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NATIONAL ACADEMY OF SCIENCES
NATIONAL RESEARCH COUNCIL BUILDING

THE National Academy of Sciences. g body of active.
scientific workers, was incorporated by Act of Con-
qress approved by President Lincoln in 1863, for the pur-
pose of investigating and rsporting upon any subject of
science or art, whenever called upon by any department

of the government.

The National Ressarch Council, as an agent of the
National Academy. is devoted primarily to the promotion
and cooperative coordination of scientific research, rather
than to actual conduct of research. Its members include
professicnai scientific men and & representation of men of
affairs intarested in ingustry and fundamentai a_qd'cnp“ed

science,
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NEW
All Automatic Burettes

Made of Corming resistane glass with inrerchanenblg
g.ound glass jonts and wopcocks. These dre more erncient
than snv uther stele ot automauc butettes un the market.

The lines vn these buredtes are just 45 hne as on regular
glass. chru wur new erching prucess. ond the graduaions
are guaranieed to be sccurate.

The zero pwent. or memiscus, thru the srrangernent of
the fine up in the uvetflow bulb sets 1self 1n auto.
manically regardless uf the kund of sofution used. Thus is
ane uf the vutsizading features of this tnstrument.

METHOD OF
OPERATION

After the bottle is

filled wich solutions.

lace bureuwe in the

twle and wum

tighten. Tutn han-

H dle in stopcock at

: back of burette. as

H shown in illustra-

R ton: press rubber

bulb and liquid will

E rise from bottle inco
E butette. While liqud &5

3 15 running out of the

fine up in the over-

flow bulb. rurn stop-

cock to the side, then

release valve, and

the sucrplus solution

will rerurn to the

boctle thru overflow
rube.

No 1203 Ne. 12

BLRETTE Nu 19%% 13 made toc alkals solution, with s U sha
Imiag neoe atled san sods lane 10 elwninate CO2L. connect
the Susette woh rubdec rubing. m.i-nz i easv 10 replace sods
nme  There v sisd 4 Jrving cube at the top of the bucette con-
necled wth rubber wbing. [he prices on this rype of buretre are
W7 3bove thowe of our No. 19%0.

Nas. 1940 and 19%% can aiso be furnished with s blue urige, w0
Jatied, dcneilbann giass.  (he prices are the same 43 on (he
Nod  19% 1ad 19%Y A reustant giass.

Nu 1940 capacity, mi. —. O 21 0
Geadustion suddiviscony e 1420 110 1710
C.pacitv botie aul. ... 1000 1000 2004
Prue .omolete. R . 34 10 19 0¢ $10 00
Buttie vnis $2.00 42 00 5200

We sisa muae s MICRO BOTTLE (No 19601 of Corming
“evistant giass. wun ncerchangesdle ground glass 19ints and stopcock.

Nao 960 capacity, mi . 1210 1 2 )

Geadusoun 1uodivisica 171000 /100 1/100  t/%0
Capsciry Surtie. mi 1000 1000 tuoo 1000
Price comptete 39 00 49 00 39 10 39 00
Bortie univ 1! 00 3200 3100 12.00

Qar v pe-: cisit dlowine go10diag 1nd r2geqring deparimrnty gre

Preziced 1o eavie M LCial APPETaral 4(C%rarng .0 (eue bimeprrm
s ate . a e unaid apperciair yrur (wQuiriae

SCIENTIFIC GLASS APPARATUS COMPANY
BLOOMFIELD NEW JERSEY

TIME IT vwinha
CLEBAR

STOP WATCH

For laboratory work that requires perfect timing—time it
with 8 CLEBAR and be surs!

The accuracy of evary CLEBAR stop watch. regarcless of
cost. is fully quaranteed. -

CLEBAR stop watches are truly dependabie.

No. 270 CLEBAR
1.’S second timer

Register start stcp and ‘ly
cack from crown S=all
hand reguters to 30 mia.
viet. 7 jewel ‘aver move.
ment in miciei care. For
qenarsl timing.

Prica $12.00

Neo. 281 CLEBAR

100 second timer with
time out fasture
Decimel  Dial. Registar,
start. stop for time out.
end continyes from crown,
Push slide for fly beck. 100
tecond diel. Small hand
requtery to 30 minytes. 7
jewel moverent in nickel
cete. Ideal for mechenical

uses. Exceptionel value.

Price $15.00

Ne. 281

Qur repair department is equipped for quick,
efficient service on all makes of watches.

CLEBAR WATCH CO.,, Inc.

Importers ———== W holesalers

$11 FIFTH AYENUE
NEW YORK N. Y.
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THE PIONEER MAGAZINE DEVOTED TO RESEARCH AND INDUSTRIAL LABORATdRIES

EDITORIAL . .. ESPITE such convincing answers as celiophane. batelite. ang hun-
dreds of other profitable products of research the auestion still

W\ is asked in some quarters—Does Research Pay? It has zeen
Does more exactingly and severely queried during these present trcucious

times. v

We present here some informal espressions on the subiezt by an
outstanding research exscutive who asked that his identity te withneid.
Resea rc but who nevertheless advccates that RESEARCH LABCRATORY
RECORD open up the topic editorially. We sre reproducing his remarks
as close to verbatim as possivle:

1

PaY? “"When | started in researcn 25 y=ars ago | had two ideas aocut it
proolem and state in advanca that it would be remunerative. Now. my
first idea was really conjacturai—! THOUGHT research was profitabie.
but | was CERTAIN of my secand idea. and confident of my abiiity to
prejudge the profitability of any given probiem.

“"Now. 25 years later, the first ides is no longer cconiectural. | am
POSITIVE from years of proved saperience. that researcn is crsfiradle
but | am equaily positive that | cannot select any given researcn orob.
iem and orejudge it to be remunerative. | am spesting of researcn. not
of develooment,

“About 10 years ago the president of my comoany askea me to
oresent to him the progrem of projects. and he wouid seiect the ones
for which appropriations could be made. an the basis of their profit.
ability. !told him he couldn't do it, because he knew nothing about it. |
aiso told him that | couldn't do it, because | knew nothing about it.
Selecting ressarch projects is lite betting on a horse race. Chiy one
can win,
“T"HE research man who has cut down on research during the decres-

sion doesn't believe in research. {f research pays. and | beiieve it
does. it won't be reduced. If a miilion doilars spent on research pro-
duces & million and a quarter dollars of return. anything shorr of a
miilion dollars spent gives the lie to the sincarity of the man wno says
he believes research pays. ‘

“If | were the autocrat of my company | would never stoo acoro-
pristing money for research. because resesrch always oays. If 39 out
of 100 research problems are worked out at & loss the one that suczeeas
more than pays the cost of the failures.”

e LU IS SRS l \M&'\\W

[

first, that research is profitacie: second. thet | could select any—resesrch— .
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THE EDUCATIONAL INSTITUTION
AND INDUSTRIAL RESEARCH

A

"Without encroaching upon the field of (commer-

cial consulting firms and laboratories) and in fact

while furthering their best interests, it is entirely

possible for the educational institution to be of serv-

ice to industry in a vital way by reason of its unique

staff or facilities, its purposes and its position in the
community."

v

relationship of an educational institution to in-

dustrial research. The principal problem con-
sidered here is that of the privately endowed institu-
tion. although some of the analvsis applies to state-
supparted institutions as well. The writer, of course.
will draw his conclusions largely from the experi-
ence at the Massachusetts Institute of Technology,
although it is hoped that the anaivsic is of more
ceneral applicability.

Certainly there is a part that the privately en-
diwed insutution enn play with complete propriety
and with :ome advantage not only to industry but
alsa to it~ own educatinnal processce. The problem
thien re-nlves itself into the delimitation of the field
in which such activities can properly be carried out.
aud the means by which contacts mav be furthered
with these purpo<es in niuind.

Where an institution has unique f{acilities. an
out-tanding staff of <peciudists. and a location in the
aiid-t af intenze industrial development. it 1: cer-
tainiv ncumbent upon it o piav a part in the n-
dustnad worid apout it not only becnwe 15 existence
mav theredov hecome . matter of greater uuiiy (@
indu-try. hat alsn becnu<e the re~ulting refationships
when proveriv nurtured are capubdle of exerting .

I T I3 the nhject of this puper to anualvze the proper

By DR. VANNEYAR BUSH

Yica Presidont and Daean of Enginaering
Mecschinetty Institvte of Technology

profuund and beneficial influence upon its educa-
tional processes. This is especially true in 8 case of
& school of engineering, where the relationship be-
tween the pedagogical processes and many tvpes of
industrial problems is particularly close; but it ap-
plies as well to an institution of icience, where that
science is applied, whatever may be the field.

Institution Should Not Compete

" IS also evident at the outset that an educational

institution should not attempt to usurp the pro-
vince of the consulting engineer., nor should it
atempt to compete with those independent indus
trinl research laboratories which have been created
~pecifically for the purpose of serving industry in
its prohlems. It is not necessary to encroach upon
these fields in order to render real service. for the
educational institution is a far different affair from
erther of these. und as it has a unique position 0 it
has a unigue opportunity,

The muin fund: of a privateiv endowed educa-
vional insutution have been supplied for educa-
nonal purpases. In many instances thev are .-
provided for re<earch. but academuc re-earch. -
-earch in the feid of puce :ctence. and orten

o

s
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which its presenice cuu huve npon ~tudents while it
is emploved on such projects. and secondly. that it
should be available for problenis of industrial interest
which it i~ expected will be publizhed and of leneltit
to large arups. [ the time should come when it is
capable of being upplied to clazed re-eurch prublems
without interfering with the<e primary purpeses
then it undoubtedly :hould be =0 applied if the
need urires. '

A third illu~tration accurs in the :o-called network
analvzer.®* This 15 un electrical network, arranged
with switching and nietering fucilities, on which can
be reproduced in niiniature the electrical equivalent
of the importaut purt of practically any power sv=

. tem of the country. When thus duplicated in mini-

ature the svsteni can be studied for its performance
under unusual conditions, und propesed exteurions
mith their effect ou perforimance may be iuvestiguted.
There are aulv twa devices of this sort in the country
which are thus uvailable for the reproduction of a
variety of power svstews. althourh sote comipunier
huve mininture reproductions of purts of their own
svsterns. [t wis constructed by conperation with the
Getieral Electric Company, which coutributed to itz
cost.

There were two rensons for underwking this de-
veloputent. Hiryt, it has direct utility in soiving the
problenis of power svstetn engineers und hence gives
aid in the extension and proper utilization of ~uch
svstet of zrewt iuportance to the public: ~evond. it
is u re~enrch tool which in the hands of students and
staff i~ cupable of advancing knowledge in u generl
wav -0 thut power svatenis niay be hetter understond,
Both fuuctious bave been important in its use. Of
eour-e the re-ults of rezcarch and of geuveml studiex
have heeu publizhed and made generully available.
but wany of the problems which huve been curried
on with 1= wid have been -tudies of specific -v:tewms
of mtere-t only to the public unlity to which the
svatems helong,

[ the-e cume~ 1t s been nuude avadable at 4
charge which would reunbur-e the {nsurute com-
pieteiv for 1ts vost of anemuiou and provide o fund

e The M I T Netmack Analvtee M I T Puchiiacien Jaauses 1100
ad The M I T Neonwrx spaivter M LT Putdicatioa aprd 104

Left—A new type of straboscope,
ute ot Matsachusatts  lastiture  of
Technaiogy e sfudy the behavieur of
machines oparating ot high 1peed.
When this photoqraph of o 160 k.
motar wet made. the mechine was
running at full wpead and the Tetten
S and N on the north and 10uth peies
of the rotor were moving pait the
camers leay at & cate of 95 milgs por
hour ground ipsed.

Intet—=The network andlyter. uied for
the solutien of power tyitem preb-
lems by repreducing the network and
iy eperation an & redwced icals.

for the wmortizatign of its initial cot. The charges
huve been adequate to include all items of expense,
such gs labor of a-~istants. minor use of muterials
and the o3t of ~puce. power. light and 0 on. together
with a perceuituge tn cover the cost of supervision.
From the fund thus built up it is expected to amoriize
the initial cost over a perind of vears. although this
period remains somewhat indefinite in view of the
present business situation. which has prevented power
engineer: from utilizing it as much as they would
perhaps like to.

The other instrument of the «wrt wite onstructed
by Wesztinghouse Electric and Manufacuring Com-
jany undoubtedly with the :ame weneral purposes
in mind. and it has been -imilarty useful for power
svstemi =tudies. There was the clome-t of (operation
between the cutipuny and the In<titute. a- the 1wo
developnients were carried an ~imultaneousiv, und
the experience of euch group was of wssi-tunce to the
ather.

Consulting Laboratories Use Facilities

QW there iz no doubt that with unique facili-

ties there i» au obligation ta ke them useful,
und there can be no question in a -itustion of this
sort of iuterferennce with independent cvusulting
agencies. In fact consulting ugencies frequently
nnie 10 us W use :uch uunique features {or the benefit
of their clients.

The ~ecnnd type of reseurch in which the educa-
tional institution nmuy praperly enguge 1= that invalv-
ing the cooperation between individualx who are
speciufists in widelv sepuruted fields. <eldom found
together except under acudentic awspices. -

The reseurch problems facing the textile industry
at the pre~ent time require a comprehensive ~tudy
involving questions of chemistry, phivsicul chemistry.
phy-ies. niechanicul engineering. biology and «von.®
In this country at the pre<ent time there 1= no textile
reearch instituting ~ sitiated that 16 can brine (o
bear the attention nof all of thewe diversified zmups.
Yet under a single roof at M.LT. wiil be fnund wen

* “Terrtle Reasarih - & Sugvey of I'ragred s S
Inatitues of Toagrils Reseafif, fur . puoiisfed b e Ve Aucivey

'rece  pneldees, dgas
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who are Active not only in the-e various branches,
but alzo in various spc('i‘ul a~pects of them. There is
a real benefit therefore to he here derived from tex-
tile re<enrch. especiully when the work is carried on
1n close cooperation with wther textile research orgatni-
izatious. and the result: wre mude immediately uvail-
able by publicution to the entire industry.

