compe-
tition between America and England, everything ought to be done
to turn that harmful idea into Anglo-American codperation rather
than trade rivalry. The world is surely large enough for the great
Anglo-Saxon producing countries to find ample scope for their prod-
ucts without in any way endangering their bonds of friendship,
drawn so closely by their great defense of Right.”

Permanent Franco-American Engineering Commatlee. It will
be recalled that Charles T. Main as President in 1918 formed one of
a delegation of representatives from the Founder Societies to the
French Engineering Congress in Paris. Out of this has grown what
is known as the Permanent Franco-American Engineering Com-
mittee, which is a joint committee with the other Founder Societies
to assist the Government of France and all organizations of France
desiring information.
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MEETINGS JANUARY-JUNE
MEETINGS OF SECTIONS

NINETY—FOUR meetings were held by the twenty-four or-

ganized Sections of the Society and the Providence Engineering
Society, an affiliated body, during the first six months of the year.
Seventeen of these meetings were arranged jointly with one or more
local technical organizations or branches of other engineering so-
cieties. A number of the papers of more general interents were pub-
lished in MECHANICAL ENGINEERING during 1919.

ATLANTA

February 1: A dinner in honor of Secretary Calvin W. Rice at
the Druid Hills Golf Club. In the afternoon, Secretary Rice ad-
dressed the students at George School of Technology.

March 21: Joint meeting with Birmington and New Orleans
Sections. In the morning an inspection trip to the Fulton Bag and
Cotton Mills.- In the evening an address by N. C. Harrison on
Powdered Fuel.

April 24: Address on Materials for High-Pressure Steam-Pipe
Work, Wm. J. Neville.,

BALTIMORE

January 27: Address by Secretary Calvin W. Rice.
April 29: Papers on Oil Engines, by Leon Wygodsky, and on
Boiler Explosions, by R. E. Munro.

BIRMINGHAM

January 23: Addresses by J. R. McWane and Oscar Wells on
labor and finance. Abstract of Past-President Main’s President’s Ad-
dress, Broader Opportunities for the Engineer, read by J. J. Greggan.

February 3: Addresses by R. W. McWane on Efficiency Work
in the Emergency Fleet Corporation, by Col. T. O. Smith on Finance,
and by Secretary Calvin W. Rice.

April 13: Address on Steel Specifications, O. U. Cook.

May 23: Informal banquet.
19
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BOSTON

January 31: Address by Past-President Main on experiences
in France. Abstract published in MECHANICAL ENGINEERING.

March 13: Address by H. W. Rowley on Final Disposition of
City Wastes. :

April 2: Tenth Annual Engineers’ Dinner. Addresses by
George H. Moses on A League of Nations, by Prof. George Fillmore
Swain on Reflections Suggested from a Recent Trip to France and
by Richard H. Rice.

May 21: Joint meeting with Boston Society of Civil Engineers.
Report on the Chicago Public Service Committee, by Mr. Metcalf.

June 27: Outing at Villa Napoli, Nantasket, Mass., with
A.LE.E., Boston Society of Civil Engineers, Engineering Society
of Western Mass., Providence Engineering Society and Worcester
Section.

BUFFALO

January 29: Address by Nathan L. Lieberman, on Horsepower
Requirements of Aeroplanes and Power Consumption through
Parasite Resistance.

April 2: With the Engineering Society of Buffalo; illustrated
address by E. S. Collins on Industrial Applications of Electric Fur-
naces. The meeting was preceded by a dinner.

CHICAGO

January 13: Informal get-together meeting and dinner in
honor of Secretary Calvin W. Rice.

January 27: Address on Sugar Manufacturing, by M. J. Kermer.

April 21: With Western Society of Enginecers. Papers on the
Triplex Process of Making Steel, by Robert J. Young, shown by
motion pictures, and on Fatiguc of Metals, by Herbert F. Moore,
illustrated with motion pictures and lantern slides.

May 29: Ladies’ night. Paper on Stress and Strain, by William
S. Sadler.

September 30: Address by Mr. Whitten, Chairman, Zoning
Committee, Cleveland, O., on City Zoning as It Pertains to the
Requirements for Residential and Manufacturing Districts.
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CINCINNATI

February 1: Address by Mayor John Galvin on Financial
Problems of Cincinnati and by Bert L. Baldwin on Conditions of
Light-Railways Service in France.

February 17: Informal address by Secretary Calvin W. Rice.

March 20: Joint meeting with the Engineers’ Club. Address
by Chas. H. Fox on The Evolution of the Fire Engine.

March 25: Business meeting.

May 15. Tllustrated address by Ernest F. DuBrul on Trade with
South America. ‘

CLEVELAND

February 4: All-day convention. Addresses in the morning
by H. E. Simmons on Rubber and Its Manufacture and by G. W.
Shem on Electric Travelling Crane Development (illustrated). The
luncheon was followed by an address by J. R. McQuigg on Expe-
riences of Engineers in France. An inspection trip to the National
Acme Manufacturing Company’s plant occupied the afternoon,
after which a dinner was held. C. A. Otis and Colonel G. M. Barnes
gave an account of how the big guns were developed.

June 10: Joint meeting with Cleveland Engineering Society.
Morning address, Open-Hearth Charging Machine, by S. T. Well-
man and I. D. Thomas. Luncheon aboard steamship City of Buffalo,
followed by a trip to the American Ship Building Plant, Lorain, and
a talk by J. C. Workman.

CONNECTICUT
Bridgeport Branch
June 26: With local membersof A.S.C.E,A.L E.E,,S.A. E.
and A. C. S. Paper on Mechanical Apparatus in the Treatment

of the Wounded, by H. W. G. Thompson; paper on Investigation
of Case Carburizing and Case Hardening, by Mr. Boeghold.

Hartford Branch

May 12: With American Chemical Society. Inspection trip
to Hartford Rubber Works and to Laboratories of Henry Souther
Engineering Co. Illustrated lecture on Rubber, by Theodore
Whittlesey.

June 5: Address by Hiram Percy Maxim on Sound.
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Meriden Branch

February 28: With Meriden Manufacturers’ Association. Ad-
dress by John C. Spence on The Training Department After the War.

Addresses by Charles T. Clayton and H. C. Miles.

April 28: Address by Joseph F. Keller on The Machine Making
of Dies.

May 20: Address by George H. Thacher on The Hand Stoker,
What It Is and What It Does.

June 6: Informal meeting and dinner.

New Haven Branch

January 8: Address by Douglas K. Warner on The Friction
of Ball Bearings.

January 31: With Yale Mechanical Engineers’ Club. -Ad-
dress by G. Douglas Wardrop on War Aviation in Retrospect; Com-
mercial Aviation in Prospect.

March 7: With Yale Mechanical Engineers’ Club. Address
by D. C. Buell on Long-Range Navy Guns with Railway Mount.

March 19: Address by President M. E. Cooley.

May 27: Address by Harry Gordon Hayes on Labor Problems.

Waterbury Branch

January 6: Address by R. A. Cairns on Waterbury’s Water
Supply. '

April 8: Solution of Factory Waste Problems. Professor New-
lands and others spoke.

DETROIT

. January 11: Informal dinner to President M. E. Cooley and
Secretary Calvin W. Rice. Address by President Cooley on An
Unoccupied Rung in the Engineer’s Ladder of Fame, and by Secre-
tary Rice on Broader Opportunities for the Engineer.

April 4: Joint meeting with Detroit Engineering Society. Ad-
dress by William B. Stout on Commercialization of Air Craft.

ERIE
February 19: Informal address by Secretary Calvin W. Rice.
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INDIANAPOLIS
January 15;: Informal reception to Secretary Calvin W. Rice.

LOS ANGELES

March 13: Addresses by Secretary Calvin W. Rice and George
G. Anderson, Chairman of the Local Society of the A. 8. C.-E. Ad-
dress by Professor Ford on Behavior of Steels under Test.

April 16: Address by F. Hornberger on The Manufacture of
Gas from Crude Petroleum.

MID-CONTINENT

February 5: Meeting of organization resulting in petition to
Council for the establishment of the Mid-Continent Section with
headquarters at Tusla, Oklahoma. Secretary Calvin W. Rice ad-
dressed the meeting.

May 23: All-day meeting; business meeting in the morning.
Inspection of airplanes in the afternoon. Address by Dean J. H.
Felgar on What Should Be the Content of a Course of Instruction
Designed to Fit a Man to Become a Petroleum Engineer; (a) From
the Production Standpoint; (b) From the Refining Standpoint.
Other addresses by George Tayman on Volumetric and Mechanical
Efficiency of Gas Compressors with Varying Combinations of Pres-
sure and Vacuum, and by C. E. Pearce on Graphic Methods and
Charts for Design of Steam Boilers and Other High-Pressure Vessels.
Following an informal dinner addresses were given by O. J. Berand
on Appraisement and Valuation of Oil and Casing-Head Properties;
by P. F. Walker on Industrial and Manufacturing Possibilities in
the Mid-Continent Section; by Paul Bateman on Tank-Car Main-
tenance; and by W. S. Smith on Effects of Compressed Air or Gas
on Petroleum Oil Production.

MILWAUKEE

January 15: Address by Henry L. Dale on Engineering Ex-
periences at the Front.

February 13: Address by Secretary Calvin W. Rice.

Apridl 16: Joint meeting with the Engineers’ Society of Mil-
waukee, Milwaukee sections of all National Engineering Societies
and the Aero Club of Wisconsin. Illustrated address by George R.
Lawrence on Flying, Today and Tomorrow.
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May 21: With Engineers’ Society of Milwaukee. Address by
Arnold Pfau on a Trip to Japan.

MINNESOTA

February 10: Dinner to Secretary Calvin W. Rice hy the Minne-
apolis Steel & Machinery Co. Addresses by Secretary Rice, John R.
Allen, Max Tolz and James L. Record. ‘

March 4: Address by W. H. Adams on The Manufacture of
Beet Sugar. -

April 7: Regular monthly meeting.

NEW ORLEANS

April 14: Address by W. B. Gregory on Pumping Machinery.
Used by the American Army in France.

NEW YORK

January 14: Address by L. C. Marburg on Aims and Organiza-
tion; by Edwin J. Prindle on The Patent Situation in the United
States; and by W. W. Macon, H. L. Aldrich and A. J. Baldwin on
their experiences abroad on a trip of inspection of the battlefields
of Europe.

February 10: Joint meeting with Founder Societies. Delegates
to Joint Engineering Congress spoke on the work of Congress and
conditions in France.

February 24: Address by Peter P. Dean on the Application of
Electrical Control of Gate Valves, buffet supper served, followed by
an address on the Application to Industry of the Personnel Work in
the U. S. Army, by Lt.-Col. J. J. Swan. At the close of this
address, motion pictures of animated technical drawings for com-
mercial and scientific use, showing electrical starting and lighting
systems, the Burroughs adding machine, etc., were shown.

March 26: Engineers’ Symposium under the general auspices
of the Local Sections of the American Institute of Mining and Metal-
lurgical Engineers, American Society of Mechanical Engineers, and
the Society of Automotive Engineers, and in which the members
of the American Institute of Electrical Engineers, American Society
of Civil Engineers, American Chemical Society, American Electro-
chemical Society, American Institute of Chemical Engineers, Amer-
can Society of Heating and Ventilating Engineers, American Society
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of Refrigerating Engineers, Brooklyn Engineers’ Club, Illuminating
Engineering Society, Institute of Radio Engineers, Municipal En-
gineers of ‘the City of New York, Société de Chimie Industrielle,
Society of Chemical Industry, and the Society of Naval Architects
and Marine Engineers were invited to participate.

The general title of the meeting was The Engineer as a Citizen.
Gano Dunn, President of the J. G. White Engineering Corporation,
presided, and the following addresses were delivered. The Civie
Responsibility of the Engineer, by Philip N. Moore; The Relation
of the Engineer to Legislation, by Calvert Townley of the Westing-
house Elec. & Mfg. Company; The Relation of the Engineer to Ad-
ministration, by Nelson P. Lewis of the Public Service Commission;
The Relation of the Engineer to Public Opinion, by Spencer Miller
of the Lidgewood Mfg. Company, and The Relation of the Engineer
to Production and Distribution, by Comfort A. Adams, President of
the A.I. E. E.