Certain branches of science have become so highly
specialized that there are verv few men who are
thoroughly verced in many ‘peéiﬁc aspects. .\nother
common situation is that in which only perhup: a
ringle engineer has hud the exact prufessionul experi-
euce which will enable him to answer a given ques-
tion immediately and authoritatively. where un
equally competent engineer without the experience
wuuld have to conduet an investigation. When prob-
lems arise which require the services of such en
on the staff of an educational institution it is to the
best interests of all for the institution to nid in any
way poscible in the making of fruitful contacts.
This situation is again well recognized by consuiting
firms, who are able to give better service to their
clients by being able to cooperate with an educational
iustitution and its staff.

Preliminary and Educative Research

INALLY we have the type of research which is

in essence preliminary and educative. It some-
times happens that an organization considering seri-
ouslv embarking upon u research program can take
advantage of a preliminary study made by & group
who have had contacts with & variety of such en-
deavors. Once the project is under way it may welt
be carried out by the formation of n research depart-
ment within the organization itzelf, or by the sub-
division of the studv and its allocation to various
re~earch uagencie:. and particulatly 1o commercial
laboratories. At the outset however. there iz need for
4 preliminary survey of the field in order that a
decirion in regard to the soundness of the project
may be inteiligently arrived at. and this survey can
~muietimes best be cunducted by an institution which
i~ 1ot financially interested in any way, and then ite
conciusious are the mare readily acceptable. Where
there appeurs to be un opportunity. therefore, to
unuke a preliminary study which will result either
i the furtherance of research where research is
ptuper. ur in the turning aside of an ill-advised proj-
vel. it 13 sometimes incumbent upon an educational
in-titution to lend its aid.

Rezearch of the semi-clused ot open tvpe is more
readily justifiable in an educational inztitution, and
it 1= not necessary that conditions such as above out-
lined obtun in urder to render it desiroble. Here
the educationdd institution has a stake in the re-
seurch decause of the heneficial influence which it
way have upon staff und students. Especially when
the re-earch is connpletely npen. so that its progress
may be reported upen m -taff gatherings. its prob-
lems discussed with advanced students, and itz re-
~uits prompty published to udvance the presuge of
those who make valuable contributions. there is a
:amulution to <taff cnd students which s very valu-
Abile

The institution is often justified in earrving on
~cientific rescarch, or engineering research of a fun.
dfxmer]lal nature, entirely at its own expense as g
vital link in any well conceived advanced educationa}
process with those very objects in mind. W here the
ob;eg(s are fully attainable in an industrial research,
the institution is very well justified in contributing
a part of the cost in a cooperative effort with industry.
Of course in order to attain the objects, the research
wust not only be open, but it must also be truly
~cientific and of broad signiticance. There is no such
l»engﬁt to be derived from the presence of routine
testing.

Training Industrial Research Workers ~

HERE is another reason which often justifies

the carrving on of industrial research of :emi-
closed or, better, of open type. This is when such
work can serve for the training of industnial reseacch
workers in the atmosphere df an academic institution.
When the research worker is also a graduate student
and takiog courses, the process is in fact part of the
pedagogical scheme. He may also he an individual
who is Joaned by an industrv which contributes all
or a part of his expense during bis training period.
There is here a natural and eflective process for

cooperation in the selection and training of men

and their introduction into suitable permanent posi-
tions in industrs. This feature may in fact be the
major interest back of the research, and the expected
material results may be secondarv. Forward-looking
concerns with important research activities of their
own are already taking advantage of the possibilities
of this arrangement.

There is one further basis on which research may
be justifiable within the walls of an educational insti-
tution. but this has not yet been thoroughly thrashed
out and it raises an exceedingly important problem in
our national economy. s there a-duty on the part
of an educational institution to furnish unprejudiced,
uninfluenced information to the public in regard to
the value of pruducts which the public is constantly
asked to purchase! Certainly it would appear that
such a service might well be of real public benefit,
if carried out in a thorough-going scientific manger.
conscientiously, and entirely free from commercial
bius. It appears also that the individual purchser
is in a woefully weak situation, as compared to the
purchasing agent of a large organization in regurd
to hisz meugre knowledge of the things he buys. If it
could be demonstruted that there would be an actual
benefit to the educational processes which would fol-
low the undertaking of such a public service to a
sufficient degree to fully compensate for the well rec-
ognized difficulty of carrving out such a program
effectively, then there is o justification for the work
from the standpeint of the privately endowed insti-
tution. Such a relationzhip does not appear to exisl
in any generality although it may well obtain in cer-
tain restricted felds. Unless the pedagngical benefit
is large. there is certainly no ju-uficanon for =pend-
ing the fund: of the institution in <uch a project
nnless indeed thev are contributed for the -pecinic
purpmpd( should then. if undertaken. be piaced on

ODUcEn SCMMS™
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<uch ot Bnatietal busis that it is entirely selfe-upport.
ing when all vnets are necotmted for, and this Buane
ctal return ~hould be pravided forin such w way thw
I ennnt possildy intlnence the detiched nature of
the work,  Now i ~ael s set-up can be arvaneed fron
A fnaneiad ~tandpoint, e wonbd appear that there
are ather azencie which enubd carry it an just s
well as an educationnl institntion provided thev are
coqualle dndependent. The problem therefore re-
vohus ahont the intinuey that i= pesible between
~uch a peoject and the general educational ~chenie.
At the preseut time it vertainly appears that this
matter requires careful ~tudy and that it i~ vet ta be
re-olved into a form where u ~olntion i~ appurent.

Organizing Institutional Research

FOR tvpes of research which cau properly be un-
dertaken by an institution there ix nece-wanily
«nne ~cheme of araunization. This is rendily pro-
vided for if there i~ an atficer whore primary duty
it iz to -upervi-e research of an industrinl nuture.
At the M.LT. this otlicer iz the Director of the
Nivision of 1ndusirial Cooperation. Through him nn
outside arganization may readily make contaets with

the varions departments and individuals of the insti-

tition.  Oftentime~ his functun i> ~imply to refer
an iuquiry to that individunl. inside ar outside our
own walls. who cant best give advice »f o technical
nature. Where facilities are to be used [.r reseurch
lwwever. he <upervi-es the wmking of n contract
which provides for the proper fee- and which is in
accordunce with the zeueral pulicy of the iustitution.
Wark undertaken under such u cnantmet mny be in
the hands of a ~ingle laboratoey which makes ite own
reports and which takes the respousibility for their
techinical soundness. It is the policy that an indi-
vidual fuboratory il in this way uudertuke work
aniv for a sincle client. although of course work is
often undertaken for a trade association which rep-
re-ent= a large <ection of industry. There iz to reuson
however. why various loboratories may not at the
-une tine be carrving on work for different clients
within a ~iugle industry. It happens ~nuetimes thut
itnduistrial orzanizations which are competitive are
<imultaneously utilizing Institute facilitiex. oue {or a
peoblem in chemistry for example. and unother for a
[roblemn in niechanics. In every contruct the empha-
-i« i» placed on the desirability of open reeurch und
a very lurge fruction of the work curried on within
the walls of M.LT. is prompuly publi-hed aud mude
4 mutter of generul knowledge.
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There ure three purtie it this Gusideration of
the industrial research situntion: St the il
arganization. with or without its vwin fubaragogien -
\f('v.ll‘(l_ (h’. (1."|n1er('iﬂl COnEUllinZ ﬁnm Hllll l.ll)ﬁr”.
tarie~: winel thared, the educutional institution., Wil
wol eneenaching upan the fetel of the coriid aud ;o
Tuet wlole fucthering thetr beat {utovexia 1t ia enlayely
prasaibile foe the educutional Taatilatiu te be wf aecricr
X7 1‘//1/111/;‘_’/ ;n ” l'l-/IL] H'".l’ [l_l, Faeime gy ul. ;/x. llu;llur
staff or fucilitien, ita purpuses und e pesition in the
cumncanity. It cun do this without fnterferiug with.
1ts own educationnl proce=—~. atid cun in facteimprive
them hy the cantact: praduced. This <ervice it ~tul-
ready to perfarn,

TECHNICAL EDITOR APPOINTED

RL‘:‘E.\R('H LaBoRaTORY RECURD annvunces with
this issue the uddition to it~ <taff of Fineev L.
Laster e Techuicub Editor. ;

Mr. La-ier’s ~cholustic preparation for lis wark a-
a consultant in engineering re~eacch. production and
distribution. wus made at George Wichington Uni-
versity. Ma~sachusetts Institute of Tevhnalowy Nyvul
Fuel Oil School. and Mlexander Hailton [ustitute,

He wa- a wember of the ~taff of the Muaterinls und
Engineering Laboratories uf the U. =. Buareuu «f
Standard:. engineer af te=ts on constructlon work it
the American Waterworks und Guarantee Compuny,
Materials Engineer of the U. 3. Navy, Chiefl Chienuist
and Material- Engineer of The Merchaut Fleet Cor-
poration. Pacific Cowst Manager. John Lucas & Co.
Inc.. Genernl Business and Labarutury Maunger of
U. 8. Texting Compuny. Inc.. and on the faculty of
the Engineering Experiment Station, College of En-
gineering. Rutgers University.

Between 1916 and 1924 Mr. Lusier wis a member
of approxiniately 20 technical comimuttees of the Fed-
eral Specifications Board. aud is now a wewlwr of
about 12 technical conmitteex of the \.S.T.M. of
which he is secretary of the New York Di~trict Com-
mittee.

He is known also for his enntributions of techuical
papers to meetings and publicutions. His general
experience embrace: matenals luborutory work. test-
ing, inspection. specification writing, techuical ~uper-
vision. teaching. writing. zelling. cort actvunting.
budgetary control and munagement. credit-. pur-
chases. sules. service. advertizing. publicity. ~ules pri-
motion. technical operation. technieal re~earch il
manufuctnre,

NAVITTRLS
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INDUSTRIAL RESEARCH PLAYS
IN LIFE INSURANCE

The Industrial Hygiene Laboratory of the

Metropolitan Life Insurance Company

By W. J. McCONNELL, B.S., M.D.

Assittant Medical Director, in Charge of
Industriel Health Service

HE Metropalitan Life Insurance Company for

I many veurs has maintained in tonnection with
the Industrial Health Service of the Policy-
holder’s Service Bureuau an industrial research labora-

torv whose technical <taff are engaged in the
promotion of industrial hygiene. including studies

in factories.-~hop~ und otfice~ of envirownentnd con-

ditions affecting health. such as:

Atmospheric poilution by injurious dusts
and fumes.

Ventilation.

Itlumination.

Special occupational hazards.

The work carried on in the Laboratory of Indus
trial Hyvgiene has -0 expanded in recent years that
the company is opening thiz November. in its new
building. model physical and chemical laboratories
fullv equipped for the study of industrial bealth
problems. Chemists and technicians make the re-
quired observations in factories, mills or other in-
dustrial establishments, collect necessary air samples
by means of the most modern devices. and subse-
quently complete their studies in the Laboratory at
the Home Office. In connection with field studies,
gir s:amples are taken under actual industrial condi-
tion- and analyzed for the dust content or for poison-
aus sub~tances in thizs Laboratory. There is thus
acquired definite information which furnishes a
sound basis of knowledge which can serve in the {ull
recvgnition of unfavorable working conditions and
it the development of measures for their abatement.

The Industrial Health Service fully recognizes the
oonfidential relationship which should exist between
the Compuny and thoze whom it serves. It under-
takes no feld investigation except on the invitation
of the insured and with his unqualified cooperation.

Specially-Designed Instruments

ANTY of the scientific instruments used in theze
studies ure de~igned especrally {ur application

to feld -tudies. \ll instruments are calibrated in
the phvsical labaratory before use in the field nork.
Wherever the phyvacal e fuctors are -tudied in

Y MY YA .o PP
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working places. a record of outduor eouditions is
made by mean: of the Tvcos reeording wet and dry
bulb thermiometer. with a ~evenlay chart. having
a small electrically-driven fan for drawing the air
over the thermometer bulb for determining the out-
side tempernture and humidity conditions. For in-
side work. in addition to the sling psvchrometer. spe-
c1ally “constructed psychrometers are ‘used. These
consist of small electrically-driven funs for drawing
the air at a velocity of 600 linear feet per minute.
first over a drv bulb thermometer and then over u
wet buib thermometer. both mounted in a trumpet-
shaped intake tube. painted dull black g0 ax to uvoid
heat losses by radiation. The wick of the wet hulb

thermometer is supplied .with water in a small rezer-

voir on the under side of the trumpet directly below
the wet bulb thermometer. The whole upparatus is
mounted on an aodjustable stand. These instruments
are zet up in different sections“df the plant and
readings are taken at regular intervals. the number
taken being determined by the rapidity of tempera-
ture and humidity changes. This tvpe of instru-
ment was adopted becruse it was found thot the
recording tvpe of psvchrometer was not sensitive
enough to record emall and repid changes, due to
the slow heat transfer, the quantity of metal. and
the actuating liquid in the recording tvpe.

The anemometer is used for measzuring high air
velocities and the kata-thermometer is used to deter-
mine air motion of low velocitiez. The kata-ther-
monieter is an instrument designed to recerd
temperatures in degrees proportionate to body tem-
peratures. By measuring the rate of couling of the
kata-thermometer, it is pessible to calculute the air
motion.

Measuring Skin Temperatures

O CORRELATE the significance of skin tem-
peratures of workers exposed to high tenipera-
ture< and humidities, these are meuasured bv nmiesrs
af an instrument built according to -pecificaiions
Jeveloped by the United States Public Heuith Jer:ce
and the Unitad States Buresu of Mines. coonerani &

with the American Societr of Heating and Veutiat
~
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1¥pes .of rerearch in upplied science of general up-
plicubility. properly form o part of any comprehen-
sive educational pirnject. [t iz not pom:ible to
thoroughly triin o profe-sianal engineer. whose
activities in life should be the utilization of the
ponciples of scicnee in an-economic nunner for the
Lenefit of wmaukind, except when such training is
carried vuin w seientifie atingsphere. and no ntmos-
phere can e thomazhly  scientifie today  unless
as~octuted with vigorous amd eonordinated reseurch.
Ra the educattoual institution cun properly devote
part of its futeds to re-curch. not only when those
fund: liave been ~pecifically donated for the purpose
of extending the range of human knowledge. but
al<e when the research form~ un integral part of the
pedagogical schewme.

Ou the ather hand. there is certainly no warrant
for using the funds of a privately endnwed institu-
tion for the pecuniury benefit of an individual cor-
poration. From this it follows that where re<earch
for such a corporation is carried on. and where the
expected re-ult: are of value to that corporation
alone, the institution is justified in proceeding only
when it receives in fees un amount cowpletely ade-
quate to reimburse itself for all costs

It is convenient to diztinguish between several
formis of re-eurch.®* First. we have what muy be
cailed clozed rte<earch, conducted confidentially for
an individuul nr corporution. with no provision for
the publication of results; second. semi-clo~ed re-
search, which is similar. except that provizion is
mode for publication upon release by the client:
third. open re~earch. involving no -ecrecy. and con-
templating innuediate publication of all important
results: fourth. minor research, not ordinanly of
-uthcient importance tn warrant publication, and
tuvolving -hort tests, library searche, or the like.

Justification of Closed Research

N ORDER to justify the carrving on of rezeurch

of the fint type, not only <hould the fees be ~uch
that all e~ts are properly puid. but alro it :hould
be zliown that there i~ a reason why the same piece
af work cannot e as el carried out by a comumer-
cial agency. <uclt a: a vonsulting firm.  This reuson
mav appear in oue of zeveral forms. Firet, there
is the mutter of unique facilities. Second. the proj-
oct mav be of :uch nature that the cooperation of
men of different specialties may be dictated where
no connnercial iem includes a staff of the neces-
curiiv diversided type. or it miay even be of such
nature that there are onlv oue or two men in the
connitry thornughly qualified to advise upou it. and
the-e ten lncated 1n academie po~tz. Tlurd, it may
-ometimes be -hown that there is a hasis for an
inttial pnece of work of this sort as an introduction
tw « more connplete program the alloction of which
cuu then be undertaken an 11z awn erits.

The st wsvad jusuficaton 1s that of the exist-
ente of unique facilities  Of coure Ju-t becuii-e
the faciliti~ are unique does not wean that the re-

Wegort of the Victine Camunttes of the [hvisen of Juduserial
vimqerntioa, ML T paslished n Te Teousxorseny Hovirs o
[T I RN B

sulting research is neces-arily of the closed tvpe.
In fuet. whatever the reaon for undertaking the
work, there i< ulwuvs g powerful incentive toward
making the research temi-clo-cd or apen, for to keep
it closed means to foregn <ome of the important
benefits of the npen type. Hence. the possesion of
unique facilitie~. while often justifving the under-
taking of clused re<earch, still more often justities
carrving on wark which will result in publication,
wide contact of the ~taff with the work. and a laryer
benefit than to the individual or corporation. =

The nature of the unique facilities depends of
vourse upon the field in which the institution i~ act-
ing. For example, herc at M.I.T. there has been
constructed recently a :pectroscopic laboratory which
iz as thoroughly adapted for its work as cnreful recent
study could make it, and in which everv attempt has
been mude to provide opparatus and surroundings
capable of enlarging our knowledge in that fascinut-
ing field of physice to whiclt it appertains. It is not
likelv that equipnient of this sort would be found
unique and necessarv for a problem of interest ouly
to u single corporation. Yet if that should occur,
and if such a problem could be undertaken without
interfering with the priniary purpose of the lahora-
tory, there is certainly an obligation to carry it an,
and to render os completely useful as possible the
existence of a laboratory of a sort which is rare. More
probable is the opportunity to utilize such equipment
for research which, while having & scientific a-pect
warranting publication of the results for the atten-
tion of other scientific workers. till has an indu-tral
utility to an organization.*

Justified By Unique Facilities

NOTHER illustration of the existence of unique

focilities is the differential analvzer of thi- -
stitution.** Here is an instrunent-which is capable
of solving certain tvpes of differential equations and
which is the only apparntus in existence by which
thic can be done as readily. It has alreardy Iwen
utilized on a large number of problems. and -nce
it is primarily a rcveurch tool these problem~ have
been quite laryely of a basic sctentific nuture. Tt lius
been made fullv available in fact to anv reearch
worker having a problen: of general scientific intere-t.
und since there are more of these than cun jur-iily
he handled. they have been given precedence ou the
miachine in the order in which it has appeared mest
likelx that results of :cientific interest would be -
duced. Neverthele:s. and while the machine wi il
in its early stage-. & commercinl problem arr-e to
which the muchine was immediately applicable. aud
which apparently could not be zoived in uuy nther
way except by prohibitive lubor. The problems wis
<olved and the re-ults were made freely availuble to
anvoue having -inular problems. The attitude o
the iustitution is quite properly that the primary e
of the mnchiue shouid be for the wivancement ¢ e
underlving ~cience, and for the -twmuiating ot
* New SNya-tenmenpy lalaeatary of the M LT 7 Kuel T ¢ e o
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ing Eogineers.  The thermo-electric wethod u-ed
depends on the fact that whenever two dissimilar
metals are in cnntact an electro-motive force is set
up. the magnitude of which depends upon the tem-
perature of the point of contact. .\ meussure of this
clectro-motive force is. therefore. o neasure of the
temyprerature of the fuunction of the two metals. The
thertuocouple is made by welding one end of each of
two wires of different metalz or alloy= us copper and
constantan. the junction of the-e wires is placed at
the point the surfuce of which i: to be measured.
The copper wire goes directly to a potentiometer. an
instrunient for nieasuring electro-motive farce. The
other end of the constantan wire is joined in a
con-tunt temperature buth. to n second copper wire,
which also goes to the iudicating instrument. The
thermocouple is standardized by immniersion in con-
stant temperature baths in thermos bottles. =0 that
electro-niotive force readings on the putentiometer
indicate temperature directly.

The method usunlly employed for collecting air
samples for dust determinations is known as the
Greenburg-Smith impinger method. This apparatus
i¢ verv efficient and .rendily transportable und also
easilv adaptable for taking half hour air samples
at the hreathing level and in close proximity to the
worker. Bv mean: of the impinger a column of air
iz drawn through a glass tube, through a constricted
onifice and then impinged at right angles upon a
borizontal :urface inimersed under a liquid (either
distilled water or distilled water and alcohol) in a

wide mouthed Pyrex flask. Thus the surface tension -

of the liquid is broken down and the dust particles
are entrapped in the soluticn. The impinger is
actuated by :uction supplied by steam ejectors oper-
ated by compressed air. The rate of air flow, during
samipling. i= measured by meens of a :mall vacuum
gauge in<erted into the suction line. The flasks are
then curked with rabber stoppers and transported to
the Laborutory for analvsis and count.

Size Measurements of Dust Particles

HE electric precipitator, an instruiient designed

upon: the principle of a Cottrell precipitator. is
wed fnr collecting air somples for the purpose of
detertiining particle size mensurements of dust. The
electric precipitator is pluced in a po:ition :ilar to
that «f the mpinger. The oir 1z draxo through
this invtrmimeut by means of a small rotary fan. run
by . mwtor. the quantity being measured by a tow
meler.

Wherever grab sample: of air are desired either
the Kouteter, an in:truinent much n-ed for dust
deterinnations 1o South Africa. or the Owens jet
dust counter and seutling chamber, a method popular
in Great Britain, 12 used.

Equipment of the Industrial Hygisne Laboratory resdy far ship-
mant te take Reld rudies

The samples collected in the field are ~ubjected in
the Laburatory to either u chemical unalv-i+ when-
ever poisonous substances. such as lead: mercury.
manganee. etc., are inspected. or dust ceants and
particle :ize measurements are’ wade of such sub-
stances as silica. asbestos. and dust knowu to cause
changee in the lungs when inhaled.

[t is obvious that only particles in a ~tate of verv
fine :ubdivision can possibly penetrute v the lung
tissue. It has been commonly wccepral that only
particles of less than 10 microns can reach the lung
tissue. A micrnn is one-twentyv-tive ¢hivuw=umith of an

inch.

It 1= necessary. therefore. 10 count thec wiinute
particles with the aid of the wicrmenpe. nw-ing a
standard procedure, in nrder to etimmle the dimage

of harmful dust= to which workers are expr=i.

Microphatographs to Stereopticons

ARTICLE size measurenients ave uinde in tiking
niicrophotogruphs at a known nugnification of
the dust and then enlarging the newative Muther by

prrojecting the images npon a ~creen by e of 4
sterenpticon.  The longest dianieters of the ivnive of
the du-t particles nre then meussured pon L - reen.
From the rezuits of a suthctent nuniber of to~ e
urements a curve iz plotted of the «ize toomency
reluttons an Hazeus logartthure pooive v e,
the loaqurithniz of the functivn miesuter o oo
plotted it ordinates unnd the prsbaniiin STRITRC
a5 absciss@ [t~ a siple procedine oo e elate

N
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Air sampling apparatus in
operation

from these plots. which develnp into straight lines.
the frequeuncy of occurrence of dust particles of any
size less than ten niicrons present in the particular
Jdust under investigation.

[ addition to dust analyvses. other analyses. which
the Luboratory is called upon to make are the deter-
tination of carbon monoxide gas escaping into roous
mecupied by workers: analyvses of water uzed for
drinking purposes; and the collection and detection
of pot=onious vapors of all vareties escaping into
workroons. ete,

Hlnninativn studies ure conducted in fuctories
where adequate and peoper lighting is an es-ential
factor in production und in the protection of warkers.
Standard method: used for messuring levels of
Humination are emploved. Photographs are mude
«f hazardous processe~ and of the locations where
sampies are taken for the pumoses of denuficanion,

Recent <tudivs of the Laboratary of Didustrisd
Higiene have voncerned -uch mutters - the offects
npon the funes ol varous nermame dust= =ach as
rock dust prodduced 1 hard rock drithing. the atmo--
pheric poilution by -pecifed porsanous suh-tanees
tempersture. hunudinty and Lor mnavenent i varto-

Dust sampling apparatus for
determination of the quan-
tity and quality of injurious
dust in dusty industrial proc-
esses, Left: Smith-Green-
burg impinger. Right:Electric
precipitator

\ 4

industrie:. For example. dust studies were made 11
foundries und in asbestos mills and reports were
prepured eoncerning the extent of the dust hard
aud emibodying recominendations for its control.

The Library Facilities

HE Luboratory hus ut its command exceptivuul
library facilities to supplement the many source-
of informuation made uvailable through its wide and
nwnerous contacte wsith health work in various in-
dustrinl and mercuntile organizations. The —rvice
cudeuvors in every instance to be of the utmost prac-
ticul assistance to thove who submit problems for it:
(ousideration.  When indicated. visits are minde to
the plant to assure a comprehensive first hand under-
-tinding of the circumstance:s which are tnvalved.
The -tudv of those insured Groups :howing au
unfavorable and excessive sickness or dewth rute
muke 1t possible to [ocalize. by cauze ar <ev wr auw
sroup. the particular heaith problem mo~t nrgentiv
calling for attack. The individual policyinider thu-
recetres direct informution of the objective- auaitisi
which corrective nieasures should be :lirected

P RODU CED S:’C/Nﬁ.ﬂs
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Metropolitan’s Laboratory Equipment

ABORANTORY cquipnent i the Chemiend

' Lalwentoay Koo, Naxiaus Fame  Room.

l'h\-il:ll ]..ll'-'l'.\('ll‘\' n-mm_ lorave Rumll.

andd Dark Recs of the fiew Industrial Hygiene Lab-

aratory of the Merropmlitan Life [usurance Cowe

panive doelades tables, <ink-. benches. glusewure

cabinets. aned Tewwds. The working surfuces. sinks,

cte.. wre constructed of light blue-gray .Alberene

~totie, Supports ure constructed of Enameled Steel
Cabinets or Enameled Steel Pipe Framies.

Tab'e The-e are of .\lberene stone. 114 inches
Tops thick. aupported by cabinet .“'or}: or pipe

frame<. .\l tops are provided with n drip
gronve at the front. under the edge. Tops or work-
ing «unters for fume hoxls, as well as table tops on
which hent work i carried on, are of 2-inch stone.
A 2.inch thick hood base is provided also on funie
linods which are equipped with sliding sush.