April 9: Joint meeting with the Metropolitan Section of the’
Society of Automotive Engineers in a Symposium on the Heavy
Oil Engine.

May 28: Addresses by John M. Goodwin on The Five-Color
System of Camouflage and by Frederick Meron on The Layout and
Equipment of Factories (illustrated).

June 10: General discussion of report of Committee on Aims
and Organization.

ONTARIO

May 16: Discussion on the Metric System: Pro: E. F. Burton
and W. Percy Dobson; Con: Chester B. Hamilton and Ernest V.
Pannell.

PHILADELPHIA

January 28: Address by William B. Dickson on Relations
between Employer and Employee.

February 19: Out-of-town meeting at Wilmington, Delaware.
Address by F. A. Wardenburg on Power Development of the Old
Hickory Plant.

February 25: Address by E. B. Morden on The Work of the
Construction Division of the Army from Coast to Coast.

March 25: Address by Joseph A. Steinmetz on the question
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Commiittee began on Monday afternoon and was continued on
Tuesday and Wednesday. The largely attended Research Session,
lasting all day, showed the awakening interest of engineers in con-
ditions resulting from the war and an appreciation by them of the
need for research work in the development of American industries.
A session on Industrial Relations, in which the human side of in-
dustrial management was developed, evoked so much enthusiasm
that a resolution was passed at its conclusion calling for a continua-
tion of the discussion at the Annual Meeting. The discussion of
the papers on pulverized fuel on Thursday morning also drew a large
attendance.

In accordance with the policy of the Meetings and Programs
Committee to secure papers characteristic of the engineering work
done in the part of the country where the meeting is held, a Sections
Session was arranged for Wednesday morning with papers contrib-
uted by the Society’s sections of the Mid-West.

On Monday evening the I.ocal Committee arranged an in-
formal reception in the ballroom of the hotel, with a brief address
of welcome by Mayor James Couzens, to which President Cooley
replied. The reception was followed by dancing. On Tuesday
evening a concert was given by the Burroughs Band at the Arena
Gardens. On Wednesday, the Committee arranged a sail on Detroit
River and Lake St. Clair Flats. This trip, which lasted through-
out the afternoon and evening, gave an opportunity of meeting
members and friends from all sections of the country. Both the
Council and Sections Committee held meetings during the trip.

Many ladies were in attendance at the meeting. Automobile
trips were provided, there was a drive around Belle Isle, luncheon
at the Detroit Boat Club, tea at Red Run Golf Club, and oppor-
tunity was offered to inspect many points of interest, including the
United States General Hospital and Priscilla Inn.

The success of the meeting was due to the faithfulness and
untiring efforts of the various local committees. A list of the chair-
men of these committees follows. General Committee, H. H. Essel-
styn; Reception, James Couzens; Printing and Publication, John
C. McCabe; Transportation and Information, W. E. Cann; Enter-
tainment, M. W. Taber; Ladies’ Entertainment, Mrs. F. G. Ray.
The Detroit Local Section committee, E. C. Fisher, chairman, con-
tributed two excellent papers to the meeting.
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PROGRAM

Monday Morning, June 16
Registration of members and guests at headquarters. Meetings of Council
and Society’s Committees.
Monday Afternoon

BUSINESS MEETING

Report of tellers of amendments to constitution, reports of committees,
discussion of aims and organization of the Society.

Monday Evening
Reception and dance.

Tuesday Morning, June 17
RESEARCH SESSION
TrE PrEseENT CoNDITION OF RESEARCH IN THE UNITED STATES, Arthur
M. Greene, Jr.

TuE OrgaNizATION AND CONDUCT OF AN INDUSTRIAL LABORATORY, A. D.
Little and H. E. Howe.

ADDRESS BY ACTING CHAIRMAN OF ENGINEERING DivisioN oF NATIONAL
ResearcH Counciy, G. H. Clevenger.

ResEarcH WoRK OoN MaLLEaBLE IRON, Enrique Touceda.

RePorTs or SuB-CoMMITTEES ON FLow METERS, BEARING METALS AND
LUBRICATION.

Tuesday Afternoon
INDUSTRIAL RELATIONS SESSION

InDUsTRIAL PERSONNEL Revarions, Arthur H. Young.
TuE Status or INDUSTRIAL RELATIONS, L. P. Alford.

Tuesday Evening
Musical entertainment and dancing.

Wednesday Morning, June 18
SIMULTANEOUS PROFESSIONAL SESSIONS
SECTIONS SESSION
CENTRAL-StATION HEATING IN DETROIT, J. H. Walker.
Propucrion oF LIBERTY MOTOR PARTS AT THE FORD PLANT, W. F. Verner.
FIrRe ENGINES AND THE EssgnTiALS oF FIRE FiguTing, C. H. Fox.
AN FErecrricaL DEVICE FOR MEASURING THE FLow oF Fruips IN Pipes,
J. M. Spitzglass,
GAS POWER SESSION
CrupE O, MoTors vs. Steam ENGINEs IN MARINE Pracrice, J. W.
Morton.

A SuGGESTED ForMuLA FOR RATING KEROSENE ENaINES, D. L. Arnold
SraNDARDS FOR CARBURETOR PERFORMANCE, O. C. Berry.
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Wednesday Afternoon and Evening
Steamboat trip through St. Clair Flats.

Thursday Morning, June 19
SIMULTANEOUS PROFESSIONAL SESSIONS
FUEL SESSION

PuLveErizEp CoAL as A Fuer, N. C. Harrison.

PuLvERIZED COAL FOR STATIONARY BoILERS, Fred'k A. Scheffler and H. G.
Barnhurst.

EconoMy oF CERTAIN AR1ZONA StEAM-ELECTRIC POWER PranTs UsINg
O1L FueL, C. R. Weymouth.

GENERAL SESSION

ELEMENTS OF A GENERAL THEORY OF AIRPLANE-WING DEsigN, Walter C.
Durfee.

Fans ror DriviNG ELEcTRIC GENERATORS ON AIRPLANES, Capt. G. Francis
Gray, Lieut. John W. Reed and P. N. Elderkin.

MEecuaNIcAL LiFrs, PasT AND PRESENT, AND A NEW METHOD FOR THEIR
Bavrancing, Lieut. J. F. Robbins.

Tne DEesiaN or Rivetrep Burr Points, Alphonse A. Adler.

EconoumicaL SecrioN oF WATER Conouir ForR PowerR DEVELOPMENT,
Cary T. Hutchinson.

Thursday Afternoon

Excursions to Ford Motor Company and Packard Motor Company.



No. 1688

THE PRESENT CONDITION OF RESEARCH
IN THE UNITED STATES

By ArrEur M. GeEENE, Jr., Troy, N.Y.
Member of the Society

This paper, by the Chairman of- the Research Commillee of the Society, deals
with the conditions under which research is now being carried on in the United States.
The author first discusses research in its relation to the technical school and gives
a list of the universities having mechanical engineering laboratories. Engineering
experiment stations are next considered, lists being given of the stations and of those
which publish research bulletins. Codperative research and the research activilies
of the Government are next presented and finally the author considers commercial
and industrial research work, giving in connection therewith lists of the private
research laboralories in the couniry and of manufacturing companies having their
own research facilities.

HISTORY records the development of science from fortuitous
observations and from systematic, careful and exhaustive re-
search. The work of the Greeks as shown by Lucretius on the con-
stitution of matter could only have been made after a careful and
exhaustive study of the laws of nature. The work of Hippocrates
" certainly indicates a previous study of anatomy and the action of
certain drugs. The studies of Galileo and Newton, of Kepler and
Herschel, of Watt and Stephenson, tell of careful thought applied to
the interpretation of facts which led to the establishment of laws.
The story of Berzelius and his kitchen laboratory illustrates the
spirit of adventure into the unknown which brought to us our early
quantitative knowledge of the elements. The accidental observa-
tions of Galvani, Newton, Bell and Crookes by future development
and study led to results of incalculable value to science, while the
theoretical studies of Kepler, Maxwell and Hertz predicted results
which in giving confirmation to theory gave also confirmation to
the correctness of experimental observations.
2 Although all past ages have had men devoted to research,
they are not numerous in any one period. If there is one thing, how-
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ever, that marks the present epoch, it is the prevalence of this idea.
In the past, research was carried on by the few, but today as a result
of education and as a result of the success of research in many fields
one can scarcely read a periodical of any branch of science without
finding some article on this subject. For the last fifty years the
commercial value of research has become more and more evident
to industrial plants. This appreciation has been coincident with
the growth of these plants and has made their development possi-
ble, while reciprocally the growth of the plants has made extensive
research possible. This growth has been intimately connected in
the same manner with the growth of our universities and the more
extensive education of our people. In spite of the statement of
many engineers that the young engineer or college man is of little
value when he begins his practical work, these men have proved
their worth in the development of the industries and of the present
civilization.

3 For many years our colleges and universities have had their
laboratories where some research has been done, and with the de-
velopment of our industries following the Civil War the necessity
of commercial laboratories for examining or controlling products
was evident. Forty years ago saw many small chemical laboratories
and a few testing machines scattered throughout the country. The
search for knowledge by some of the investigators and the possibility
of application of the results of their researches undoubtedly reacted,
8o that the laboratories of examination and control became labora- .
tories for investigations in new and unknown fields. '

4 Research work, quite general before the present war, became
more extensive in overcoming the dastardly appliances of the Hun
in devising new apparatus, products and manufacturing methods
and in improving quality and production. The war has demon-
strated, if demonstration was necessary, the value of research, and
it is now the opinion of most of us that this stimulating viewpoint
should not be lost and that the war-time interest should be con-
tinued. For this reason it is well to consider the present condition
of research in the country. .

5 Before discussing the matter of the physical condition of the
various laboratories there are a few general considerations which
should be mentioned. The cost of research in the past has been
such that in many cases it could only be undertaken in an exten-
sive way by large corporations. The necessity and value have been
evident but the small plant has been unable to inaugurate that
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which it has known to be of value. In other instances there have
been investigations which have been of such a nature that there
would be no commercial gain from their results, although of great
use to mankind. The necessity of such work has been clearly seen
and appreciated by some, and in this country institutions and foun-
dations have been established by public-spirited citizens to carry
on investigations or to give grants to those who are working on
problems for the general good. The reference is to such organiza-
tions as the Rockefeller Institute for Medical Research, the Carne-
gie Institution of Washington, and the Sage Foundation.

6 A number of private commercial laboratories have been
undertaking commissions for clients, but recently the plan worked
out years ago by the Associated Factory Mutual Fire Insurance
Companies of New England in their cooperative laboratory and the
Insurance Engineering Experiment Station has been- applied in the
cobperative work of certain industries. These investigations have
been undertaken by an industry as a whole or by a group of manu-
facturers, and the results have been distributed among the contrib-
utors to the expense funds, or, in certain cases, the results of the
experiments have been freely given to the world.

7 The various states in our Union and the National Govern-
ment have believed that they should make investigations for the
farmer, and for over thirty years agricultural experiment stations
have been carrying on research in relation to soils, crops and live
stock and within the last fifteen years the appreciation of their duty
to the manufacturers and the industries has been shown by the
establishment of engineering experiment stations. Here the gen-
eral problems of the manufacturers may be solved and the resources
of the state developed.

RESEARCH IN TECHNICAL-SCHOOL LABORATORIES

8 To turn now to the present researeh activities, let us con-
sider first our universities and technical schools. The general equip-
ment of the university laboratories is planned to give training to
the undergraduate in methods and to illustrate certain laws. The
engineering laboratories are equipped so that research work is
possible, but in many cases the schedule for instruction work is so
heavy that little or no research work can be done. Nevertheless,
under these adverse conditions some work of great value has been
produced during the last thirty years in the technical schools by
faculty members, graduate students and even by undergraduates,
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and the proceedings of our engineering societies indicate the extent
of this work. The lack of time for experimentation has been cared
for in the engineering experiment stations by the employment of
full- or part-time investigators. In this way work can be carried
on continuously to a conclusion. At present the disorganization of
these laboratories by war activities has caused most of the work to
cease. According to numerous letters, however, a return to normal
conditions is looked for within a year. The laboratories of chemis-
try, physics, biology and the other sciences have been doing much
graduate research work. This has been of a theoretical nature
rather than of the applied form of research more evident in our
engineering laboratories. The small number of graduate students
of engineering has partially accounted for the limited amount of
research from the engineering schools.