Joiutz: in the table tops are made Hush and tight hy
means of the slip tongue construction in acid proof
cewnent.  The stone shelving for reugents is 1Y}
inches thick and is supported by 1V-inch stone shelf
supports. All exposed faces and edges of tops. high
acks. and curbs, etc.. are hone-finished. - i

Sinks, Laboratory sinks and tanks al:o
Drainboards constructed of Alberene stone suit-

uble for ncid work. Sides of the ~inks
are 114 inches thick with a Hush bottom of 114 or
i-inch thickness, grooved to receive the side-

Sinks or ks over four feet <ix inches hing nr 12
el deep have 1Y%-inch sides and 2-inch Lovas,
-l\“_ thewe ~ink bLowtoms pitch slightly 10 u cewter
uram,

The drainbourds or cover :labs for the sinks also
ure of ~elected ~tone suitable for acid work and free
from veins.  Slubz are grooved with parullel groove
pitching within the thickness of the stone top.
Nplash bucks are provided for the sinks.

Fume The counter or hood base, of 2aineh
Hoods thick selected stone. i~ supparted con 1§

{rames made of 1li-inch or 1l4-inch
diaweter enameled steel pipe with floor plate- at the
buttoms of vertical standurds und angle framiug
arund the top. The counter or hood huse i nde
of 2-inch thick «pecially selected stone. [n all b
~pecitied cuse~ the standard thickne=. 115 inchi= wu-
nuintsined.  Stone hucks. batHer. partitions and
~tone ~loping roof are provided. Where light is de-
~ired at the top of sides of the hood. cleur wireplate
glas~ his Leen provided.

No wetal surfaces are exposed insile the huad, A
~tone drip groove is provided in the reur of the top
front lintel und delivers drip in the rear uf the post
supports. 7 ' : .

Au apron is provided below the counter and in the
frout for the reception of the hand wheels that con-
troi the vaned service piping that extends inside the
lionds. Clear wire glass is used for the \Alleghanv
Mewd Shiding Sash. which it bulunced hv leud

fume HOOD

.
]
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weights hllllg lx\ n Lronze chuin over bronze face
pullevs locited 1n the weight boxes. All exposed
fuces of ~toue work are lione Anished.

MU the former ~tme need in the obl Indu-trial
[Iyvoiene Laboratory was disimantled and carried to
the new luboratory for reinstallutin. after cleaning
down. sunding. and plicing it in Giseelis eondition.
Broken wire gli=» in the fme howls wus repluced
with new clear wire glis~. und the wonden -n-hes in
the exi~ting livuds were [‘(_-lul;wed with _\uegh“ny
Metal sushes.

Metal Cabinet Considerable wus done in the
Work and furni~hing and in=talliog of new
Enameled Steel metal cabinet work and leg =up-
ports.  Former equipment of this
nuture was  retouched and the
hardware refini-hed for installation in the uew lab-
oratory, Specifications demanded that all sheet steel
used be the be-t grude of mild cold rolled pickelled
double anneunled and puatent leveled. ns well as free
from :cale and buckle. Plutes used are of the partic-
ular -pecial grade known as metallic furniture stock.

Supports

Uprights ure made of 13-zaage
steel reinforced by 14.inch by 1.
inch strike bars. electro welded
thereto. The uprights are perforated with holes for
fastening -helves. with five holes for each shelf,
spuced l-inch on centers.

The backs are removable. of 22-guuge -teel flaneed
at the top and sides and bolted to uprights. The
lower edge is formed up tn receive reur langes on the
bottom :helf.

All plate doors are made with aot less than S-gauge
steel, square. and carefully fitted to case work open-
inge. and hung on heavy brouze hinges.

The door knob: are made of :0lid bronze and ar-
ranged to operte a steel latch.

Cupboards—
Hinged Doors

The doors equipped with glass are formed of 18-
guuwe steel remnforced for mgidity and strength.
Door stiles have a maximum ¥;-inch thickness and
are two inches wide. Double doors are equipped
with up and down bolt: concealed in the stile of the
iloor. securing it at top. bottom. and center. Up and
down mcilers are of 14-inch round bary.

Steel Shelves All steel shelves are of No. 18
in Cabinets uauie aud heve a oneinch fanged

face all around with flat. (olded
edge: and an underneuth return of Y-inch or more
fur reinforcement. All shurp edges have been elim-
inuted and when the :zize of the shelf required addi-
tional reinfurcement. Lox stiffeners were provided.
These are of Na. 16 gauge. three inches wide and
34 inches return -ecurely spotneided to the shelf.

Drawer The outside head is flat and of No.
Construction ¥ auuge -teel. Edge- are formed 1nto

a3 lu-inch hox channel zection. All
corners are axvacetvlene welded to prevent opening
of jants and ground to a shght radius to eliminute
sharp corners,

The intermediate heads ure nude of No. 20 waupe
~'lev}. Huuged bucks at sidex und bottowm. placed tightly
aguinst the outside head and electro-pluted through
the fanges to the body.

The instlde hewds are pade of Noo 1% gauge ~teel
formed ou all edges 0 that it could be slipped into
pluce after the hardware was npplied.

The bodies of the drawers were mude of No. 1S
muuge steel with <ides bent up at right ungle- to the
buttom and with top edges formed into 0 3 1i-inch
~quare box «tiffener. The backs are made of No. 16
guuge steel. and drawer pulls have 1.4-inch threaded
~hanks> attuclied to the drawer frout and held in
Ilace with nutr and lock washers. -

Progressive These suspensions ore formed of
Roller traveling und  stutionary  ~lide~ the
Suspensions Purts of which gre <o arranged that

pressure of one member against an-
other either upward or downward is transmitted
through a hardened <teel hall beuring roller. thus
causing the suspension to operate freely and without
friction. All parts coming in contact with the roll-
ers are smooth and stops or bumpers are of leather
or felt making operation practically noiseless. The
truveling members are cross-braced ot front and reur
for additiona} rigiditv. There are at least six ball
bearing milers and two Houting rollec~ to permit
drawers being essily renioved from or inserted into
the caze. .\ londed drawer may be suspended in «
horizontal position wheu fully extended.

Hanging All wall coses are supported by
Wall Cases brackets at each end of everv cup-

hoard. These run the full depth of
the cabinet and have a bearing :urface of at leust
13 inches on the wall and are made of band iron
L-inch thick by one inch wide. Fron: each hracket
two toggle bolts penetrate the wall.

Sanitary The legs are niude of 18 guuge steel
Bases formed into a square tapering tube two

inches at the bottom. with joint: oxy-
acetvlene welded. The bottoms of the legs are fitted
with a cast bronze footing, flush with the leg and
secured to same by a Yj-inch concealed bolt. To
prevent marring the floors the bottom of the footings
have been ovaled. the legs interlocking with a 3-inch
vhannel base franie and securely fastened to frame
and top by concealed fastenings.

These are made of 1Y-inch wrought-
iron pipe (sbout 13a-inch outside diam-
eter). All connections are of the ball
tvpe made of malleable iron foot plates. ahout six
inche: in diameter. All pipe is threaded into the
fittings,

Iron Pipe
Support

Finish All steel parts were thoroughly cleaned

hefore finishing. Framing parts were wade
smoath. jdate surfaces :and-papered and the entire
[roduet was treated to 1 benzine bath to remove il
and dirt. followed by a heavy cout of well haked
unneral filler applied by dipping to insyre vovenng

- ODUCED S/C/IM/Ms
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SOME SIGNS OF THE TIMES

Evidence of 24 Research Directors

Shows Research Man As Executive Head

huportinice of the resenrch man? What are the
signs of the times that indicate thiz to be the
cu~e

Researcit Lasokatory REecoro has assembled
sonme facts that reveal how, with growing celerity, the
research executive in recent vears aud continuou-ly
in the pre-eut titmes. meet: with the recognition that
1z hi~ due. not anlv through reorganization within
his enmpany i deference to the value of his services,
but by public recognition and acclaim.

Sixtyv-three out~tanding re-eurch men were queried
in an effort to assemble evidence of this trend. Theyx
were usked:

.1v To gzive specific in-tances where u re<earch
director hns heen idvanced to wu otficership or direc-
~torzship 1n his company.

12) Ta cite other executives of their companies
who got their ~tart in the laborutory.

(3) To =tate tus an imlication of his growing im-
poertance). whether the luburatory director authaorizes
purchases of equipment and materials for (a) his
laboratory (b) the plant.

(4) To offer his rea=ons if he believes that the
re-earch directar should oceupy a position of higher
executive anthority thau is Jdemanded by the labora-
torv work alone.

Twentyv-four af the-e tuen graciou:ly found time
to repiv to the que-tionnaire. Their evidence. is re-
prmduced in thi: article. [t is presented here a: a
cold and uuultered report of the belief of these
authorities. uneditarialized. unshaded, and unempha-
-izesl.  Their direct statements speak with more elo-
quence than any adornment of editorial rhetoric
coulil evnke. Tue Recoro naturaily believes this
recnguition of the research man’s all-importance is
and should be forthcoming. It will always champion
the cause of the re~earch man and is proud to offer
this authoritative evidence that industry is finding
a place for him amung the directing heads of the
business.

Specific Instances of Recognition

LSEWHERE on the puges of this article are

listed the known instances where research or
laboratory directars buve heen advanced to otlicer-
:hip~ or directarships in their compunies. Seven of
the 24 men who participuted in this conseu-us in-
terview took the trouble to -et down known ciees
Read them over. The list iz merely n bemnning [t
will sugaest dozen: of omissiuns< to vou. If vou think
of theum. send them in to THE REcuro.

Dr. L. H. Buekelanud puints out that “there .are
uanermus (ztances of prounsnent re-earchers who
ocvupted furentust po-itions in the euterprizes with

IS INDUSTRY projerly recognizing the growing

which they were eounected. I quite a niwiber of
cases they were presidetits of their eorporations. I
have auly to pint ta such wen ws Acheson, Sperry,
Daw, Narthrup. Chatle~ F. Burges-. Eidward \Te-ton,
Elihu Thowson. und muany athers.

“In other enterprises they were taken fromi the
laboratory to becorne directors nr vice president.. for
inatance. Whitnev of G. E,. Redinau of Bakelite Cor-
poration. Kettering of General Motors, Reese nf (lu
Pont. Mees of Eastaan Koduk.” Dr. Backelund
goes ot to muke this wry re-ervation: “Of curse,
all this depends on the quulifications of the research
worker. Some of them are gund enough on lubora-
tory problems, but warse than useless. even danger-
ous, iu practicul niatters or as executives.” '

OFfering Further Proof

- A FEW other general exprescions were elicited by

the questionnaire which deserve quotation:

F. R. McMireax. Director of Re~earch. Poriland
Cement Association—"The Indu~try has continued
support our rexearch work in a nmst grutifving man-
ner considering the extremely unsatisfactory condi-
tions that have prevailed.”

J. C. HostetrTER. Director. Developnient ainl Re-
search. Corning Glass Works—"Our company is very
thoroughly :0ld un the value «f reseurch and we have
technically trained men throughout our entire or-
ganization.” '

C. E. K. Mkes, Research Director, Eaztman Kodak
Company—"The relatiou of the research depur-
ment to the executive authority in any business must
depend very much upon the nature of the business,
ond euch business will undoubtedly find its own
solution. In the case of the Eastman Koduk Com-
pany. my functions are definitely related to rezearch
and developmeut. and [ have no other rexponsibilities
except those arising from my position on the board.”

W. D. Bigrrow, Director. Nutionul Canners’ .\s:0-
ciation Reseurch Laborutorie~In manufacturing
corpurations men are going out from the laboratory
to the sales department and other depurtmients all the
time und some of these men reach executive posi-
tions. [ know, too, that -ome of the reseurch direc-
tors have been miude menbers of the Board of Direc-
tors of their rexpective cumpnunies.”

Harpex F. Tavror. President The Atlantic Coast
Fizheres Compuny—"The Re-eurch Depurtment :3
repre~ented on the officiul staff of the Compuny. It
has alwuvs been and i now apolicy of thiz company
1 emplov the -ervice, knowiedze. aud kil of s it
rectnr of reseurch 1 the general ranagement i s
wilaies ™



46 RESEARCH LABORATORY

IECORD.NOVEMBER.IHZ )

PRODUCED S/C/M/Ms™

Laboratory's Part in Purchases
THE reports anthe provedure amd the purt plaved
by the ibwatory director in atnhiotizing or -
Huesseing porrchises of tertals ol coutifuuent for
thie Ldeocatory ol e Phint present an ntere-ting
aned varied set of clrcwin-tnees.

OF IS repdies t this question three <hinwed that the
directar adevara wp coveneniends purchases fot the
labipntery onlv: five wetually guthorize purchuses for
the Ldmrators anly: two authorize 1 uh laborutory
and plant purchases: =X wothorize labotutory pur-
chises and fwflurnce plunt purchuses through con-
~ultation. udvice amd testing operations. und two
detinttely heree wathing to do with laburutury or plant
purchises.

Detailed explanatinns of the niethods purued are
quoted below:

Frepertek .\. MELMoTH. Research Director. The
Detroit Steel Casting Company—"“While in my ex-
perience the laboratory has not had direct control of
such purchuse. vet their opinion and advice is al-
most invariably sought in these days. Manufacturing
control reallv denmnds that this be the case, and I
would look rather for an extension of the practice.
We feel. of courve. that it is just as esseutial to exert
intelligeut cuntrol over taw materials as it is over the

re=ultant product, and only by bringing the labora-.

torv into clo-e conperation with the purchasing de
partment can this be uccomplished.” )

Hairoto R. Mcroock, Director of Resedarch De-
pirtieut. The Champion Fibre Company—=In re-
ward to authority of purchases. the writer tukes the
re-pou~ibility for laboratory equipment. but equip-
mient for plant operution is divided in itz purchase.”