9 The equipment of these technical schools is usually quite
diversified and adapted for research work of a varied nature. The
equipment has been planned in many cases for certain problems
and in some instances special contributions have been made by
some associated industries for equipment to make investigations of
problems of that industry. Thus, at Johns Hopkins University the
gas interests in and around Baltimore donated a fund for the equip-
ment of a laboratory to study gas manufacture and its by-products.
At the Carnegie Institute of Technology at Pittsburgh a laboratory
for rolling-mill research and instruction is being established from
funds which are contributed by a number of steel manufacturers.

10 One of the great needs of the present time as voiced by
directors of a large Government laboratory and of a large com-
mercial laboratory is the need for more research men. Research
demands a man of clear vision, great imagination, tremendous
resources, absolute honesty, good training and devotion to work. The
love of the work will have to be the incentive as in many cases the
monetary returns are small. If our colleges of engineering and
science could by some means instill into more men the great desire
for discovery through research, they would aid much in the con-
tributions of this age to the future. Training is also necessary, and
that should be done by men engaged in research.

11 The field of research is broader than ever. As a great
philosopher expressed it, the relation between the Known and the
Unknown is that of the surface of the sphere: the greater the sphere
of knowledge becomes, the greater the surface of contact with the
unknown.
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ENGINEERING EXPERIMENT STATIONS

12 To aid the work of research for the industries and manu-
facturers by supporting men on whole or part time to carry out
investigations, engineering experiment stations have been estab-
lished in many state universities. These have been active and the
development of such institutions is considered by some to be of
such national importance that several bills have been introduced
in Congress for Government aid in establishing them throughout
the United States.

13 The Engineering Experiment Station of the University of
Illinois, organized in 1903, usually comes to mind when discussing
this question, although there are fourteen such stations at other
state universities. The Engineering Experiment Station of the
University of Illinois up to January, 1919, has issued 110 bulletins
and 10 circulars on its researches. Twenty-eight of these deal with
structural problems, 28 with problems relating to fuel, its mining,
storing, combustion and analysis, 10 with problems of mechanics,
strength of materials and machine design, 14 with heat problems
and 11 with problems of electricity and electrochemistry. These
papers are sent free of cost to intercsted parties in some cases, and
in other cases a nominal charge is made.

COOPERATIVE RESEARCH

14 While discussing the subject of the experiment station, the
possibility of the codperative research as shown by present condi-
tions and the different methods of solving this problem should be
mentioned. The problems of hot-air-furnace heating have been solved
by empirical rules which have had little if any scientific foundation.
An association of builders of hot-air furnaces has granted the Engi-
neering Experiment Station of the University of Illinois certain
funds of money to finance an investigation of these problems, the
results of the investigation to be made public at its conclusion.

15 The problems of metal rolling are complex and have been
studied in the past with difficulty because investigations must not
interfere with production. The codperative plan of equipping a
full-size rolling mill at the Carnegie Institute of Technology equipped
with special apparatus for varying conditions and making quanti-
tative determination of different data cxemplifies what is being
done by another industry.
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16 The paper by Prof. Enrique Touceda at this meeting illus-
trates how the manufacturers of malleable iron have formed an
association to employ a private laboratory to become their research
laboratory for the purpose of improving and making uniform a
product which was irregular in its properties.

17 The Canners’ Laboratory in Washington, D. C., gives
another example of the codperative method of an industry. In
this laboratory the problems of the proper harvesting, handling,
storing and canning of natural food products has been studied and
the industry guided.

18 The Mellon Institute of Research of the University of
Pittsburgh is unique and illustrates a development of research by
funds contributed to a laboratory by individuals, corporations or
industries for the solution of problems confronting them. The
Institute was organized about thirteen years ago by Dr. Robert
Kennedy Duncan, and the contribution of funds for the support
of the research was continued by each contributor for one or more
years. The money so received served to pay the salary of the man
or men on a special piece of research work and to pay for very special
apparatus. The Institute houses the research, furnishes ordinary
supplies and apparatus, affords library and consultation facilities
and directs the work. The investigations are made for the donor
and the results belong to him. At present the work is under the
charge of a director, acting through two assistant directors in charge
of the fellows on individual and multiple fellowships. In the Insti-
tute a method of developing complete unit experimental plants to
study processes for certain donors has been used. In this way
commercial processes have been developed from laboratory re-
search in a way not done in many other research laboratories.

19 At the University of Michigan the Detroit Edison Company
has established a number of fellowships for research. This indi-
cates another method of codperative effort and the utilization of
the equipment of our educational institutions.

20 A list of codperative efforts in research must mention the
work of the laboratories of the Factory Mutual Fire Insurance Com-
panies. The work of this association has covered many years, some
of its bulletins being issued over thirty years ago. Many papers
and discussions were contributed to the early TRANsSACTIONS of this
Society from its staff,
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EDUCATIONAL INSTITUTIONS HAVING MECHANICAL ENGINEERING
LABORATORIES

21 The educational institutions with which the Research Com-
mittee corresponded and which are equipped with mechanical engi-
neering laboratories are enumerated below.

Alabama

Alabama Polytechnic Institute, Auburn, Ala. Dean J. J. Wilmore.

University of Alabama, University, Ala. Prof. George Jacob Davis.
Arizona

University of Arizona, Tucson, Ariz. Prof. W. W. Henry.
Arkansas

University of Arkansas, Fayetteville, Ark. Prof. B. N. Wilson.
California

University of California, Berkeley, Cal. Prof. B. F. Raber.

Leland Stanford Junior University, Stanford Univ., Cal. Prof. W. F. Durand.
Colorado

University of Colorado, Boulder, Colo. Prof. J. A. Hunter.
Connecticut

Yale University (S.S.8.), New Haven, Conn. Prof. L. P. Breckenridge.
Delaware

Delaware State College, Newark, Del. Prof. M. van G. Smith.
Georgia

Georgia School of Technology, Atlanta, Ga. Prof. R. S. King.
Illinois

Armour Institute of Technology, Chicago, Ill. Prof. G. F. Gebhardt.

Lewis Institute, Chicago, Ill. Prof. A. W. Moseley.

Northwestern University, Evanston, Ill. Prof. H. S. Philbrick.

University of Illinois, Urbana, Ill. Dean C. R. Richards.
Indiana

Purdue University, Lafayette, Ind. Dean C. H, Benjamin.

Rose Polytechnic Institute, Terre Haute, Ind. Prof. F. C. Wagner.
Towa

Iowa State College of Agriculture and Mechanic Arts, Ames, Iowa. Prof.

M. P. Cleghorn.

State University of Iowa, Iowa City, Iowa. Prof. 8. N. Woodward.
Kansas

University of Kansas, Lawrence, Kan. Dean P. F. Walker.

Kansag State Agricultural College, Manhattan, Kan. Dean A. A. Potter.
Kentucky .

State University of Kentucky, Lexington, Ky. Dean F. P. Anderson.
Louisiana

Tulane University of Louisiana, New Orleans, La. Prof. W. B. Gregory.
Maine

University of Maine, Orono, Me. Prof. W. J. Sweetser.
Maryland

Johns Hopkins University, Baltimore, Md. Profs. C. C. Thomas and A. G.

Christie,
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Massachusetts
Massachusetts Institute of Technology, Cambridge, Mass. Prof. E. F.
Miller.
Harvard University, Cambridge, Mass. Prof. L. S. Marks.
Tufts College, Tufts College, Mass. Dean G. C. Anthony.
Worcester Polytechnic Institute, Worcester, Mass. Prof. W. W. Bird.
Michigan
University of Michigan, Ann Arbor, Mich. Dean M. E. Cooley.
Michigan College of Mines, Houghton, Mich. Pres. E. F. McNair.
Michigan Agricultural College, East Lansing, Mich. Dean G. W. Bissell.
Minnesota
University of Minnesota, Minneapolis, Minn. Prof. J. J. Flather.
Missouri
University of Missouri, Columbia, Mo. Prof. H. W. Hibbard.
Washington University, St. Louis, Mo. Prof. E. L. Ohle.
Nebraska
University of Nebraska, Lincoln, Neb. Dean O. V. P. Stout.
New Jersey
Stevens Institute of Technology, Hoboken, N. J. Prof. F. L. Pryor.
Rutgers College, New Brunswick, N. J. Prof. R. C. H. Heck.
New Mezico
New Mexico College of Agriculture and Mechanic Arts, State College, N. Mex.
Dean A. F. Barnes.
New York
Polytechnic Institute of Brooklyn, Brooklyn, N. Y. Prof. E. F. Church.
Cornell University, Ithaca, N. Y. Prof. H. Diederichs.
Columbia University, New York City. Dr. C. E. Lucke.
New York University, New York City. Director of Testing Lab. C. P. Bliss.
Clarkson College of Technology, Potsdam, N. Y. Prof. A. R. Powers.
Rennselaer Polytechnic Institute, Troy, N. Y. Prof. A. M. Greene, Jr.
North Carolina
North Carolina College of Agricultural and Mechanic Arts, W. Raleigh, N. C.
North Dakota
North Dakota Agricultural College, Agricultural College, N. D.
Okio
University of Cincinnati, Cincinnati, Ohio. Prof. A. L. Jenkins.
Case School of Applied Science, Cleveland, Ohio.
Ohio State University, Columbus, Ohio. Prof. W. T. Magruder.
Oklahoma
University of Oklahoma, Norman, Okla.
Oklahoma Agricultural and Mechanical College, Stillwater, Okla.
Oregon
Oregon State Agricultural College, Corvallis, Ore.
Pennsylvania
Lafayette College, Easton, Pa. Prof. Donald B. Prentice.
Bucknell University, Lewisburg, Pa.
University of Pennsylvania, Philadelphia, Pa. Prof. R. H. Fernald.
Carnegie Institute of Technology, Pittsburgh, Pa. Prof. W. Trinks.
University of Pittsburgh, Pittsburgh, Pa.
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Lehigh University, South Bethlehem, Pa. Prof. Arthur W. Klein.
Pennsylvania State College, State College, Pa. Prof. E. A. Fessenden.
Swarthmore College, Swarthmore, Pa. Prof. G. F. Blessing.
Rhode Island
Rhode Island State College, Kingston, R. I.
Brown University, Providence, R. I. Prof. W. H. Kenerson.
South Dakota :
South Dakota State College of Agricultural and Mechanic Arts, Brookings,
S.D.
University of South Dakota, Vermillion, S. D. Prof. M. W. Davidson.
South Carolina
Clemson Agricultural College, Clemson College, S. C. Prof. W. B. Earle.
Tennessee
University of Tennessee, Knoxville, Tenn.
Vanderbilt University, Nashville, Tenn. Prof. C. 8. Brown.
Tezas
University of Texas, Austin, Tex.
Agricultural and Mechanical College, College Station, Tex.
Utah
University of Utah, Salt Lake City, Utabh.
Vermont
University of Vermont, Burlington, Vt. Prof. E. Robinson.
Virginia
Virginia Polytechnic Institute, Blacksburg, Va.
University of Virginia, Charlottesville, Va.
Washington .
State College of Washington, Pullman, Wash.
University of Washington, Secattle, Wash.
West Virginia
West Virginia University, Morgantown, W. Va.
Wisconsin
University of Wisconsin, Madison, Wis.
Wyoming
University of Wyoming, Laramie, Wyoming.

UNIVERSITIES HAVING ENGINEERING EXPERIMENT STATIONS

University of Arizona, U. 8. Bureau of Mines Station, Charles E. Van Barneveld,
Supt., Tucson, Ariz. '

University of Illinois, Charles R. Richards, Director, Urbana, Ill.

Iowa State College of Agriculture and Mechanical Arts, Dr. S. W. Beyer, Acting
Director, Ames, Iowa.

Kansas State College of Agriculture, A. A. Potter, Director, Manhattan, Kan.

University of Kansas, Perley F. Walker, Director, Lawrence, Kan.

University of Minnesota, School of Mines, W. R. Appleby, Director, Minne-
apolis, Minn.

University of Missouri, E. J. McCaustland, Director, Columbia, Mo.

Missouri School of Mines, Mining Experiment Station, A. L. McRae, Rolla, Mo.

Pennsylvania State College, R. L. 8ackett, Director, State College, Pa.
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Purdue University, C. H. Benjamin, Director, Lafayette, Ind.

Agricultural and Mechanical College of Texas, J. C. Nagle, Director, College
Station, Tex.

University of Utah, J. F. Merrill, Director, Salt Lake City, Utah.

University of Washington, C. F. Magnusson, Acting Director, Seattle, Wash.

University of Wisconsin, Address Director, Madison, Wis.

UNIVERSITIES ISSUING ENGINEERING RESEARCH BULLETINS

Rensselaer Polytechnic Institute, P. C. Ricketts, Director, Troy, N. Y.

University of California, Charles Derleth, Jr., Editor, Berkeley, Cal.

University of Minnesota, Address Director, Experimental Engineering Dept.,
Minnesota, Minn.

GOVERNMENT ACTIVITIES IN RESEARCH

22 The Bureau of Standards at Washington and Pittsburgh,
the laboratory of the United States Burcau of Mines at Pittsburgh,
the Food Laboratory and Forest Products Laboratory of the Depart-
ment of Agriculture and the Naval Experiment Station at Annapolis,
are a few of the Government activities interested in research.

23 At the Bureau of Standards research work is being done in
physics, chemistry, metallurgy, manufacturing and engineering.
There is hardly a branch of human endeavor which is not touched
by this enormous research laboratory. In 1917-1918 there were
over 1400 employees connected with the Bureau, and accounts
aggregating more than $3,400,000 were handled. During this year
the Bureau issued fifty-three publications and these may be obtained
through correspondence.

24 The primary work of the Bureau is the definition and fixing
of standards of measurements, standard constants, standards of
quality, standards of performance and standards of practice and
to do this they have divided the scientific and technical staff into a
division of weights and measures, a division of heat and thermom-
etry, an electrical division, an optical division, a chemical division,
a materials division, an engineering research division, a metallurgi-
cal division, and a ceramic division. Each division is under a Chief
of Division and under him there are numerous experts and assist-
ants. The Bureau feels that its function is one of service to the
nation and it endeavors to aid all who apply for information or
guidance.

25 The work of the Gage Section of the Bureau of Standards
during the recent war activities must be remembered as of the
greatest importance. This department undertook to regulate the
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gages used in the various manufacturing plants through its head-
quarters in Washington and its branches in the East and the Middle
West. The Section has developed instruments for testing screw-
thread gages for profile and pitch, instruments for end measurements,
and in fact it is prepared to test any commercial gage or templet
for accuracy. The Section has studied the salvaging of gages and is
vitally interested in the problems of duplicate production.

26 The activities of the laboratories of the Bureau of Mines
and the Department of Agriculture are devoted to their special
fields of endeavor, and in each case scientists of training and experi-
ence are in charge of the research.

27 The U. S. Naval Experiment Station at Annapolis, Md.,
is used to study the apparatus and materials used by the U. S. Navy
or certain Government bureaus. The work consists in making tests
on these, and in addition researches regarding the general laws
underlying the apparatus have been undertaken. The Station is well
equipped with apparatus and an excellent staff. The work of the
Station is for Government information, but frequent papers by
members of the staff appear at times before various technical societies.

28 The Forest Products Laboratory of the United States De-
partment of Agriculture at Madison, Wis., is devoted to problems
relating to the applications of forest products.

29 The Watertown Arsenal is equipped for research in materials
of engineering. The reports from this laboratory have been for
years the source of many data on the strength of materials.

30 The Philadelphia Navy Yard is equipped for research in
fuel oils, while the Washington Navy Yard is equipped for testing
- ship models, propellers, airplanes and air propellers. The wind
tunnels and testing basin are of special merit.

31 The research activities of the American Society of Heating
and Ventilating Engineers in connection with the Pittsburgh Labora-
tory of the United States Bureau of Mines is important and illus-
trates the activities of certain groups of scientists and engineers.
This society plans to make researches regarding problems arising
in its field of endeavor for the benefit of the profession and the
public. In this project the expenditure of $20,000 per year for a
number of years is proposed.

32 The dentists of the United States have a number of labo-
ratories devoted to the solution of their problems. The Research
Institute of the National Dental Association in Cleveland is one
which illustrates the cooperative endeavor of allied scientists. At
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one of their recent conventions the dentists have declared them-
selves in favor of giving the results of all research to the profession
without compensation. .

33 According to the public press an Institute for Drug Research
is about to be established. It is to be supported by the profits of
the Chemical Foundation which has been formed to take over
Government-held German patents on chemicals, dyestuffs and
drugs. In the plan as outlined this work would be done by chemists,
pharmacologists and physiologists working in the “vast undis-
covered field of drugs and chemicals for the welfare of mankind.”

COMMERCIAL RESEARCH

34 The private research laboratories of the country are pri-
marily devoted to investigations of materials for commercial pur-
poses, to check products or raw materials or to improve the product.
These are quite numerous and the list of laboratories given below
shows in a partial way the private research resources of our country.
Much of the work done by these laboratories is of the nature of
inspection, but in many of them the commissions undertaken for
clients have been of a true research nature, in finding the cause of
defects, the methods of improving product and in some cases plan-
ning actual production methods or processes.

35 Many of these laboratories have been in existence for al-
most a half a century; others have been developed in the last decade
from a local need for such institutions. The work of such a labora-
tory is to be described in a paper at this meeting of the Society and
the varied nature of its activities will be seen.

36 In the correspondence of the Research Committee with the
various private laboratories, the willingness to cooperate in the
work of the Committee was coupled with the statement that most of
their research work was for clients and, therefore, could not be made
public. The Committee hopes that in some cases the persons for
whom the work is done will contribute information after this has
been properly protected.

37 The work of these private laboratories covers all fields of in-
vestigations and new equipment is obtained in many cases for special
investigations. In some cases a laboratory has been specializing
in problems of a definite character and its equipment for this work
is expensive and complete. The list given below represents the
private laboratories known to the Research Committee at the present
time.
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PRIVATE LABORATORIES

Booth, Garrett & Blair, Philadelphia, Pa.

Cement plants, cement, building materials, chemistry.
Dayton Engineering Laboratories, Dayton, Ohio.

Spark plugs, auto and airplane engines, wireless apparatus.
Detroit Testing Laboratories, Detroit, Mich.

Dairy products, lubricants, soaps, road and building materials.
Electrical Testing Laboratories, New York.

Instruments, lamps, insulation, fuels, lubricants, paper.
Fitzgerald Laboratory, Inc., Niagara Falls, N. Y.

Electrochemistry.

James H. Herron, Cleveland, Ohio.

Metallurgy, chemistry, ceramics, inspection.
Robert W. Hunt & Co., Chicago, Ill.

Metallurgy, chemicals, materials, apparatus, inspection.
Institute of Industrial Research, Washington, D. C.
Institute of Fermentology, Chicago, Il
B. B. Lathbury, Philadelphia, Pa.

Cements, materials, inspection.

Leeds & Northup, Philadelphia, Pa.

Electric instruments, electrochemistry, heat treatment.
Lehigh Valley Testing Laboratory, Allentown, Pa.

Cements.

Lincoln Hanson and Abbott, Portland, Me.

Electrical apparatus.

Arthur D. Little Co., Inc., Cambridge, Mass.

Chemical analysis, processes, paper, foods, textiles, metallurgy.
New York Testing Laboratory, New York, N.Y.
Pittsburgh Testing Laboratory, Pittsburgh, Pa.

General testing, metallurgy, chemical, materials, inspection.
Rome Testing Laboratory, Rome, Ga.

Rubber Trade Laboratory, Newark, N. J.
S. P. Sadler, Philadelphia, Pa.

Chemical analysis, processes.

Henry 8. Spackman Engineering Co., Philadelphia, Pa.

Cements, materials, chemicals.

Textile Trade Laboratory, Newark, N. J.
Enrique Touceda, Albany, N. Y.

Metallurgy, chemical analysis.
Underwriters Laboratorics, Chicago, Ill.

Fire-protective apparatus, clectrical apparatus, insulation, chemical analysis.
United States Conditioning and Testing Co., New York, N. Y.

Textiles.

John H. Yocum, Newark, N. Y.

Leather and oil trade.
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INDUSTRIAL RESEARCH

38 The last division of research activities is the one which
undoubtedly represents the largest expenditure of money for opera-
tion, maintenance and equipment. It is the one including the vari-
ous laboratories of the manufacturing plants of the country.

39 These laboratories occupy two fields, one the examination,
inspection and testing of raw materials or finished products, in which
the laboratory is called in many cases the test laboratory; the other
concerned in determining physical and chemical properties and
constants of materials, the investigation, development or invention
of new methods, processes of manufacture, or even of products and
the testing of these new schemes, in which case the laboratory is
termed the research laboratory. In many instances the test labora-
tories are devoted to routine work while in others researches of
importance are carried out in the test department. In some organ-
izations the laboratory combines both features under one head.

40 In the correspondence of the Research Committee with vari-
ous corporations maintaining research laboratories, the publicity pro-
gram of the Committee has been approved, but the laboratory could
offer little aid in that its work was largely of a private commercial
nature, dealing with the improvement of a product or process. The
data from these researches are of great commercial value and are
obtained for that purpose. The publication of such information so
that it might be used by a competitor is not expected at the pres-
ent time. It is hoped that in time even such a utopian plan might
exist. It is the wish of the Research Committee, however, that
when results of such laboratories have been utilized and protected
that they may be given to the profession, and it is earnestly desired
that the directors of the laboratories would appreciate the advantage
in carrying out the research of a special nature to a general con-
clusion, so that in place of answering the specific questions involved
in the investigations they may give data which can be applied under
other conditions.

41 One of the oldest and largest of the laboratories of the cor-
porations is that of the Pennsylvania Railroad, at Altoona, Pa.
It was established in 1874 and at present its staff of workers is over
six hundred men, half of whom are engaged in inspection work.
The expenses of this laboratory are about $500,000 per year. The
work of this department in the preparation of specifications for
materials and supplies of the Pennsylvania System is known to all
of you. :
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42 The locomotive testing plant which was such a prominent
part of the St. Louis Exposition has been used at Altoona for further
work in locomotive research. For studying problems on the road a
dynamometer car is used by the laboratory. A unique part of their
equipment is a laboratory car which may be sent to various parts of
the System for the solution of local chemical problems or for other
purposes.

43 The laboratories of the Westinghouse Electric and Manu-
facturing Company at Pittsburgh, Pa., and of the General Electric
Company at Pittsfield, Harrison, Cleveland, Lynn and Schenectady,
represent the large laboratories of the manufacturers of electric
apparatus. In both of these companies the main research labora-
tories have forces of more than one hundred men, and the budget
of each amounts to $500,000 per year.

44 In the Schenectady plant of the General Electric Company
the department of tests is independent of the research laboratory.
The research laboratory is devoted to problems of the de-
velopment of new materials, processes and apparatus, and, as its
name indicates, its work is of a research nature.

45 Work in pure science which at the inception has no com-
mercial aim in view is one of the activities of this laboratory and
the publications of its results in the transactions of scientific socie-
ties gives evidence of such work. The results of these investiga-
tions in some cases have led to results of great commercial value as
in the case of the gas-filled lamp which had its origin in a research
on the laws governing the loss of heat from small wires coupled with
an investigation on the evaporation of tungsten.

46 The research laboratory has as another of its functions the
development of processes or of improved or new materials. The
method of producing drawn tungsten wire, the production of insulat-
ing material, the improvement of transformer steel and the inves-
tigation of alloys represent certain of the problems of this labora-
tory. Here science has been applied for a definite commercial end.

47 Another function of the laboratory is to make certain prod-
ucts for which there is but a limited demand. Thus the Coolidge
X-Ray tube, certain tungsten products and targets for X-Ray tubes
are manufactured in this laboratory.

48 The equipment of the laboratory is most complete for its
activities. There are sixteen machines in its power plant giving
power at different voltages and frequencies. Frequencies from 25
cycles to 2000 cycles may be had and by transformers voltages as
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high as 200,000 or currents of 12,000 amperes may be obtained.
The building is piped with city water, river water, illuminating gas,
high-préssure hydrogen, low-pressure hydrogen, oxygen, high-pres-
sure steam, compressed air and vacuum suction and vacuum clean-
ing. Distilled water is supplied to any room by gravity, and liquid
air may also be obtained. Various kinds of gas and electric vacuum
and arc furnaces are installed in one part of the building.
A furnace is installed for argon purification. Various crushers,
grinders, rolls, punches and a 60-ton hydraulic press are installed.