Dg. I.. W. Brat. In Charge of Geophv:ics Re-
~earch, Humble 0il & Refining Company—[ believe
it tr be general practice that the director of the
labormitory wuthorizes all purchases of muterials for
the luboratory. This is the practice in the Geophysics
Researchi Departument of the Humble Oil & Refining
Company.”

Dr. Foster D. Sxerr, Foster D. Snell. Ine.—*"Tt
i nur practice that the laboratory director nuthorizes
all purchaces of materials and equipment for his
labnratory. Our account executives 2pecify to clients
the ~wirces fram which they are to buy materials and
equiptnent. We therefore recommend materials and
equijnneut to probably a greater extent than the aver-

awe lubmratory.”

Cuarerz A, Lexy. Chief Chemist. Cun~olidated
tiae Cunpany of New York—"Our luboratory does
not attemypt 1o ~pecify the source of purchase if the
item i+ of <tandard quality or covered by :pecifica-
tinn. We do indicate the source of purchuse of spe-
cial iteni= nut falling within the above clus-ification
and 1 per-anallv feel this to be a wise and justified
practice  From a campuny standpoint I feel that it
1< desiranle (0 encrrage conipetition 1n purchazes to
whatever extent i< warranted. but this should involve
cansideratinns of relinbility and <ervice 1 demon-
strated by prior dealings.”

G J Fivk. Director of Research. Nutional \uni-
Hate Fur|mm[inn_—"l am alad o sav that onr came

iy ],lm-h upran the |;|h||':llﬂl‘}' the rL-|mu-ihili(\'
for purchases of material and equiiptient fag 4}l of
fur proce-<ez. which have not been thorourhlv <tand.
a.;'u!lltd m tespect ta these it und thi- respminiefs
bility is continnel uadl the proces can be tipned
wver eompletely 1o the wperating departimeut, il
even alter thut period. ull raw mnterinls ure unnivzed
wned all hutehes peaduced in the plant are analvzed
befor.e being used. in the first cuse. or befure ‘hi!:’{'?‘l
vt in the <econd cuse.  This svsten: hns reulted in
i very mrked impeovewent in quulity of pronlucts
ut] has l‘?'l’?d us in the s~tandurdization of oup
treatments.”

Dr. Norymax . SHEPaRrD. Director ot Cliensical
Research. The Firestone Tire and Rubber Com-
pany—-We authorize purchaes of our own w=uip-
ment und nmiaterials fur the laboratory.  A: far a« the
plant goes. the approyal of all materials is handled
by the coutrol laboratory. which tests all these niate-
rialz to specification and approves the sources of ~up-
ply. The re~earch department enters into this phu-e
of purchusing only on new and unusual waterinis
which have not been previouslv purchased. or when
there is sonie controversy regarding the quality of o
recularly used materinl. The research laboratary
und research director act lurgelv in an udvisorv
capacity nt Firestone,” .

G. E. Jouvxsox. Manufucturing Division. Fair-
banks. Morse & Company—"Our Laboratory Direc-
tor approves. but doe: not authurize the purchus«l
material used in our equipment. [u other words. wur
laboratory nperates us a part of our Engineenng le-
partment and i under the supervision of that e
purtment. which department likewize warks very
closely with our Purchasing Departmment in the
~pecifications of any materials or equipment 1 le
u~ed in our product or our plant.”

Jasies C. McFartaxn. Technical Superiurendent.
The Wadsworth Watch Cuase Companv—-[n our
plunt the Laboratory Director suthorizes purch.-e
of material und equipment for the luboratory .ud
~t: and enforees :pecifications for material- pur-
chused for the plunt. I believe that this prictice is
somewhat general in this ternitory.” (Davtn. Kea-
tucky.)

D W. H. Basserr. Metnllurgical Manager. The
American Bruss Company—"The directar of r~varcls
propame= the ninterinl which is to be purcluveld o bi-
Inborutory und advises in regard to purchuse fur the
plunt but gives no authoriztion.”™

De. Mezs. Research Director. Eustmnu I«lak
Company—"The tinal authonization uf purch.ee tor
the laboratory aund the plunt liex with the weneral
wunager ruther than with the director of the luix.ru-
torv.

D&. ArRTHUR D. Lirrre. Arthur D Litde, 1o —

“The re-enrch director doe: ardinurily puss w joar-
chuze~ of equipnient and iaterials for his laberi oy
To what extent he mav do -0 for the piant I ..
kuow. but T would expect that ordinariiv ot ne

in othier hands except in those -pectar v~ vioch

relute 1o equipnient for tiew proces-e-
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TTriex FoTaveor, President. The Atantic Const
Fishieries Conpuuny—-The re-earch department does
teet ettt voatine analvticad functions for check-
i the puarchinse of supplies. We Bod it cheaper to
hoove sl donadvtienl work deme outside for -ieh
[revwliets o coal, paper. and the like. el enaploy oat
Heseareh Departinent as o Research Depusrtnieut suly
for any of the new [ruce==e~, which usually .-peciﬁes
the kil sl quadite of materinks w be used.”

*. K. SRINNER. Assistant Director of Engineeriug,
Westinghionse Electrie & Manufucturing Conupany—
“The execwtive iu chinrge of our Research Labuomu-
taries - alwuys leen re=ponsible for the purchase of
cquipment andd material for the lnboratories under
the budget provizion. but the budget is of coure.
always -ubject to the approval of the executive of-
ficer= of the Compuny.”

De. Ciarekes L. Reesk. Vive Pre:ident and Direc-
wor. £. T.du Pont de Newours & Compuny—Direc-
tor of Resenrvch iz usually authorized to purchuse
equipment and materinls for his laboratory up to cer-
tain limits. and his authorization is often required
tor purchase of equipnient in plantz.”

. H. E. Barxarp. Director. Corn Indu-tries Re-
senreh Fouundation—"I assume that every director
wha i~ Jdirecting anvthing has pretty complete au-
thority in the matter of purchasing equipment und
waterinls for his luboratory. When it comes to pur-
clwses for the plant the situation is changed ome-
what. but au intelligent nmuagement will natueally
consult the n=enrch directoe”

! Frankt . Jewetrt, Vice President in Charge of Development and
Retsarch. American Telephone sad Telegraph Cempany.

!
| Waiter S. Landis. Yice President and Chief Technelegist,
Amaerican Cyanamid Campany.

M. C. Whitaher, Yice President. American Cyenamid Com-
peny.

L H. Backoland, President. balelite Carperation.

|

! Willis R, Whitney, Yice President in Charge of Ressarch. Gen-
g eral Elactric Campany.

|

I

i

Lawrence V. Redman, Yice Prasident and Director of Retsarch.
Sskelite Carparation.

' . Charles L Resse, Directar, E I. Ou Pent de Nemourt & Com-
pany.

de Nemoury & Company.

George O. Curme. Jr_ Vice President. Carbide end Carben
Chemicais Corparation.

|
i Charles M. A. Stine. Directer and Yice President. £ I. Du Pont
{
1

Charies F. Kettoring. Vice President. Genersl Motars Corpora-
hon,

! Eart P. Stevenson Vice Prenident and Director Arthue D. Littte,
Inc.

0 SOME RESEARCH DIRECTORS ELEVATED TO COMPANY OFFICERSHIPS 5

. D.E. Rereocte. Chief Engincer. De Fore-t R.ulin

Company—=All new materiuls used in our plant are
-1«--1231«-1 and wnrdered by the resenrch cutineers
Reutine re-orders of materials are tken care of Ly
the Purchinsing Department.  In our own plant sl
!ll Hlllel‘ [|h|“(.~ we (antact we ﬁﬂd there is an il\L're;u.
ing tendeney for the resenrell nn or engineer (o
“pecifv the materials he intends to use—often «peci.
fving the particular company in which le has the
aveatest ennfidence. [t is only in this way we ure alile
1o [ore~ee difficultie- that muyv he enconutered by the
intraduction of new muterial or changes in materiul-
tn the plunt.”

A. L. UBrowy. Director. In-pection Depurtnient.
Assuciated Factory Mutual Fire Insurance Coni-
{anies—"In our own luborutories the directar st
uuthorize the purchases of all materiuls und equij-
ment. In our case we do not have oceasion to pur-
chuse nterinls. for mundfacturing at plunt pur-
[ul-ei..'

Other Proofs of Research Man's Importance

N ADDITION to the elevation of the re-earch
man.lo positions of executive importance in in-

dustry some of the replies to the. questionnaire per-— —~

duced other iuteresting indications of this tren
towurds recognition of his growing importance. Dr.
Little offers as a <trnng bit of evidence “the exceed-
iug frequency with which research directors ure in-
vited to speak before organizations and gutherings of
business men. clubs. ete.; the appearance «f such
bouks as ‘Tudustrial Explorers.” by Halluud : Science

Iranee dv Pent. Yice Chairmen of Beard, E. 1. Dy Pont de
Nemours & Company.

-Citet 4y Or. Artowr O. Litlle

A. M. Ceste. Yice President for Engineering end Research.
The Atantic Caort Fisheries Company.
—Cited by Neroes £, Teyier. .

S. M. Kintner, Vice President in Charge of Engineering, West.
inghoute Electric and Manufacturing Com u!.
—litod oy Or. C. €. SAisaw.

IN THE OU PONT ORGANIZATION ALONE:

William P. Allen, Yice Prosident and Director.
H. Retcher Srewn, Yice Prenident sad Director.

Jasper £ Crane, Yice Prasident. Directer and Mamber of the
Ezecutive Commitee. '

W, F. Harringtea, Yice President, Dicecter and Membar of the
Executive Committos.

Fin Sparre, Oirector.
E. G. Rebinsen, Generai Manaqer of Organic Chemicah.

J. W. McCay, General Maneger of Explosves Depactmant.
—Clioe by Or. Charbes o Reete.

C. J. Pattenon. Oficer. Campbail, Taggert Baling Industry.

G. Cullan Thomas, Yica Precident. General Milly. tnc.
—Clios vy Or. M (. Sarsere.
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in Aetion.” by Weidlein und Hamor: *Chemistey iu
Industry. by Howe.”" He refers alsa 1o the 1930 and
1927 taurs arganized by the National Re-earch Counn-
cil far the purprme of tuking bankers and exveutives
to tndustriad reearch labneatinies, = Tlhere are iy
resrets why Je s wdvantazesas 1 g corporation 1o
awdvanee its researcll directer 10 executive pe=ition
ot toadirectorhip.” <tate- Dre. Little. -~ Perhap- the
fundaimental ane i« that he Lrings to ¢ither office the
setentific point of view und o specialized kuowiedge
of the technival acpects of the eompany’s atfairs.
Processes and proclucts.”

Taking the opposite view Dr. Bassett «tatex that.
A research dircetor may be promnted to n position
of hizher executive authority, but if this is done he
would be unable to eonduet his regular line of duty.”

In the opininu of Dr. Reere. "every lurge company
with a number of directors ~hould have ut least one
chemist on its hoard of directors, and alse on its
cxecttive eomuiitiee. since many questions nnturally
come np which require the knowledge and experience
of a4 chemi~t. Of course these can be discussed with
the chemical directors by n non-technical hoard. but
it i< much better to have men on the board with ex-
perience to enable them to discuss these questions,
rot. as an advisor. hut as an actual member.”

Dr. Burnard believes that. A research director

whose field of work is limited to "the™ luboratory -

nperatious would not be a successful director very
long. His value may be in part due to his scientific
ability but even mwre important is the successiul
application of what he knows and what he discovers
to factory production.”

Recognition of “Industrial Explorers”

HIS entire subject of indicutious of the growing
importance of the re~earch man" grew frowm a
conversation in which coujecture was made as to the
~urprizing advance- mude since 1928 by the subjects
of Maurice Holland's and Henry F. Pringle’s ~In-
dustrial Explorers.” Wheu this volume appeared in
the Fall of 1929 it wus extenzively reviewed through.
out the techuical trade and lay press. Some 300
~clippings are an file in Mr. Holland's office at Divi-
-ion of Encineering and Industrial Research of the
National Reseurch Council.—an unusual publicity
volume far a cluss reader book. It is interesting to
follow the history of the men whosze place in their
respective niches in the Hall of Fame was noted in
the chapters of this remurkable book. The discovery
of the udvance- made by the subjects zince its issu.
ance four veurs ago is the best possible proof of the
growing recogtion of the research man. both
through public honor and acclaim us well as through
promotiou within their own compuanies. Here are a
few indications:

In the veur fulluwing the appearance of ~Induz-
trial Explorers.” Dr. Jewett was: awarded the Edizon
Medal of the Amencan Institute of Electrical En-
gineers for diztinguizhed achievement in the feid of
communications. He has ul:o been awarded the
Honocury Degree af Dactor ol Science. University of
Chicagn- Honorary Degree of Doctor of Laws, Miany
Universitv. and the Third Order of the =zucred
Treasire. Empire of Japan

Eliser A Sperry wae made  president of the
.\m‘«nr:m octety of Mechanicnl Eugiveer< and
chairmun of the \merican Conurittee of the World
E”"’“'m‘.'“.""! Congree. field fun Tokva. leader of the
miost distingui-hed  delegation of rrofesional e
piieets ever y leave this country in w hody.

Dr. Litle was clected pre-ident of the Saciety of
Chensical Tudustey ( London ). aue of few \mericans
to due s honoeed. e lias roceived the Perkin mwlal
atel the decree nf Dactor of Setenve fram Tafe Cal.
lewe and Columbin University.  While in England
in 1929 he received the wume degree fron Mancheter
Cuiversity and wos made Hotorary Associnte of the
Mancheter Collese of Technnlngy

Harden F. Tayvlor. wha was vice president of AT
luntic Coast Fi-herie: at the time the book wa:z writ-
teun. ltus been advanced o president.

Dir. Bassett. a vear ar two ufter the hook was writ-
ten. was made president of thé American Iustitute
of Mining & Metallurgieal Engineers amil i= vice
pre-ident »f the American Saciety for Testing Ma-
terial. )

E. C. Sullivan. vice presideut of Corning Glas: in
charge of research at the time the book was written.
has since been niude pre~ident of that company.

Dr. Barnard. prerident of Auecdcan Iustitute of
Baking at the time was luter appointed to the Ji=

“-tinguished post of director of The \White House Con-

ference on Child Welfare.

Since the date referred to Dr. Ree<e hus been
elected vice president of the International Univn of
Chemistrv; vice president of the Print Club of
Philndelphia; member of the Raven Saciety of Uni-
versity of Virginia: honorary meniber of the British
Institution of Chemical Engineers: fellow of the
Roval Society of Arts: member of the Visiting Com-
mittee of the Bureau of Standards: und chairmian of
the Roard of Directors of the American Chemical
Snciety.

Geurge D. McLaughlin. Director of Research of
the Tanner’s Council of America. was called to an
important post as an executive in the Tuoning In-
dustry.

C. E. Skinner has received other recognition -ince
192§, He was sent as a delegnte to the World En-
gineering Congress. On June 1931 he was awarded
the Lumime Medal. given by Ohio State University
tn an alumnus of Ohio State College of Engineering
for meritorious achievement in engincering. It was
the first presentation of the Medal after its e=tublizb-
ment by the will of the lute Benjumin G. Lamme,
Class of 1383, Ohio State. and for many years chief
eugitieer of the Westinghouse compuny. Mr. Skin-
ner also wus elected president of the .\merican In-
-titute of Electrical Engineers for the 1931-32 term.

This possibly does not repart every honor und ad-
vancement that came to each of the subjects of Mr.
Holland': book, but it serves to strongly indicate the
treud towurd recognition of the leadership of re-
-earch men.

Fuor slauoeation of this 1opie vee -

trreams and Realltles L. H. Reskelapd. Juurnal of (hemnal

fduostion. Yol 1 Naow

I'aces 242 940 Tbe CBenniar.” Harten F. Tarlne

“tuaustrial £xplorers.  \laurtce Hutlaod and Heney F. Princts

Sctence (0 ALtive T Wenllewn and tlamar
U demstatey in loduscey, ilywe
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Julivs Stieglifz

HE preparation of Stieniitz fur a life of re-

I ~eurch was the best the world atforded at the

time. in the eightiem=the public ~chuols af

New York Citv. the gyvmnasium of Katleruhe. Ger-
many, and the University of Berlin.

The New York City tmining in his [ormative

vears mve him the .\merican viewpoint that made

him the natural choice of the Amertcan Chemienl -

Society for itz President in the year of .\merica’s
entrance into the Greac War. The vears in the
Kurlsruhe gvmuasium gave him dizeiplinary train-
ing in the fundomentals of clear and intelligent
thinking—a pructice he has continued to thiz day.

In the Universuy of Betlin, then the world center
of chemistry. he attended the lectures of eminent
chemists but his real interest was in his recearch
work under Professor Thiemann. Dr. Stieglitz has
a~cribed much of his <uccess in solving chemical
problems in the complex fisld of organic chemistry
uot only to the thorough training of the German
avimnasium but to initiative and the feeling of
re~ponsibility for his own advancement and success
that were developed by freedom from direction while
carrving on his thesis work.

On his return to America he worked for Parke,
Davis & Compuny but indu«trial work proved un-
conzeniul and he soon resigned and took a miner
po-ition in the Department of Chemistry of Clark
University,

When The University of Chicugo was founded
and in 1892 took the lenders of the Department of
Chemi~trx from Clark University to temparary
labaratories ut Chicage. the young Stieglitz ~wu~ed
the impnrtant role that the new university would
plav in the chemical world and went along thouch
lie wus not offered o regulur position. He was given
the opportunity to work and teuch, but’ without
salurv a: a Docent. How many young men who
have had three vears of chenicul experience bevand
the Jdoctor’s dearee taday ek teaching po-itions
without alary!?

Dr. Stieglitz’s eariv teaching at Chicago was in
tnaiviieai chemusiry but hi- re<enrches were prinar-
tiv and prefembly in the feid of nrzanie chemiatry
wiere the new and famuard-ivoking ideas of phv-
-ieal chemuztry ¢auid be anplied. Equilibnum reac-

STIEGLITZ
THE
INVESTICATOR

By Prof. RALPH H. McKEE

Depertment of Chemical Enginearing,
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Calumbis University.

Ralph H. McKee

-

tions, ratex of reactinn-, pIl relativn=. ruther than
preparative methnds were fmportant in the-e re-
~earches of Stieglitz and hi~ ~tudeuts.

Honored. but overwnrked. by the manvy -tudent-
who wish him to direet their rescarche< leading w
the decree of Dactor of Philo-aphv, he has for mare
than thirty vears eontinued with their lielp aud (i

afw-few =peclally trained a3i-tuiit< the <ty of the ™

general mechani=m of orgunic reactions, the theory
of indicator color changes. and the study of new
organic niedicinals,

How He Chailenges Work

LWAYS low voiced and never in a hurry. often
encouraging but rarely critical. he can get 4
remnrkable amount of work fromi the student. The
writer recalls a conference 33 veurs aio when cer-
tain work was plunned and os he left. Profeswar
Stieglitz quietly said. “You can finish this by the
last of next week.” It was not an order. [t was 1
challenge as well as a statenient of what was ex-
pected. To fail would implv that the student had
insufficient abilicv and the failure would be a di-
appeointment to the professor. With such inspiru-
tion every effort was put forth to complete the work
by the date suggested.

His broad knowledge of chemistrr and it variou:
phases has brought him tn believe it the most impor-
tant of the sciences. This view iz well expressed in
hiz statement that ‘“‘chemistry as the fundamental
science of the transformation of matter must be u-el
more and more to insure progre<s.”’

His view of one of the supreme problem: before
the chemists of toduy may best be given in his nwn
words. “Its goal is to dizcover or prepare pure
specifics to destroy invading germis and thus cure
lizease . . . .Anv advance made is made for all time.
for the benefit of all . . . I: not the whole history af
civilization evidence that the wmind of mun.
directed on idesl:. is more powerful in sileviainz
ill than Nature ever was or 15, in the blindues
her work?”

Eiitors Note—The Doreaiher instalimeat .
wiren il find Dr f\'“r{ T (\l,mph.u‘ ])1"-"'"" o
Mazmichusetta [natitute af Technnlogy, nriting ol

Dr. Hugh Tayler.
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RITING :ales literuture wmy seemn u little
anr-removed from the usuul activity of the

Research and Engineering Staff of a nuuu-
facturing concern. and often the members of thi-
Jdivisien wish it could be farther removed. There
are included in the varicus tvpes of literuture pub-
lished by maunfacturers. two hroud mediums through
which a membier of-the Re-eurch Departnient may

expre= his ideas to distinct advantage: nanely eatn—---

log~ undd directivas.  The descriptive leaflet or catalog
de~ctita~ inn detnil the product available for the pro<
pective purchaser. Directions for use go to the
customner with the item und tell him how to uze it.

Sale- voliune is uffected to u marked degree by the
tvpe of printed muterial that precede: us well as
acconipanie the delivery of the product. The mag-
wittde of the =iles volunie may be nszed us a conveni-
eut tvpe of varlstick enabling the research directar
to mewsure i wav the praductivity of his division,
From thiz it iz upparent that the Research Depart-
ment ~hould be willing to accept its share in the
re~ponaibiility af writing suales literature.

The ta=k of producing literature is by no meaus
a ~imple nue. Writing the munuscript is one phase
of the project. but maximum value of printed matter
i~ ihmerveal whern it is distributed at the proper time.
1€ i~ advisairle. therefore. to utilize some <art of fol-
low-upe it onler to prevent any possibility of the
product remaining inactive on the shelves due to
lack of Jdistnbation of printed matter.

System of Preparing Literature

HE Buou~h & Lomb Optical Company conuduet-
4 wide prgram in the development of scientific
tstrwment~  Tu wldition to the -pectacle lens and
frame sule=. it engevs the sale of u large variety of
hishiv technweal instruments. ~erving practically ull
peofesinnal, ediucatinunl aud industrial ueeds. The
cernpany b o operation an effective svstem of [re-
partng and nating m.muwrip(- uece<sary for witro-
dnctg sl acennipanving new products. This -ve-
fenr requiringe but litle effart, suceeeds in peoducine
Htevatnre wath o consaderande dearee of satisfacten
At jrenitine-
Toooeral, the advertising <taff af aomaouafeour-

LITERATURE

By A. W. ANDERSON

Supervitor, the Literature

feuich § Lomb Opticsl Company.

ing firtn is not alwaye in touch with the fuctory pre-
duction schedules. [t remains the duty of some ouie
divistion with access to the neceszary information to
coordinate the Development. Production. Sales. .Ad-
vertising and Printing Departmeuts, so that literu-
ture will be on schedule.

\With our compuny the Research Division tuke: the
iuitintive in the establizhment of new products and
nlzo originutes the move for new printed matter.
When the last <tep is taken in the official authnriza-
tion for munufacture of a new product. there is isstted
froni the office of the Research Manager, and directed
to the designer. a form (Fig. 1) giving =ome history
relating to the progres: of the project. with u regue-t
for certain literature. When the Production Depurt-
wient has received u promise date from the fuctory.
the information is relaved to the Research Mutuger'-
attice. If literature has not been submitted by the
tiie the promize date i3 received. the same foru i-
again sent out. with the added information regurding
the factory promise date. This serves as a pgentle re-
minder that time is getting short and the manu-cript
niust soon be submitted.

Advertising material is not entirelv technical iu
its nuture und therefore the write-up as supplied by
the Research Department is not taken as a fini-hed
product and -0 put in print. The Sules and .Adver-
tising Departments contribute their share in the
uumber of points that have been set up as o guide to
the editing of the company's sales manual. Four-
teen points have been listed under two heading-.
natiely Technical Data and Sales Data. The firt
requert is for the Technical Data. which is to be writ-
ten by the Reseurch Department. und is expected to
ciubrace the following poiuts:

1. Definition and General Description
2. Purpose and General Functioning
3. Distinctive Features

4 Lquipment Applicatiou

3. References and Bibliography

Thie unnuscript covering the foregoing point: 1=
theu ~ubmitted to the Research Director’s ntfice. It
1~ next forwarded to the Sules Department with o re-
que=t that «teps be taken to add to this Technici
Dt wateriul of ~uch n nature that it wiil complete

THIS LABORATORY
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the ~tory. The points that ~hould receive consideta-
tion are listed u~ follows
8. Market. Prospective Users. Buvers
7. Equipment Photns with Lereud
S. Accessory Photor with Lezend
9. Sales Points witk, Advantages
10. Comparison with Competitors Products
11. Meeting of Objections
12. Demonstration Method
13. Specifications, Terms, Price and Delivery
14. Placing nf Order
The request iz made by uzing the <wne form as
<hown in Figure 1, and gives the Sules Department
further dates 0 that they know when the literature
nust be ready.  Using the Technical Data as a basis
and supplementing it with the Sules Duta supplied
Ay the Sales Departnient. it iz nnw -ent to the Ad-
vertizing Departient. who whip it into final shape.
This =tep cry-tallizes the write-ups and results in the
attractive leatet. booklet, folder or the sort of thing
the firmy needs w0 advertize its new product.
The Advertising Depuartment is advised by the
Sales Depurtment as to the dute de-ired for the pro-

- >

To tThe Designer)
Sublect (The project 1a case)

New Unit Pragren Remarks

Samiple Approved ... ... ...

Fartitunie Approvedt ........

Authorization Approved

Producttan I'roailsel ... ...

Directians for Use
tPacking. Unpackiog and Set-
Hepuie=d F N . tiog-up
{Tectnique snd Maeaipulatioe
{Adjuntiag
(Trouble Skootlng

Nut Required . ... ... ...

RYUOTT 28]

Technicol Data

{DeBaitions aad General De.
scriptioe

(Purpnse sad Geaersl Func.
tioolag

Dtutincrive Features

tEquipment Apgplicstions

(Refrreace and Bibllograpay

Requirwed .. ... ..o,

Not Requirsd ..

Sty L

(Market. Prospective Csers
Burers

1Equipment Photos with Leg:
end
tArcwesory Photos with Leg-
end
iNuiey Palnee and Adrantages
. (+"urmpsriron with Coapetitors
l Primiuct
«\eering of Odjections
tDemunstration Method

ixpecifirnrions. Terms, [rice
& Lislivery

(Itacing ul the Qtder

Sales Data

Figure

- - -
Description of Laboratory *

Basich & Lemé Dprcdd C.mpany cLenser qad
Opucat [fsicamenyy

Sciantific Bursau

Research Staff: W. B. Rayton.
eleven aptical engineers and seven
assistants.

Research \Work: Development
and use of optical apparatus,
ophthalimic optics. pbotogranhic angd
projeciion apparstus. range finders
and all tyvpes of opticsl measuring
nstruments.

Chemicel Laboratary

Research Staff: F. P. Kolb. three
them'sts and two assistants,

Research Work: Emery and
rouge washing sad gradiog. grind-
ipg and polishing., experiments,
cements, fillers, glass washing. glass
silvering, metal plating aod il
progress control problems of chem-
{csl natuYe.

<>

Ceramic Laboratory
Research Staft: M. R. Scott, ane
ceramic chewntst and one assistant.
Research Work: Problems con.
nected with the manufacture of op-
tical and colored glass.