49 The illuminating laboratory, which is distinct from the re-
search laboratory, is devoted to special problems in studying the
best lighting units or methods of utilizing these units. The con-
sulting engineering department laboratory, devoted to high-tension
phenomena, the testing laboratory for materials, the standardiza-
tion laboratory for instruments and the development of new instru-
ments represent activities at Schencctady which are devoted to
research in their commercial routine duties. Many engineering
departments are constantly making investigations which are of a
research nature.

. 50 The work at the laboratories at Lynn and Pittsfield is largely
applied to the production problems of these plants and at Harrison
and Cleveland the problems of lamp production are studied.

51 The problems of the Westinghouse Company are of a simi-
lar nature to those of the General Electric Company.

52 The research laboratory of the Eastman Kodak Company
represents the research activity of another manufacturing corpora-
tion. The staff of this laboratory consists of about fifty men, some
fifteen of whom are specialists. The budget amounts to more than
$100,000. The work of the laboratory is devoted to physics, chem-
istry, to plant problems and new devclopment. In this laboratory
full-size apparatus is used at times in making research. As shown by
the equipment of many laboratories the study of complete processes
in the laboratory on a commercial scale is onc of the features of
the times. The problems of this laboratory are organic, inorganic
and colloidal chemistry, optics, color photography, film products
and applications of general photography, chemical products and
emulsions. )

53 The laboratory of the National Lamp Association, now the
Nela Park Laboratory at the National Lamp Works of the General
Electric Company at Cleveland, Ohio, represents one of the best-
known research institutions of this country. The rescarch work of
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this laboratory is devoted to the physics, physiology and psy-
chology of light, the production, utilization and efficiency of lumi-
nous energy. In this laboratory with a staff of eight investigators
of the highest ability directing the work, all kinds of illuminat-
ing problems are studied from every angle. The laboratory has a
policy of sending out its experts to study local conditions, and in
many cases investigators from other institutions come to this labo-
ratory to carry on research. During the first eight years of its exist-
ence from 1908 the laboratory has produced 125 high-grade papers.
These are abstracted by the authors and the abstracts published
at intervals. In having abstracts made by the authors the impor-
tant points of the researches are sure to be covered.

54 The laboratory of the Packard Motor Car Company is de-
voted to the study of materials used in their plant, the inspection
and test of supplies and finished work as well as the development of
new devices or processes.

55 The great extent of research facilities is disclosed by the
following list of laboratories used by the Research Committee.

MANUFACTURING COMPANIES HAVING RESEARCII LABORATORIES

Air Reduction Company, New York City.

Aluminum Castings Company, Cleveland, Ohio.

Aluminum Company of America, New Kensington, Pa.
American Agricultural Chemical Company, New York City.
American Beet Sugar Company, New York City.

American Brass Company, Waterbury, Conn.

American Locomotive Company, Schenectady, N. Y.
American Optical Company, Southbridge, Mass.

American Rolling Mill Company, Middletown, Ohio.
American Sheet & Tin Plate Company, Pittsburgh, Pa.
Amecrican Smelting & Refining Company, New York City.
American Telephone & Telegraph Company, New York City.
Amoskeag Mills, Manchester, N. H.

Arlington Mills, Lawrence, Mass.

Armour & Company, Chicago, Ill.

Armstrong Cork and Insulation Co., Pittsburgh, Pa.
Atlantic Refining Company, Philadclphia, Pa.

Babceock & Wilcox Company, Bayonne, N. J.

Baldwin Locomotive Works, Philadelphia, Pa.

The Barrett Company, New York City. -

Bausch & Lomb, Rochester, N. Y.

Berlin Mills Company, Berlin, N. H.

Bethlehem Steel Company, So. Bethlehem, Pa.

Browne & Sharpe Manufacturing Company, Providence, R. I.
Buick Automobile Company, Flint, Mich.
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Carnegie Steel Company, Pittsburgh, Pa.

L. D. Caulk Dental Company, Milford, Del.

Chalmers Automobile Company, Detroit, Mich.

Champion Spark Plug Company, Flint, Mich.

Columbia Graphaphone Company, Bridgeport, Conn.

Corning Glass Works, Corning, N. Y.

Wm. Cramp & Sons, Philadelphia, Pa.

Crucible Steel Company of America, Pittsburgh, Pa.

Curtis Aeroplane & Motor Company, Buffalo, N. Y.

Curtis Engineering Co., Mineola, N. Y.

De Laval Steam Turbine Company, Trenton, N. J.

E. I. Dupont de Nemours & Company, Wilmington, Del.

Eastman Kodak Company, Rochester, N. Y.

Thomas A. Edison Company, Inc., West Orange, N. J.

Ford Automobile Company, Detroit, Mich.

Fulton Bag and Cotton Mills, Atlanta, Ga.

General Bakelite Company, New York City.

General Chemical Company, New York City.

General Electric Company, Schenectady, N. Y., Pittsfield, Mass., Cleveland,
Ohio, Harrison, N. J.,, Lynn, Mass.

General Motors Company, Detroit, Mich.

Grasselli Chemical Company, Cleveland, Ohio.

Hudson Automobile Company, Detroit, Mich.

Holcomb Steel Company, Syracuse, N. Y.

Ingersoll-Rand Company, New York City.

International Harvester Company, Chicago, IlL.

International Acheson Graphite Company, Niagara Falls, N. Y.

H. M. Johns-Manville Co., New York, N. Y.

Lackawanna Steel Company, Buffalo, N. Y.

Linde Air Products Company, New York City.

Ludlum Steel Company, Colonie, N. Y.

Midvale Steel Company, Philadelphia, Pa.

National Aniline & Chemical Works, Buffalo, N. Y.

National Carbon Company, Cleveland, Ohio.

National Cash Register Company, Dayton, Ohio.

National Lumber Manufacturers’ Association, Chicago, Ill.

Nela Research Laboratory, Nela Park Laboratory, Cleveland, Ohio.

New Jersey Zinc Company, New York City.

New York Shipbuilding Corporation, Camden, N. J.

Newport News Shipbuilding Company, Newport News, Va.

Packard Automobile Company, Detroit, Mich.

Pennsylvania Railroad Company, Altoona, Pa.

Pennsylvania Salt Mfg. Company, Philadelphia, Pa.

Pierce-Arrow Automobile Company, Buffalo, N. Y.

Pittsburgh Plate Glass Company, Pittsburgh, Pa.

Pratt & Whitney Company, Hartford, Conn.

Precision Instrument Company, Detroit, Mich.

Pyrolectric Instrument Company, Trenton, N. J.

Remy Electric Company, Detroit, Mich.
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Reo Motor Company, Lansing, Mich.

Sangamo Meter Company, Springfield, Ill.

Sears, Roebuck Company, Chicago, Il

Solvay Process Company, Syracuse, N. Y.

Standard Oil Company, New York City.

Studebaker Corporation, South Bend, Ind.

B. F. Sturtevant Company, Hyde Park, Mass.

Taylor Instrument Company, Rochester, N. Y.

Titanium Alloys Manufacturing Company, Niagara Falls, N. Y.
Tidewater Oil Company, Bayonne, N. J.

Union Switch & Signal Company, Swissvale, Pa.

United Gas Improvement Company, Philadelphia, Pa.

United States Industrial Alcohol Company, South Baltimore, Md.
United States Smelting Company, New York City.

United States Steel Corporation, New York City.

Victor Phonograph Company, Camden, N. J.

Welsbach Company, Gloucester, N. J.

Western Electric Company, New York City.

Westinghouse Airbrake Company, Wilmerding, Pa.

Westinghouse Electric & Manufacturing Company, East Pittsburgh, Pa.
8. S. White Dental Manufacturing Company, Philadelphia, Pa.

56 I cannot close this paper without referring to one agency
which not only has been of utmost importance during the present
war but also in its continuance in the times of peace will have a
still greater influence on the developments in science and industry.
I refer to the National Research Council, the purpose and work of
which is best explained by the following executive order issued by
the President of the United States, May 11, 1918:

The National Research Council was organized in 1916 at the request of the
President by the National Academy of Sciences, under its Congressional charter,
as a measure of national preparedness. The work accomplished by the Council
in organizing research and in securing codperation of military and civilian agencies
in the solution of military problems demonstrates its capacity for larger service.
The National Academy of Sciences is therefore requested to perpetuate the
National Research Council, the duties of which shall be as follows:

1 In general, to stimulate research in the mathematical, physical and
biological sciences, and in the application of these sciences to engineering, agricul-
ture, medicine and other useful arts, with the object of increasing knowledge,
of strengthening the national defense, and of contributing in other ways to the
public welfare.

2 To survey the larger possibilities of science, to formulate comprehensive
projects of research, and to develop effective means of utilizing the scientific
and technical resources of the country for dealing with these projects.

3 To promote codperation in research, at home and abroad, in order to
secure concentration of effort, minimize duplication, and stimulate progress;
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but in all codperative undertakings to give encouragement to individual initia-
tive, as fundamentally important to the advancement of science.

4 To serve as a means of bringing American and foreign investigators into
active codperation with the scientific and technical services of the War and
Navy Departments and with those of the civil branches of the Government.

5 To direct the attention of scientific and technical investigators to the
present importance of military and industrial problems in connection with the
war, and to aid in the solution of these problems by organizing specific researches.

6 To gather and collate scientific and technical information at home and
abroad, in codperation with Governmental and other agencies and to render
such information available to duly accredited persons.

Effective prosecution of the Council’s work requires the cordial collaboration
of the scientific and technical branches of the Government, both military and
civil. To this end representatives of the Government, upon the nomination of
the President of the National Academy of Sciences, will be designated by the
President as members of the Council as heretofore, and the heads of the depart-
ments immediately concerned will continue to codperate in every way that may
be required.

The White House, (Signed) Wooprow WILSON.
May 11, 1918.

57 The work and activity of the National Research Council
will be discussed in one of the papers at this meeting, and I will
not attempt to enumerate the various problems which it has under-
taken. To make this paper complete, however, I will give an
outline of the organization as it existed during the war period.

58 The Council was under the chairmanship of Dr. George E.
Hale with three vice-chairmen, an cxecutive secretary, a treasurer
and two assistant secretaries. The executive board under the chair-
manship of Dr. John J. Carty consisted of the officers of the Council,
the chairman and vice-chairman of divisions and the chairman of
sections of the General Relations Divisions together with six clected
members. The Divisions of the Council were as follows:

The Division of General Relations

Military Division with its Research Information Service

Division of Engincering

Division of Physics, Mathematics, Astronomy and Geo-
physics

Division of Chemistry and Chemical Technology

Division of Geology and Geography

Division of Medicine and Related Sciences

Division of Agriculture, Botany, Forestry, Zo6logy and
Fisheries.

> W N -

00 3O G

.



DISCUSSION 51

Each Division was divided into committees and sections, covering
special features of the work. There were over one hundred scientists
representing various technical and scientific societies, educational
institutions, commercial laboratories and manufacturers.

59 The work accomplished by the Council during the war has
been so important and many of the investigations and researches
which were not completed gave so much promise for the future that
the Council has been reorganized to continue its work for the further-
-ance of science and its applications.

DISCUSSION ON ENGINEERING RESEARCH

THE following general discussion of the subject of engineering
research has to do with papers Nos. 1688, 1689 and 1690.

P. F. WaLker (written). Professor Greene has truly said that
in most of our educational institutions the members of the faculty -
are so burdened with routine teaching that large amounts of re-
search work cannot be expected. There ‘is good reason, however,
why the schools need to give active attention to scientific investi-
gation. It is the schools that must produce the men to go into
active professional work, including research. In the schools these
men have implanted in them certain ideals which will remain, per-
haps unconsciously, as determining factors in their lives. To pro-
mote research therefore is of vital importance in order that the
student should be brought face to face with research problems, and
thus imbibe something of the spirit of the investigator.

A matter in which the writer is at present personally interested
and to which he is giving a great deal of attention is the state in-
dustrial problem. It is a research side of that new branch of the
profession sometimes designated as industrial or commercial en-
gineering. Every state and every community has problems peculiar
to itself and it is a function of state educational institutions as well
as of the engincering profession to interest themselves in such
problems with the aim of rendering service. A combined survey
and study of industrial possibilities is being made. This is men-
tioned because it is a kind of research net always thought of as
coming within the scope of the engineer. To the writer, however,
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it seems that it is an activity which comes distinctly within the
terms of that definition which states that engineering is the applica-
tion of all of the sources of power to the use and convenience of
man. In any community, and particularly in one where the natural
resources are not yet developed by industries to the full extent that
economic conditions will warrant, it is the business of the en-
gineer to encourage and pave the way for new industrial develop-
ment as truly as it is to develop the natural agencies for its
successful prosecution.

F. J. ScHLINK (written). The importance of real research
work and its possibilities in returning a quite extraordinary profit
for a very moderate expenditure cannot be over-emphasized. If
this end is to be attained, however, the venture must be undertaken
with a broad vision and the investigator must be permitted within
reasonable limits to carry on studies which may not promise imme-
diate pecuniary benefits.

It is nothing less than astonishing to find, as we occasionally
do, that a long-established product, supposedly fully standardized,
" is being manufactured without even a superficial knowledge of the
simple enginecring and scientific facts that underlie its performance.
Some of the portable or hand-operated fire extinguishers are splendid
examples of this class, and in these simple devices, which are not
nearly so complex, from the designing and manufacturing stand-
point, as an alarm clock or a lawn mower, the varied and manifest
types of mechanical and operating failures presented are well-nigh
unbelievable. One can say with a high degree of certainty that
the expenditure of $500 in a real engineering study of the problems
of material and function in any one of several such extinguishers
would have made unnecessary the waste of many thousands of
dollars in ineffective designs, some of which are an absolute menace
in that they give the owner a false and unfounded sense of security
against fire hazards.

The condition of American business in which large profits
could be made without the necessity of careful and rigorous
attention to engineering research and standardization is rapidly
passing away in the face of the present perplexing industrial
situation. The advancing costs of labor and material, with the
concurrent unwillingness of the public to pay increased prices for
the manufactured product it consumes, are bringing to every manu-
facturer a problem of almost crucial character, of holding down or
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reducing his manufacturing costs without depreciating his product.
This difficulty must be met on the one front by research and stan-
dardization, and on the other by the efficient management of labor;
and the former, though not so well advertized or perhaps even so
highly regarded, is likely to prove at least as powerful an ally as
the latter.

ArTHUR J. Woop (written). Professor Greene states that one
of the great needs of the present time is for research men and
follows with a statement which in itself explains why there are
no more men available. He says, “The love of the work will prove
to be the incentive as in many cases the monetary returns are
small.” T believe that the author is conservative in saying “many
cases,” — it should read “most cases.”

Monetary returns will never make a research engineer out of
one whom nature never fashioned for such work, but it will produce
results of unmeasured value from the one who has the love of and
ability for research work if it frees him from financial cares which
he otherwise must carry.

Surely the need is for more research men and the industrial
laboratories look primarily to the colleges for their material, but
what are the colleges, as a whole, doing to develop men along these
lines?

In the period of awakening to the value of research there will
be plunges into subjects without proper preparation or preliminary
study and analysis, and some half-completed results of tests will
doubtless be put forth as research, partly because the colleges can-
not or do not pay salaries to teachers and investigators which would
train the right men in the proper lines. The making of a research
worker i8 a long-time process, and it calls for a normal, straight-
thinking mind, well informed and evenly balanced, which must be
left free to get results. One of the apparent needs for men in col-
legiate research is for more leisure in which to think out methods,
to plan the work in fields not already well occupied and to keep the
mind thoroughly saturated with the subject at hand. How much
leisure should be granted? The man himself should be the one best
qualified to judge.

Regarding industrial vs. pure research, there should be no
conflict; no line of demarkation can be drawn between the two
although they are essentially different. One is helpless without the
other. No research is so “pure” but that it may some day lead to



54 PRESENT CONDITION OF RESEARCH IN UNITED STATES

results of commercial value. It is unfortunate that some engineers
do not have a true conception or an adequate appreciation of the
value of scientific research work.

The Society through its Committee on Research and the various
sub-committees may be an important factor in guiding some of
this work. It may help to raise the standards of pure research
so that industrial and educational institutions alike will accept the
definition of research as given by the late Dr. R. H. Thurston as
the “art of revelation and prophecy.” The Society must be a leader
in the great work and place research in its accepted and well-
deserved place among engineering enterprises.

H. S. CoLeman. The system of research at the Mellon In-
stitute was formulated by the late Robert Kennedy Duncan and
placed in experimental operation at the University of Kansas in
1906. In 1911 the system was inaugurated at the University of
Pittsburgh, and in 1913 established on a permanent basis there
through a gift, by Messrs. Andrew William and Richard Beatty
Mellon, bankers of Pittsburgh, of a modern research building and
an endowment to cover the general overhead expenses and salarics
of the administrative staff.

Any company or association of manufacturers having a prob-
lem or group of problems requiring investigation may become the
donor of an industrial fellowship by contributing to the Mellon
Institute a definite amount of money, for a period of not less than
one year. The foundation sum must be adequate for the purchase
of all necessary special apparatus or other equipment as well as to
furnish the annual stipend of the research man or men selected to
work on the particular problem. The Institute houses the investi-
gatory work, furnishes it with the use of its permanent equipment,
affords library and consultative facilities, gives careful direction to
the progress of the research, and provides an atmosphere which is
conducive to productive inquiry. All results obtained during the
course of the industrial fellowship belong exclusively to the donor.

The Institute is not, in any sense of the word, a commercial
institution, being entirely independent and deriving no financial
profit from any investigation conducted under its auspices. In fact,
during the last fiscal year, it was necessary to draw upon the en-
dowment fund for almost $70,000. .

Up to the present time the engineering research carried on at
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the Mellon Institute has been rather limited in scope as the present
building and equipment were designed mainly for chemical research.
There are, however, three fellowships at present in operation in-
volving engineering research, and plans are now under way for the
construction of an engineering research building which will provide
adequate facilities for extensive engineering investigation.

Investigations are usually worked out in three stages. TFirst,
there is the laboratory stage; then comes the unit plant or semi-
commercial stage and finally the process is placed on a commercial
basis in the plant of the donor. The fellow who has developed the
process through the laboratory and unit-plant stages is usually at
this time taken over by the company and placed in direct charge of
the new process.

As a result of the investigations involving the development of
new processes, a large and valuable collection of special equipment
has been acquired. This equipment, in most cases becomes the
property of the Institute at the expiration of the fellowship for
which it was purchased, and is available for further use in con-
nection with new problems,

JouN R. ALLEN. The American Society of Heating and Ven-
tilating Engineers decided about a year ago to establish a research
laboratory. After a thorough investigation of the available loca-
tions the committee in charge decided to locate this laboratory at
the Bureau of Mines in Pittsburgh. The Bureau of Mines kindly
agreed to supply the necessary laboratory space in their new ex-
perimental building.

The funds for carrying on the work of the laboratory have been
largely supplied by the members of the society and by manufac-
turers interested in research of this character.

The work in general will not be of a commercial nature but
the problems taken up will be of a fundamental character. The
committee in charge of the work has laid down three principal
activities for the Bureau:

1 The collecting of all the references covering research work
along the lines of heating and ventilation. This will be
a card index and will be particularly for the use of the
Bureau but will be available for all members of the
society. 3

2 The work of research, which is divided into two portions
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— research at the laboratories in Pittsburgh and research
in other institutions.

3 The standardizing of all instruments and methods of
testing. The purpose of this is to establish uniform
conditions of arriving at conclusions so that all results
can be properly compared and to ascertain what degree
of accuracy instruments should give in order that results
may be reliable.

It is not the intention of the Bureau of Research to repeat
work that has already been carefully and accurately done or to
develop apparatus at the Bureau which is already well developed
in other institutions. It is the intention of the Bureau to make
use of all the available equipment in the country as far as is pos-
sible. Part of the work will be the collecting and editing of this
material and the conducting of experiments along lines not hitherto
conducted in other institutions.

The intention of the Research Laboratory in general is to give
heating and ventilating engineers more definite data in regard to
the main questions arising in their business so that the work of
the profession can be done with greater accuracy and certainty
than is possible at the present time.

Zay JeFFries.! The Aluminum Castings Co. is engaged in a
line of endeavor which for a long time has had for its object the
refining of methods of production.

The Aluminum Casting Company’s laboratory employs be-
tween 80 and 90 individuals. It is a two-story building 50 by 230
ft.; and its buildings and equipment are valued at approximately
$150,000. The annual expenditure for this work alone is about
$300,000. We are finding out a great many things in connection
with non-ferrous alloys, but we are only advanced far enough to
apply these fundamentals to our industry. Our work is new, and
yet its application is even now producing results, and no doubt will
have more extended use in the future.

CHaRLEs Russ RicHaARrDs. Some 25 years ago the first attempt
was made to provide for federal aid in the establishment of Engi-
neering Experiment Stations, but for one reason or another the
effort to secure congressional action was futile. A few years later,

Ohi t Director of Research Laboratory, Aluminum Castings Company, Cleveland,
0.
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the officers of the College of Engineering of the University of
Illinois succeeded in interesting the university authorities in engi-
neering research, and on December 8, 1903, the Engineering Experi-
ment Station was established by an act of the Board of Trustees.
It has since undertaken industrial research in a great variety of
lines.

The Engineering Experiment Station is an organization within
the College of Engineering. The control of the station is vested in
the Executive Staff which is composed of the Director and his
assistant, the heads of the several departments of the College of
Engineering, and the Professor of Applied Chemistry. The mem-
bers of the faculty are encouraged to devote to research work as
much time as they may have at their disposal. If any one desires
to undertake the solution of an important problem, we attempt to
relieve him of some of his exacting teaching or administrative
duties so that he can give a portion of his time to the research.
Most of the research work in the station, however, is carried on by
the Research Corps composed of various full-time and part-time
research assistants and special investigators who are employed for
specific purposes.

In addition to the research work conducted from university
funds, the Engineering Experiment Station has undertaken from
time to time codperative investigations of problems of importance
to an industry or a group of industries, under an arrangement which
provides that the codperating agency shall pay the principal ex-
penses connected with the investigation. At the present time there
are four or five such investigations in progress.

As an institution supported by the state, it is necessary for
us to safeguard the interests of the public in all research work
which we undertake, whether it is at our own initiative or in
cooperation with outside agencies, by publishing the results of the
investigations and by reserving the ownership thereof.

The Engineering Experiment Station at the present time has
an annual budget of approximately $60,000, but since it uses all of
the facilities afforded by the College of Engineering, the annual
expenditures for research work are considerably in excess of the
regular budget. However, in view of the fact that our funds are
apportioned to ten departments, the annual amount available for
any one department is necessarily small. It is my hope that we
may increase the number of codperative investigations under the
general direction of the Engineering Experiment Station, so that
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each member of our Faculty, who is a specialist in his particular
line, may have an opportunity to direct a corps of special investi-
gators on some important investigation, which will insure results
of real value to the profession. It is only through codperation of
this sort that we can hope to undertake the solution of some of the
larger problems, for no educational institution can supply sufficient
funds to conduct research work which involves large expense. If
we can secure the cooperation of the industries of Illinois and of the
adjoining states in such a program, I am sure that the work of the
station can be greatly extended and improved.

CuarLes H. BEnsaMIN. The engineering experiment station
at Purdue is but two years old. We now have a paid staff of
workers, and a good field in which to work and our future
is very bright. Our object in establishing the station was primarily
to coordinate the research work which has been carried on at
Purdue for so many years, to enable us to do it more satisfactorily
and to publish the results more widely. Another purpose in form-
ing this organization in codperation with the industries of the state
is that primarily we are interested in Indiana, its products, its manu-
factures and its future, and it is our first aim to collaborate with the
men of Indiana to increase this productiveness. There is a certain
advantage in a university laboratory. A university or engi-
necring experiment station is commercially unprejudiced, and
this removes from it any suspicion of commercial interest. Some-
times we are required to investigate problems that perhaps could
be better investigated by a private concern, but that establish-
ment feels that its own efforts would be misinterpreted and that the
results from the engineering experiment station will receive more
universal credence and support. The organization and our methods
of work are very similar to those which Dean Richards has so
well outlined. Among the investigations under way may be men-
tioned the testing of road materials and codperation with the
highway commissioners in the building of good roads, the efficiency
of the carburetor, and the testing of farm tractors, in which
we are coOperating with the agricultural school of the university.
We expect to see a testing plant at the university which will bear
somewhat the same relation to farm tractors as the locomotive
laboratory does to the railroad, and our only difficulty is to take
care of the great amount of work that it brings to us without
solicitation.
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In conclusion, I wish to express my appreciation of the work
of the Research Committee. I do, however, want to urge caution,
not on the part of the Committee, but on the part of some governing
agencies in trying to shape research work. The research man is
a genius. He is born, not made. He is peculiar and he must work
in his own way and on his own initiative. He must not be inter-
fered with and he must be allowed to follow a thing according to
his bent.