L4 -

duction of printed matter. This is derived trom in-
formuation received by the Sales Department fro
the Research Manager's office.

Research Department Supervises Literature

HE question might be raised as to where the Ad-

vertising Department comes in. . \ilverti-ing
specialists produce excellent literature in numernus
and attractive forms. But the advertising =taff i« uat
always in a position to be {ully conversant with the
tnore technical side of a particular new prduct or
the technical tie-in with other productz of the firm.
The man who writes copy cannot be expectel to be
a research associate and know the new product a-
fumiliarly as does the scientist who has workel.
plaved and dreamed his problem for n eon-iderable
peried of time.

It is a reasonable request to make when asking the
scientist to develop or improve an item in the -ui-
listing. that he also consider writing the desenptive
matter for that development. Obviously. this wun
knows the item better than anvone else. and shonilil.
therefore, be drafted to write the manuscript.

The scientist must exercize judgment wheu writ-
ing for his familiarity with the product iy ailow
him to leave out many pertinent thoughts that .-
penr unnecessary to mention. These thought- v
appear obvious to the technical man, but are ju-t the
items necessary for the purchaser to help him nuike
up bis mind. It is sometimes possible that the .-
signer is prejudiced to the extent that he nuy nive-
rate or over-rate his own work. The thoucht 1
the research worker must hold uppermost in his i
while nriting is the degree of technical deveinpue
of the person who iz expected 10 use the pruin. -

Literature should cot be printed = far v
the production of the product that adverti-tny -
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IMVONory ic pelleesly jnerensed before there is u-e
fur the nuterial. or o that peo-pective purchuser
mast e advised after receiving literature that the
produnct will nag bwe available until some Liter date.
Lo like wnner, Bieer wure <hould not e debaved =0
that <toek Hes 30T an e waeehouse shelves until the
stieut sadesimen eredd e depand nesessary for oy
ing the praduct. Praduetion promise dates, i su-
prhieel by }ll" Recvarely Manager - affice. in an attempt
o evordinaite Sades, Advertising and  Printing De-
purtments = one way of assuring the prowpt supply
of literature, '

It is ap to the Sules Department tn determine the
quantity of printed matter to be mnde up.  This i
abtained from u eomplete nailing list that i kept
active by the Sules Depurtisent.  This list 15 divided
by the tvpe of purchaser <o that ane group get: one
type of literuture. a ~econd group gets u zecoud tvpe
and a third group muay get hoth types. ete.

Writing Directions for Use

RODUCTS -houid be accompanied by apjro-
priate Directiens for Use™ whenever the product
i= of ~uch a unature that directions are required.
The-e directions must be ready to go out with the in-
strument when the product is shipped. Nothing is
more discotcerting ta a purchaser than to receive the

product and nnt know howig properly fet 1t ipTor T

how to aperate it carrectly. or put it into adjustment.
These four points are covered by the directions:
. The packing. unpacking and setting up.
. Techuique and Manipulation.
Addjusting.
4. Trouble $honting.

It i« obvious that if these points are to be adequately
aud correetls ¢overed. the tmember or members of
the Re-earch Department responsible for the devel-
opmeut nf the new product must write them.

Requesting munuscript for the Directions and the
subrequent writing of the manuseript is done in the
satne way as for the sales literature. Sometimes the
Directions ure utilized as sales literature and in that
case the manuscript ie turned over to the Sales De-
partment. o thut thev can make distribution of this
coihination piece of literature. However. in miost
case< the directions are considered as part of the
specifications of the instrument itself. They shouid
be attractive. but not necessarily showy <o that they
are in commnpetition with the descriptive literature.
Thev :hould be mude up as a serviceable card. book-
let. or whatever the need indicates. Directions must
be accurate. Cure should be taken not to have the
directions written in such a manner as to be over
the head of the operators. On the other hand. it
must not ke mude too elenientary, thereby insulting
the intelligence of the purchaser. The use of photo-
graphs always enhances the value of directions for
use. The photographs are of a different type from
tho-e used with the :ale: literature. in that thev
should be action pictures. For instance, in photo-
graphing instrunients, it is well to show the hands
inserung a purt or making :ome adjustmeat. Line
dravings and :chematics are also valuable to the di-
rections for use. Iu the :me way that judgment

o o

~hould be weed in the writing of welinical daty jor
the sules literature. the prejudices of the desjuner
hiust e vverlonked, - that cerlain features of the
ustrament, as far ue uller:llilln is cotvernied, Wre qiet
favared,

Submitting to Other Departments

FTER the directions for nse have Ieen enupleted
by the de=iuner. they -hould be submitted 1o
uthier peuple in the srmanization: for instunce. the
Sales Depurtment wid the Inspectinn Department.
fur their tmpartial mnl valuable eriticisa. Having
others loak over the directions will help insure
against the fault of having the direetions wpply anly
10 the re~enrch type of individual. us waus the writer.
The Sule~ Depurtinent cun watch fur pos-ible addi-
tions of notes and use of auxiliary items, und iu the
same way the Sales and Sules Service Depurtinents
cun caution und correet the use of language which
may nrouse unwarranted sales resistance,

The ~nme follow-up system is used to in-urc get-
ting the directions for use out with the instrunient
ut the proper tinie. One feature in the priuting
order for directions differs fron: that of the <iles
literature. in that the ordering is done hy the Pro-
duction Department from specifications. as is the

ardering of the instrunient. instead of the Fales De-

partment onginating the order. This is done to
prevent a large stock of ohsolete directions from ac-
cunulating, because it is sometimes considered just
us cheap to print 20,000 as 500. Quantity printing
is economy if no changes will be evident on ordering
the second lot of the instmmment in the factory. hut
often directions must he altered. as well us the in-
strunient, after the first lot has been out and sugges-
tions have come from the field. This leaves the cor-
rections of instruments and directions up to the
Bpecifications Department. .

There are other types of literature in which the Re-
senrch Division is also interested. such as the periodic
publications of scientific ubstracts. .\ good many
time< the research man or the designer writes tech-
nical articles for technical papers and presents them
before various technical organizations. Also. maogs-
zines. or the house organ. require articles written in
the language of the interested layman. Theze items.
being of & special nature. do not require any type of
sxstematic follow up service, as do the items discu-sed
in the foregoing paragraphs.

Following the rather simiple procedure outlined in
the foreguing paragrsphs, the Bausch & Lomb Op-
tical Company produces well-prepared literature writ-
ten in the languuge of the consumer. und availuble
on time. [t hat come to be considered not only 2
responsibility, but an added privilege of the Research
Department. Ambiguity and misunderstanding deul-
ing with technical subjects iz prevented from finding
itz way into our literature und in their stead we have
accurate and frank discussion of scientific achieve
ment. The zet-up as brietly described here nisy not
be applicable to all firms. but we find that our re<ults
have justified our continuing the :vitem. and we
lope others may find :onie -uggestione of meric (f
the foregoing.
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STANDARDS OF TEMPERATURE

8 IS well kunwn, temperatiire expres-e« the
A dearec of warmth or coldness af a by, Two
badies are <aid to he at different tenipera-
tures if one becomies hatter and the other cooler when
brought in contact. The last <tatement is u simiple
definition of temperature.  That is. temiperature con-
teals the flaw of Jieat. und it i~ samctites defined as
the intensity factor of lieat energy. just as voltage.
controlling the How of electric charge. i~ called the
inten~ity fuctor of electricul eneruy.

Change ol temperature procduces a greut variety of
changes in w bady. The color, size. pre-sure if the
body i~ eonfined. clectrical reststance. maunetic prop-
ertie<. cuntact electrimotive  force—all undergo
changes with the change of temiperature and have
all heen u<ed (o nien-ure temperature change. In-
deed. to date. the ouly property of a bodyv which has
not beeu found to change on heating or cooling is
its mass: and from Einstein’s muss-etiergy equation.
thearetically, even the mass should increase on ri-e
of tempernture. but the incremeut is far too -muall to
be detected by our present wethodz of meusuring
mass. delicate though thev may be. This universal
infduence of temiperature on physical properties em-
phasizes the necessity far temperuture niea~urement
and control in all scientific mewsurements and indus-
trial proces=es.

Establishment of a Temperature Scale

WO conditions are c-~ential to the e~tabli-hment
of a temperature scale:

(17 Two bodies at different temperutures must
be available and it must be possible for uny com-
petent and properlv-equipped abzerver to reprnduce
the-e two temperatures at any time and place.

(2) Tle temperature interval between the<e two
fixed temperatures must be divided into u convenient
number of steps, or degrees.

Ao instrumient used for interpolation between the
fised points i3 termied a thermometer if uxed at
onlinary temperutures and a pyrometer if used at
elevated temperatures, although these termis are by
no nieans universal. Thus thermnelectric pyrometers
are ommonly called thermocouple~.

The temperature meusuring instrunients in ordi-
narv u-e depend fur their action upon the change
of :ouie physical property with temperature. [t might
be pointed out that inother <v-tem of thermometry
is possidle. one founded upon the weasurement of
quantities of hent rather than upon the chunge in
somie phviical property of a -ubstance  ~uch a
method i+ too wconvenient for ardinuary use. ai-
though it should be noted that the thermodvuanue
scaie of temperature «~ee below) iz huzed e ~ach a
methiod and this «cale has the very desirahle progerty
of being independent «f the purticular phy-ical jwop-
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er(.iw wied  the charavtenistice of thie subetinee,

The two fixed temperatures used in the establish-
et of all temperature ~cules are the freezing afil
';'Ulhllf_' points of water under standardized condi-
tions. These were fixe:d eurly in the Jdevelopuient
ul thecmomter seales. the athe r-. sueh a- the lelaeris
tures of ~amimer and winter. the temyprriture of meli-
ing hutter. cte.. having been tried and discarded fur
ane rensan or annther. Fahrenheit. the tiermun
maker of meteorclogical ins-truments, was the first
10 u-e the fixed points of {reezing nnd bailing water.
The inconvenient numerical values of his =cale are
a survival from one he used in zome eurlier wark in
which a mixture of ice. water anid -ea salt (Q*F)
and the body temperature t(appr. 100°F) were userd
as the fixed points. The Centigrade scule was intrn-
duced about 100 vesrs luter. in the middle of the
eichteenth century bv an astronomer. Celsius. und
lias supplanted all ather tvpes in scientific work and
is in common use everywhere except in the Engli:h
-peaking countries, where the Fahrenheit ~caie still
prevails. and in Germany. where u scalé due 19
Reaumer which divide: the range Letween the freez-
ing and boiling points of water into 30 part: is ex-
tensively used. A certain temperature mav le
expressed on the three scales as follows:

= 3,9(4=-32) « 354,

The universal use of the Centigrude -cale in the
lnboratory along with the coninion e of the Faren-
heit =cale in the plant has inade the quick counversion
from one ~cule to the ather a decided convenience.
Therefore churts and tables for such couversion are
in common use. One of the hest methods is that
uzed in the Suuveur tables. which uzes three columns
of ficures. the middle set being the teiperuture to
be converted and the left und right the curre~ponding
*C and °F respectively.

Liquid in Giass Thermometers

THE temperature measuring devices inn commeon-
et uce are liquid in glass thermonieters. Their
wide u-e iz due to their conipuctness and low cn~t
af muanufacture. Furthermure. since liquid: in gen-
cral have much greater coefficients of expuusion than
<nlids. such thermometers can he made of almest any
desired sensitivity merelv by proper choice of size
of bulb and capillary stem by which the expansion
is made appartent.

For such thermometers mercury is used in prac-
ticullv all cases for ordinary temperatures because of
it lurge and fairly uniform volume coerficient nf
expansion. its low freezing point (<40°C) and high
holing point (336°C) muaking a wide wurkiug
range. its high surface tension o that 1t does not
clivg to the glass. 1ts opueitv and huel redecung
power <o that it = rendily vi-ihle.

Fur low temperatures toluene. alechol or pentance
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iy b sed it tcd of mereary, the freczing points
af which are 20730 112370 qnd -200°C respectively.
\ snadl oot of dve i frequently acleded to render
the ]i|||lill Vil - )

SHIee Terease of prisstre raise= the hniling pninl
of w bouids the upper range of the wereury ther-
tiotneter v be cxtendel bevand 3535°C by Alling
the upper part of the thettnomerer with nn inert
was. This i usually done by filling with nitrocen
aned senfing at o low temperature. A\~ the mercury
espatuls on heating the nitrogen i compres-ed. the
pre-ure ineresed and consequently the boiling paint
of the nercury raised.  For very high temperatures
spectal boresilicute vlass or even fused quartz must
he nsed n- the enntainer. beciniee ardinary glusse~ will
~uften aud beeoine stretched under the high pressure.
R this means the upper temiperature limit of mer-
cury thermameters may be extended tn 630°C which
i= a cherry red hent. Recently a gullium in quartz
thermameter his been made which can bhe used {rom
20°C, the freezing point of gallium. to 1000°C. the
~<oftening point of quartz  (gallium  boils  over
I R

Liquid in glizs thermometers is subject to many
ereors. Thas the eapillary bore iz never uniform so
that calibratinn at <evernl pnints must be resorted to:
the gliss of the bulb iz very thin so that its volume is
affected by the external pressure. although in mo-t
cuse~ thi~ error i= appreciuble ouly when the differ-
ence i pre—ure froou normal is hall an atmosphere
or more. Furthermore. due to hv:iteresiz and.-or
~ectilar changes of the bulb and capillary the volume
of the hulb. the length of the ~tem and the diameter
af the capillary may change slowly. necessitating fre-
quent calibration.  Finally. under the usual condi-
tinn= of graduation whereby the di~tance between the
initial calibration paintz. e.a. 0* and 100°. is divided
into equal part-. the thermumeter must be used with
all the mercury at the ~ame temperature. If not,
a correction miust be applied for the temperature of
the emeruant -tem.