J. R. BmBINs commended the spirit of the Research Session
and the character of the contributions produced by Professor
Greene’s Committee. There were, however, certain broad aspects
of the subject, involving state and even national policy, which
seemed to have been forgotten in the special interest centering on
research problems. These he brought forcibly to mind by the slogan
“Millions for Agriculture, not one cent for Industry — Why?”

He then presented the following resolutions:

WHEREAS, it is a matter of generally accepted concern that any
advanced policy of THE AMERICAN SociETY oF MEcHANICAL ENaI-
NEERS, in common with other complementary learned societies and
associations, should incorporate prompt and extended recognition of
scientific and industrial research as a specific means of advancing
technology and proper industrial development of the nation; and,

WHEREAS, the Great War has fully demonstrated the principle
of research, applied broadly as well as in detail, to be of inestimable
benefit in advancing national welfare; and,

WaEREAS, the Committee on Aims and Organizations has
specifically recommended that THE AMERICAN SocieTy oF ME-
CHANICAL ENGINEERS take a more active interest in this field; there-
fore, be it

Resolved, That it be declared the sense of this Research Session
of the ASM.E, that Engineering Council shall be encouraged to
undertake active support of a plan and organization of scientific
and industrial research to the end that the following objects may be
accomplished with all reasonable dispatch:

1 To secure the passage in the present Congress of a special act
furthering nation wide research in State units through congressional
appropriations for this purpose under the general codrdination of
Engineering Council, or other national agency thoroughly represent-
ative of the engineering profession.
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2 To encourage trade, industrial, and utility associations to
interest themselves in the advance of the Arts and the constructive
benefits to be derived from research work in their respective fields
and to codperate with them in their efforts in these directions.

3 To encourage the various research institutions or instrumen-
talities now or to be established by the Federal and State govern-
ments in their close codperation in this general research policy.

4 To encourage and assist in the establishment of organized
departments of engineering research at the various universities,
adequately equipped with material and personnel and to bring
such department as closely as possible in touch with the vital prob-
lems of industrial development confronting the Nation.

5 To institute organized publicity with the industries of the
country and ascertain broadly by a thorough canvass their vital
needs, with a view to directing the research work of the country
and the cooperative development of the industries through the
agency of the technical laboratories both public and private.

6 To organize and support a separate department of the
societies’ activities, in close codperation with similar departments
of other technical societies, to act, through Engineering Council, or
other representative national agency, as a permanent clearing house
for all research work.

In support of these resolutions, Mr. Bibbins pointed out that
the Chicago local section’s desire to ascertain what work could best
be done by the local sections within the limited time and facili-
ties at their command, emphasizing the necessity of publicity and
that the Chicago Committee believed in the necessity of each state
developing itself as a unit (too much could not be done in this
direction), encouraging by every possible means every form of in-
telligent and efficient research, both scientific and also industrial
research of a more practical nature. There had been some dis-
cussion of the propriety of the state undertaking activities of this
character, especially with reference to allying itself thus with in-
dustry. But in view of the high moral standing of the engineering
profession, it seemed rather far-fetched precaution to deny to the
people of the state opportunity of thus developing their industries
to the maximum extent.

Following Mr. Bibbins’ presentation of the resolution offered
by the Chicago Committee, there was a general discussion which
centered around the question of governmental supervision of
research. Wm. T. Magruder cited the need of state research work
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in using Ohio coals in gas production to supplement and replace
the fast-disappearing natural gas supply; considerable work along
this line had been done already in Illinois. The resolution was
also discussed by Dean A. A. Potter, who stated that while he be-
lieved the Society should encourage research, and while it is un-
questionably the purpose of the Society to urge governmental
recognition, it would nevertheless be a mistake to approve a reso-
lution asking Congress to appropriate a certain amount of money
to support research in certain types of institutions. He believed
that THE AMERICAN SocIETY OF MECHANICAL ENGINEERS should
express its approval of all kinds of scientific and industrial research,
but should not approve any specific bill.

J. R. Bibbins emphasized the point that the Chicago Commit-
tee had no desire to complicate proceedings by attempting to classify
institutions; it only favored the broad application of the principle,
through publicity and national recognition of research by the
passage of supporting legislation. The detail could be worked out
by administrative authorities, possibly with the help of Engineering
Council.

Doctor Mees, Director of the Eastman Kodak Research Labo-
ratory, stated that he was in accord with Dean Potter’s remarks
and did not believe in urging Federal research. It was a question
whether Federal research was desirable. The leaders of industry
were against it, and the -advice that he would give to the Society —
he was not a member of it — was to pay for its own research.

Several members of the Society who favored financial assist-
ance on the part of the Government next presented their views
and urged that the Society endorse any measure which would
obtain an appropriation from the National Government for the
benefit of such institutions as might be selected.

C. H. Bierbaum also discussed the resolution. A bill of the
kind proposed was proper enough from a theoretical point of view,
but from a practical point of view he did not believe anything
worse could be done than to have Congress pass a bill for Federal
research, for there would then be a most inefficient distribution of
funds. The securing of funds, however, for doing this work was,
he believed, the smallest problem and the securing of men to do the
work, the greatest. He was decidedly in favor of private or semi-
private research work, but not for Federal control.

Albert Kingsbury urged a careful consideration of the resolu-
tion and suggested that the report of the Chicago Committee be
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brought to the attention of all members of the Society through
suitable mecans of publication.

A substitute motion to the effect that the Society should not
favor federal research was not seconded. The resolutions were
then voted upon by individual items and carried.
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ApprESS ON ORGANIZATION OF THE DivisioN oF ENGINEERING
oF THE NaTioNaL ResEarcH CouNcin

T the Research Session of the Spring Meeting, Mr. Galen H.

Clevenger, Vice-Chairman of the Division of Enginecring of

the National Research Council, was invited to give an address on

the organization work of the Council and of the Division of En-

gineering with which he is dircctly connected at present, in charge

of the headquarters of the Division of Engineering in the Engineer-
ing Societies Building, New York. Mr. Clevenger said in part:

Before discussing the work of the Engineering Division, it will
be well to briefly review the history of the National Academy of
Sciences and the National Research Council, pointing out the
close relationship which exists between the two bodies. Early in
1863 after the Civil War had been in progress many months and
serious and unexpected reverses had occurred, a number of leaders
in science "and engineering, recognizing clearly the need for a
national organization embodying the whole range of science to
advise the Government on scientific questions in connection with
the conduct of the war, planned the National Academy of Sciences
and through their efforts a bill incorporating the Academy was
introduced in the Senate on February 21, 1863, and after passing
both the Senate and the House was signed by President Lincoln
on March 3 of the same year. Later the original bill was amended
to remove the limitation on membership and to enable the Academy
to receive bequests.

At this time, with but few exceptions, the now well-organized and
powerful scientific and technical bureaus of the Government were
not in existence, so that the new organization at once beeame and
continued to be of great assistance to the War and Navy Depart-
ments throughout the rest of the Civil War.

During the years intervening between the close of the Civil War
and the beginning of the war with Germany the Academy has on

Presented at the Spring Meeting, Detroit, Mich., June 1919, of THE
AMERICAN SoCIETY OF MECHANICAL ENGINEERS.
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many occasions advised the Government in scientific matters, the
most notable case being perhaps in connection with certain problems
arising in the construction of the Panama Canal.

WAR ORGANIZATION OF THE NATIONAL RESEARCH COUNCIL

In April 1916, following the attack upon the Sussez, President
Wilson called upon the Academy to aid in organizing the scientific
and engineering forces of the United States in the defense of the
country. The Academy accordingly again turned to the work for
which it was originally organized and which it performed so well
during the Civil War.

In order to perform most effectively the greatly enlarged service
possible under these new conditions, the organizing committee of
the Academy after careful consideration recommended that a new
body be formed, which would be so organized as to take every ad-
vantage of the very liberal charter of the Academy. Such an
organization would therefore share fully in all the privileges of the
Academy both at home and abroad and would have the further
advantage of permitting of the widest range of freedom in the selec-
tion of its membership. '

In accordance with this recommendation the National Research
Council, comprising the chiefs of the technical bureaus of the Army
and Navy, the heads of the civilian bureaus of the Government
engaged in scientific research and engineering, investigators repre-
senting the educational institutions, research foundations, and repre-
sentatives of industrial engineering research, was formed by the
Academy with the active cooperation of the leading scientific and
technical societies of the country.

Under date of July 24, 1916, President Wilson addressed a letter
to the President of the National Academy of Sciences expressing
his approval of the preliminary report covering the newly formed
National Research Council and promising his support to the move-
ment.

On February 28, 1917, the Council of National Defense passed
a resolution asking the National Research Council to codperate with
it in matters of research for national defense, and soon after
the Research Council was requested to act as the department of
science and research of the Council of National Defense, its par-
ticular function being the organization of investigations on military
and technical problems.
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In July 1917 the National Research Council was requested by
the Chief Signal Officer to organize a Division of Science and Re-
search of the Signal Corps.

The war organization of the National Research Council con-
sisted of eight divisions in addition to the Research Information
Service; namely,

1 Division of General Relations

2 Military Division

3 Division of Engineering

4 Division of Physics, Mathematics, Astronomy, and Geo-
physics

5 Division of Chemistry and Chemical Technology

6 Division of Geology and Geography

7 Division of Medicine and Related Sciences

8 Division of Agriculture, Botany, Forestry, Zoology, and
Fisheries. )

The officers of the Council consisted of a chairman, three vice-
chairmen, a treasurer, an executive secretary and two assistant
secretaries. The organization of the Divisions differed somewhat,
but in general each had a chairman, a vice-chairman and an execu-
tive committee.

WAR ORGANIZATION AND WORK OF THE DIVISION OF
ENGINEERING

The Division of Engineering at this time comprised four sections:
a Section on Metallurgy, a Section on Mechanical Engineering, a
Section on Electrical Engineering, and a Section on Prime Movers.
The work of each section was under a chairman, who was directly
responsible to the chairman of the Division.

The Section on Metallurgy had for its principal work the solving
of metallurgical problems arising in connection with the conduct of
the war, more particularly those brought to it by the military. This
work was accomplished through the medium of committees, whose
personnel included leading authorities upon metallurgy.

The Section on Mechanical Engineering established a drafting
room in charge of a chief draftsman at Research Council head-
quarters, and through the generosity of the Carnegie Institute of
Technology, a machine shop at Pittsburgh under the direction of a
foreman. These were used for the development of inventions
referred to the Section by the Divisions of Engineering and Physics.
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The Section on Electrical Engineering concentrated its efforts
upon the problem of electric welding, more especially electric weld-
ing as applied to shipbuilding. This Section worked in very close
codperation with the Emergency Fleet Corporation, who financed
its investigative work.

The Section on Prime Movers devoted its attention chiefly to
the design and development of power plants for aircraft.

The efforts of each section were so directed as to be of the great-
est service in the solving of the problems of greatest immediate need
to winning the war; each has to its credit important achievements
during the war period. (See Report of the Academy of Sciences for
the Year 1918.)

PRESENT ORGANIZATIONS AND AFFILIATIONS

Permanent Organization of the National Research Council. Under
date of May 11, 1918, President Wilson issued an executive order
asking that the National Research Council be perpetuated, and
in accordance with this request the permanent organization of the
Council has been rapidly accomplished.

The membership of the Council consists of:

1 Representatives of national scientific and technical societies

2 Representatives of the Government, as provided in the
Executive Order

3 Representatives of other research organizations and other
persons whose aid may advance the objects of the
Council.

The officers of the National Research Council are a chairman,
one or more vice-chairmen, a secretary and a treasurer.
The Council is organized in Divisions of two classes:

A Divisions dealing with the more general relations and
activities of the Council

B Divisions dealing with related branches of science and
technology.

A Divisions of General Relations are:

I Government Division
II Division of Foreign Relations
IIT Division of States Relations
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IV Division of Educational Relations
V Division of Industrial Relations
VI Research Information Service.

B Divisions of Science and Technology are:

VII Division of Physical Sciences
VIII Division of Engineering
IX Division of Chemistry and Chemical Technology
X Division of Geology and Geography
XTI Division of Medical Sciences
XII Division of Biology and Agriculture
XIII Division of Anthropology and Psychology.

The affairs of each Division are administered by a chairman, a
vice-chairman, and an executive committee, who are elected annually
by the Division and confirmed by the Executive Board of the Council.

The purpose of the National Research Council is to promote re-
search in the mathematical, physical, and biological sciences, and
in the application of these sciences to engineering, agriculture,
medicine, and other useful arts, with the object of increasing knowl-
edge, of strengthening the national defense, and of contributing in
other ways to the public welfare.

Affiliation with similar organizations abroad is rapidly bringing
about an International Research Council.

The Division of Engineering consists of three representatives of
each of the four founder engineering societies, the societies so repre-
sented being The American Society of Mechanical Engineers, the
American Institute of Electrical Engineers, the American Institute
of Mining Engineers, and the American Society of Civil Engineers;
further, there is one representative each from the four more impor-
tant non-founder societies, the societies so represented being the
American Society for Testing Materials, the American Society of
Illuminating Engineers, the Western Society of Engineers, and the
Society of Automotive Engineers. In addition to the representatives
of the engineering societies there are twelve members at large, making
a total membership in the Division of twenty-eight. Eight members
of the Division are also members of The Engineering Foundation.

The work of the Engineering Division has gone steadily forward
during the reorganization period and to such an extent that the
newly organized Division is now in full operation.

The Engineering Foundation and the Division of Engineering.
The Engineering Foundation has from the beginning taken a very
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active and important part in furthering the work of the whole Coun-
cil; indeed, in the earlier stages of the war organization, when the
funds available for carrying on its work were very limited, The Engi-
neering Foundation gave the services of its secretary and substan-
tially its whole income to the support of the Council, this arrangement
continuing until support was secured from other sources.

Recently a plan of close affiliation of The Engineering Founda-
tion and the Division of Engineering has been approved by the mem-
bers of these bodies and also by the Executive Board of the Council.
In compliance with the terms of this agreement The Engineering
Foundation has provided the Division of Engineering with an office
in the Engineering Societies Building at New York, together with
necessary clerical assistance. They further have agreed to make
appropriations of their funds to aid specific undertakings of the
Division from time to time as may be later determined, and in fact
at the present time an arrangement has been effected whereby
The Engineering Foundation undertakes the financial support
of the work of the Committee on Fatigue Phenomena.

The Division of Engineering is not to be regarded as an instru-
ment of research, but rather as a stimulator and coérdinator of re-
search. Its principal object is to get more and better research done
in engineering, carefully avoiding the position of being a dictator,
or of assuming credit for work which it has encouraged others to do.

The Division of Engineering now has nincteen committees work-
ing upon a variety of subjects. These are in various stages of
organization. Every effort is being made to take up researches of
broad general interest. At present twenty-one states extending
from the Atlantic to the Pacific are represented on these com-
mittees and the number is rapidly increasing.

The National Research Council, like the National Academy of
Sciences, was brought into being during a period of war and although
growing out of a war-time need its utility in time of peace is now
fully demonstrated. Although it received aid from the Government
during the war it is not a Government bureau, and in the future it
will be supported by private endowment.

The National Research Council as a federation of research in-
terests of the United States covering the whole field of pure and
applied science, and with the effective cooperation possible with
forcign investigators through the International Research Counecil,
is in a position through its Division of Engineering to perform a
most valuable service in furthering Engineering Research.
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During the war industrial research in the United Stales was naturally stimu-
lated, and as a result there now exists a deeper inlerest than heretofore in the appli-
cations of science to manufacturing processes. New laboralories will undoubtedly
be built and many old ones reorganized in order to render more efficient service. It
18 the purpose of this paper to point out the organization and conduct of such a re-
search laboratory.

The authors first outline the aims of a research organization, following which the
divisions of the laboratory are enumerated and discussed, the laboratories of Arthur-
D. Litlle, Inc., being taken as a type. The methods of management, wriling of re-
ports and the commercial organization of the laboratory are also discussed at some
length, and the paper concludes with a description of the building and equipment
best suited to carry on this lype of work.

REVIOUS to the war there were about 375 industrial research

laboratories in the United States, including those maintained
by manufacturers for their own benefit, and commercial laboratories
prepared to render similar service, continuously or intermittently
to the establishments without such facilities. At the present time
there are no figures available regarding the number of new labora-
tories established as a result of the war, but there is no doubt but
that the war created a deeper interest in industrial research, and -
the application of science to manufacturing processes. It is also
evident that those laboratories which existcd before the war are
displaying a greater interest in fundamental research, and in rehabi-
litating their organizations are paying far more attention to the
research phases of their problems than they have been willing to do

! With Arthur D. Little, Inc.
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heretofore. This, then, is an opportune time to discuss the organiza-
tion and conduct of an industrial laboratory and it is hoped that
those interested in the establishment of new laboratories, or the
expansion of old ones, may find something in this paper to assist
them.

2 In discussing the industrial laboratory we may choose be-
tween the one organized for the purpose of exploring some small
corner of the broad field symbolic of our ignorance and an establish-
ment concerned with the greatest variety of problems.

3 A laboratory of the latter type should consist of a collection
of special laboratories carefully articulated to produce results most
efficiently, and the work common to all of them should be organized
separately in a large general laboratory.

4 Fortunately for our country there are several such labora-
tories doing splendid work, and notwithstanding the care exercised
to avoid undue specialization, nearly all of them contain depart-
ments which dominate, due either to stronger men or the greater
appeal which these departments make to the company; or perhaps
to a seemingly greater importance of their class of problems at
the moment. The great majority of these laboratories are main-
tained in the plants of industry at an annual expense running up to
two millions in at least one case, and with many spending hundreds
of thousands each year.

5 Another plan which should be mentioned involves the train-
ing of men as a primary consideration, and the Mellon Institute,
at Pittsburgh, affords a conspicuously successful example of what
may be done in educational institutions in solving the problems
of industry, while at the same time men are trained in research.

THE AIMS OF A RESEARCH ORGANIZATION

6 Broadly stated, the aims of a research organization should be:
a To find, develop and train men
b To create such a background in the public mind as shall
insure support for research and the industrial utilization
of research results
¢ To secure cooperation between different branches of
science, as, for example, between chemists and mathe-
maticians. (The fortuitous combination of the mathe-
matical mind with the viewpoint of the chemist in Wil-
lard Gibbs laid the basis for physical chemistry. But
such a combination in a single individual is very rare.)
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d To avoid repetition and duplication of effort, first by ren-
dering present knowledge readily available to research
workers, second by applying clearing-house methods to
research projects

¢ To stimulate research by emphasizing the importance of
specific problems, making special grants, rendering ma-
terial and facilities as generally available as possible

f To furnish a general staff for research which shall work
out the plan of attack for major problems, assign the
several lines to competent workers and coordinate and
focus the whole

g To bring home to manufacturers the advantages of re-
search with the view of promoting the establishment of
private, corporation, and group laboratories

h To make and publish a census of available research fa-
cilities in men and equipment

1+ To survey the natural resources of the nation and direct
research toward their development

To appraise our great industrial wastes and develop plans
and methods for turning them to profitable use
7 As regards any research laboratory, it goes without saying
that it is the personal factor which determines performance and this
is preéminently true of the laboratory director. Sir Humphrey Davy
truly said that his greatest discovery was Michael Faraday, and no
greater problem is likely to confront a research laboratory than that
involved in the discovery of a director. Successful laboratory di-
rectors may be of several types, but a militant optimism, contagious
enthusiasm, controlled imagination and quick human sympathy are
common to them all. Such a man will naturally in selecting his .
subordinates look for these personal qualities almost as carefully as he
will weigh specialized scientific training, and having been thus guided
in his selections will find it relatively easy to inspire throughout his or-
ganization those relations of good fellowship and that esprit de corps
which multiply enormously the effectiveness of any working force.
8 Exceptional men are hard to find simply because they are
exceptional, and the director in laying out the work of the labora-
tory and extending its personnel will endeavor to augment the out-
put of the exceptional man through the coérdinated effort of properly
directed men of secondary capacity. Fairness in apportioning credit,
frequent conferences, and opportunity for self-development are also
essential to the attainment of high efficiency.
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9 The so-called commercial laboratory devoting its efforts to
industrial research and operated on a strictly business basis will
best serve our present purpose, and that of Arthur D. Little, Inc.,
in Cambridge, Mass., will be taken as a type in the belief that much
of interest will be found in this establishment, which is “dedicated to
industrial progress.” During the past thirty-three years this labo-
ratory has grown from a partnership of two chemists to an organiza-
tion of sixty people, and scheme after scheme has been devised for
the management of the enterprise, only to find new conditions and -
rapid growth calling for constant revision. Being a corporation, it
is managed by the usual officers with a board of directors, all of whom
do not devote their entire time to the business.

THE DIVISIONS OF THE LABORATORY

10 Within such a laboratory there are two distinct sets of
duties which may be designated as scientific or technical, and com-
mercial or financial. These two divisions have at least two points
in contact, one being through a service manager, and the other the
department charged with obtaining new business for the organization.

11, Considering first the purely scientific side of the commercial
laboratory, its fundamental duty is to interpret the results of pure
science in the terms of industry. While the work of the commercial
laboratory is of the same order as that done in any laboratory even
where the dollar is never discussed, it must be conducted with full
recognition of the fact that many industrial problems are as inti-
mately concerned with economic questions as with scientific. In
other words, while for instance a laboratory process in glass may

-be intensely interesting and of fundamental importance, the client
can hardly be expected to be satisfied with a report unless a commer-
cial method for operating it can be devised. The technical work
should be in charge of the president, under whom various depart-
ments should be organized, so that each phase of a given problem
may have the attention of a specialist, provided with adequate
equipment to facilitate the work.

12 In this connection it may be emphasized that it pays to
provide congenial, inspiring surroundings for the laboratory worker.
The laboratory can be made attractive without being ornate, or
involving unreasonable expense, and every effort should be made
to have the workers reasonably happy. Under no other condition
can the best work be expected, and it must Le remembered that
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the heaviest investment is in the time of these workers, the salary
cost being much greater than that for equipment or material main-
tenance. Rewards other than monetary for faithful service also
play an important part.

13 The departments into which the technical division are divided
will naturally differ in each laboratory, but a fairly definite line
can be drawn between research, engineering and standardized or
routine work. It is advantageous to have all of the standardized
work, including that incident to research and engineering, carried
on under one department head, for in this way it can be done to
better advantage both as regards efficiency and economy. There
will be many occasions when individuals from each of the depart-
ments will confer on special problems.

14 The research department should be organized for both
laboratory and small-factory-scale work. There will be a multi-
plicity of subjects, and since special facilities cannot be provided in
advance of close acquaintance with the problem, the organization
of departments for research along special lines will concern personnel
more than a division of floor space or equipment.

15 Engineering will embody plant inspection, design, construc-
tion and operation, as much of its work will be in the field, al-
though many phases of its problems will be worked upon concur-
rently in the laboratory by those departments best suited to handle
the work.

16 The analytical department will be subdivided under such
headings as textiles, fuels, food, metallurgy, and metallography,
chemical microscopy, water, lubricants, construction materials,
pulp and paper, fermentology, etc. Some of these subjects will
require special accommodations, while others can share a large
laboratory which provides space for certain apparatus kept in place
for a large number of similar determinations.

17 Nothing is more expensive or demoralizing than experi-
mentation in the plant. An industrial research laboratory should,
therefore, be adequatcly provided with equipment of semi-commercial
size. Infant mortality among processes is high in any case and the
most critical period in their young lives is that covering the transi-
tion from the laboratory to the plant. They require and the research
laboratory should provide a nursery to protect and foster them
during this period of their development. Some large manufacturers
have even found it desirable to operate in connection with and under
the sole direction of their research laboratory a small plant in which
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