A< a eonsequence of the-e corrections and sources
of errur the liquid-in-glu== thermometer has been
abundoned as an in-trument of high precision. This
i~ re~ulted in the use of partial immersion thér-
tiometers. graduated and standardized for a particu-
lar depth of immersion. thus avoiding the necessity
of determining and applying the correction for the
winerucut ~tenn.  These thermometers are standard-
ized for <tein tetnperature corre-ponding to the aver-
aue likelv to accur in the use of the thermometer.

Standards for Thermometers

T() DATE the culy industrial standard: for ther-
teters whieh have been set up in the United
~tates are concerned with liguid-in-ghies tnstruments.
althenzh the Amierican Socrety of Mechanieal En-
steers gives n 1t DPover Test Codes a description
ard classificanan of ather tvpes of telperature mews
urttg devices, therr aceuracy, correctivns and instai-
latton rudes.

The fr-t of these standard: was promulgated by
the Boarean of ~candard- -hortdy after it orzaniza-
tou. Inrespense to numerts inquines. the Burean

" thermometers.

tinede an exhanstive ~tudy of clinical theranetor.,
the nugnitude of their erroes nud the nist COmmog
defects. Specificatinn« were ~ot up and thermometer-
Jrt=-ing the test were given a certificute.  Thi= nark
distinetly improved the quality of the clintcul ther-
monteter~ made in this countey as was ~lavn Ly the
fact thut the currections found sfter the standard had
Iwett in operation a few vears were very much ~tller
(l!nn the correctinns of thaee submitted at the Tawie
ning. This <tandard with -light wiedifcation- b
been ndopted as mandatory by several <tates awl L
the Federal Specifientions bourd. A Cinnnercial
Standurd for Clinical Thermometers wus <t ug in
1925 und revized in 1932 (the effective dite fnr new
production was June 1, 1932.)  Thenmometer puse
ing this standard are aceopanied by a certificate of
the munufacturer to that effect. )

The American Society for Testing Muterials luw
~et up specifications for the various thernionirter-
t~ed in its standarde. Some of these are total Linner-
-ion, others partial. depending upon the u-e 1+ which
itis put. In setting up a new standard in which a
thermometer is required, nne already in u-e i~ le~ig-
'Ill‘med wherever possible. Thus Standard Methials of

est:

—<hmnmny

D 2030 Distillation of Bituminou~ Materiale—————

D 56—20 Distillation of Gasoline. etc.

D 246—30 Distillation of Crensnte Oil
all use the sume thertnometer— .8 T.M. ITigh Di-
tillation Therminmeter. All A.S.T.M. thernnneter-.
with hut one exception, are mercurv-in-gli-: the
exception heing the Low Cloud and Pour Therimm-
eter. a toluene-in-glasz instrument.

The Federal Specifientions Board ha- et up u
standard for Industrial Thermometer:. shich is man-
datory for all Government Departmients.  Ew-entially
the same standard hus been adopted by the Sciet:rific
Apparatus Makers' As<ociation. The thermumeters
described are the fumiliar mercurv-in-glu=~ tvpe. anid
in addition various holders und sockets ure -pecified.
adapting the in~trument for industrial use.

For miany vears the Bureau of Standards b ac-
cepted thermometers for text. Thermometer- which
are free from defects of de<ign. material or nu-true-
tion. and are correct within reasonsble talerunce- are
given certificates. [f a thermometer i: nat eligible
for certification. a report giving the result of the test
15 i=sued. Thernonieters which feceive certificutes
frnmi the Burean of Standards are probaldy as pre-
ci~e as -uch instruments can be made. If -uch .
thermometer iz properly used. pravided the culibra-
tion is recent and ull corrections are properly applied.
4 temperature niea~urement may be made with a
limit of accuracy of 0.1 the graduation interval. ie.
ta 0.01°C if the thermiometer iz graduated to 0.1°C.
Such accuracy is possible only with total muuner<ion
Differentinl thermometers. e.x. Beck-
maun type. which are graduated to 0.01°C can under
praper conditions give a temperature differeuve aceu-
rate to 0.001°C.

This article will he oncluded in the next isine
with o discusston af the other instmiments waed tor
tomperatiire measuretent. and the establi-hmeunt 7
the Thermndvnunmic Temperature Scale aud the [n-
ternational Tetuperatire Scale. and list af ~tanddaris
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Dr. Vanncvar Bush—Vice-President
and Dean of the School of Engineering
uf the Massachusetts Institute of Tech-
nology. Noted for achievements in re-
searck and contributions to technical
cducation. A native of Everett, Mass.,
the son of the late Rev. R. Perry Bush,
for 50 vears a clergvman in the vicinity
of Boston. Graduated from Tufts Col-
lege in 1913, and in 1916 auwarded the
degree of doctor of engincering [rom
Harvard University and Tecknology.
{n 1932 received honmorarv degree of
doctor of science [rom Tujts. Has
taken particular interest in the design
of scientific calculating instruments. For
development of product integraph was
aquarded the Lezy Medal of the Frank-
lin [nstitute in 1928 Recently won
wide recognition for design of an intri-
cate calculating mackine called the dif-

ferential amalvzer, which greatly _in-.

creases the accuracy and speed of engi-
neering calculations. Adlso known for
contributions (o the development of
vacuum tubes and for imvestigations in
electric power transmission. Under his
direction there has been built at Tech-
nology an instrument known as the
network analyzer. On this device a great
pouwer network covering several states
mayv be accurately reproduced and its
operating characteristics studied under
the most satisiactory conditions. Has
also carried om important studies of
trgasicnts in mackines and dielectric
phenamena. Was invited to join faculty
of Institute in 1923 to undertake com-
prehensive study of undergraduate cur-
riculum in elcctrical engineerning and to
develop most efficient methods of teach-
ing in this feld, working closely with
Professor Dugald C. Jackson, head of
the department. Has also been profes-
sor of elcctric  power transmission.
Career as a teacher has been no less
nntable than work in research, and has
becn tor some time in charge of gradu-
ate study and research in the depart-
ment. His apporntment as Vice-President
and Dean o) the School of Engineering
of the Institute sas announced March
10, 1932, At the same time was elected
member of the Corporation of Tech-
nology. Earlv 1n his career Dr Bush
held a position in the test department of
Ceneral Electric Company, and then
returned to Tuits as instructor in mathe-
matics. Subsequent{v wras promoted lo
usststant protessor 9f electrical emginecr-
tmg  [n [917-18 carried on important
research in cubmarine detcction jor the
specral boasd on submarine devices of
.5 Navv, Nouw hoids commussion of

lieutenant commander in U. S. Naval
Reserve Forces. [s am enthusiastic
vachtsman and during the summer
makes along-shore cruises on Kis vackt,
the Caribou. Following the World War,
was consulting engincer [or American
Radio and Resesrck Corporation. s a
director of Spencer Thermostat Com-
panv and of Raxtheon, Inc. Dr. Bush
is a Fellow of the American Institute of
Electrical Engineers, the .American
Academyv of Arts and Sciences, and the
American Physical Society. Is a mem-
ber of the Society Jor the Promotion of
Engineering Education, and of Alphka
Tou Omega, Tau Beta Pi, Kappa Eta
Kappa, and Phi Beta Kappa [raterni-
ties. Author of '“Operational Circuit
Analysis”, and joint author with Pro-
fessor W. H. Timbie of “Principles of
Electrical Engineering”, one of the most
uidelv used books in its feld. Has also

contributed mumerous artscles to scien-
tific and engineering publications. In
1916 Dr. Busk married Miss Phoebe
Davis of Chelsea. Thev have two sons,
Rickard D., who is 14, and John H.,
10. Dr. Bush makes his Aome in Bel-
mont, Mass.

Dr. W. 7. McConnell—Graduated
fram St. Louis Unsversitv, School of
Arts and Sciences and School of Medi-
cine. With outbreak of war, was com-
missioned First Lieutenant in the U. S.
Medical Corps, serving with Field Sig-
nal Corps in France 18 months. Pro-
moted to Captain and thenm Major. Is
still Major in Armv Reserve Corps. At
the close of the war, entered the U. S.
Public Health Service, Office of Indus-
trial Hygiene. In 192! appointed Sur-
geom of U. S. Bureau of Mines engaged
in research on physiological eflects of
heat. 4s 3edical Director of Phiadel-
phia Heaitk Council and Tuberculosis
Committee, promoted health service in
gronps of smail industrial plants. Was
also medical director ol several large in-
dustrial concerns. [n addition to hkis
present work as Director in Charge of
Industrial Health Service of Policv-
hoiders' Service Bureau, Dr. McConnel
15 Consulting Phvsiologist to the U. S.
Bureau oy Mines and [ndustrial Con-
sullant 1o Phiiadelphia Health Council.
Has published several articles om dil-
lerent research phases of ventdation and
mdustrial aealth scrvice.

4. W dnderson—J3ember of Ameri-

can Soctetv ol Mechagnical Engimeer:s.
Member nr Rochester Sectiom, Optical

Society of America. Graduate of Wor-
cester Poivtechnic [nstitute, BS. in
Mechamical Engineering, 1922. Equip-
ment Engineer, Western Electne Co.,
Hawthorne Plant, 1922-1923. [nstruc-
tor, Machine Drawing and Descriptive
Geometry, Armour [Institute o1 Tech-
nologv, Chicago, 1923-1924. [nstructor
Applied Mechanics and Strength of a-
terials, Mechanics Institute, Rochester,
1924-1929. Engineering and Research
Department, Bausch & Lomb Optical
Companv, 19¥29.

Alfred V. de Forest—Consulting
Engineer, American Chain Company,
Bridgepurt, John Chatillon & Sons,
New York, Spang Chalfant and Com-
pany, Pittsburgh. Research Engineer,
dAmerican Chain, 1919-28. Previous to
that time, dssociate Research Engineer,

Union —3letailic-~Cartridge -Company ——

mstructor, Princeton University and
draughtsman, New London Ship & En-
gme Companv. Class of 1911 at Massa-
ckusests [nstitute of Technology. [n-
ventor of -several methods of magnetic
testing used in indusiry ome of which
received the Dudlevy medal in 1928. [n-
vented fatigue testing methods for
springs and wire; a magnetic method of
meqsuring stress; .@ magnetic strain
gauge; the [sothermal electro-magnetic
method of measurimg woll thicknmess.
Formed the A. V. de Forest Associates to
apply the Magnaflux test for surface de-
Jects. Contributor to 4 S.T 3., Interna-
tiongl ASTM., ASST., {IJMME,
and many trade papers. Secretarv, com-
mittee on Magnetsic Analvsis and chair-
man committee om Non-Destructive
Testing, A1 M M.E.

Charles 4. Marlies—Born in Neu
York State. Studied at the College o!
the City of NYew VYork and Colum-
bia University. Degrees: BS., Ch.E.,
C.C. N. Y., 4M. Columbia. Carried
om industrial research and consulting
work in several fields among whick are:
Corrosion proof electrodeposits and lu-
bricating osds and greases. Present posi-
tion: Department of Chemistry, School
of Technology, College of the Citv of
New Vork, giving courses in Physical
Chemistry, Electrochemustry and Teca-
nical  Analvsis. Member: American
Chemical Societv, American Societv or
Testing Maternials, American Standards
Association, The Electrochemecai So-
cietv, New [ntermational dssociatinn
for Tisting Materials. Fellouw o1 tnec
American [astitute of Chemusts

..
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A Novel
Recording Strain
Gauge
by
AL V. deFOREST

Leeuwephboeck,
the fAirst man to dis-
cover the world of
living micro-organ.
{sms, oo June 1,
1674, wrote to the
Royal Soctety re
parting the discov-
ery of corpuscles In
bleod. ~Blood cor-
puscles are 25000
times smaller than s grain of sand.”

fn lsboratory work. perhaps more
than {o any other suhere of activity,
measurements are the basts of knowl-
edge. Nesarly aill laboratorv activity
centers about the making of messure
meals. and the development of apecial

methods and iostruments {or new and -

beiter meagurernents are very gen-
erally the most time consuming and
e¢xpensive part of & research deveiop-
ment.

Logical design of anv mechanical
structure requires a knowledge of the
loads to be Imnosed, and the abdllity to
calculate the stresses which will be
set up by such losds. [n many cases
of static loading this process is simple.
in many other cases. especially with
dyoamic loading, it s difficuit on ac
count of the uncertainty of load dis-
tributioa. The famillar examples are
the Jodeterminate and redundant
structures ysed (or avoided!) (o bridge
design. If sufficiently cheap and
simple recording strain gauges were
svatiadle, the degree of unceriajoty
could be greatly reduced.

A more difMicult problem lies hidden
in every structure or machige. What
are the accidental load factors in ad-
dition to the regular assumed normal
condlitions?

The sccidental (actor usually occurs
50 Inlrequently tbat measurement {s
dificult cnless recording instruments
¢an be axed over considerable periods
of time. With the novel method here
described. however, records caa be
made extending over a sufficfent time
to tnclude the accidents. [o other
cases (ests can be set up and syn-
thetic “accidents”™ produced. Meas-
urementa of stresses in airpianes dur-
ing drop tests and in rough landings
are of this tvpe Usually some stand-
ard of "accident” must be set up, but
ususlly the loading (s dynamic and the
resulting atresses d . Mcult or Impos-
stble to caleylate A record of strains
in ail jmnportant members during the
test, ~(l ysuaily allow stmplified cal-
cujations for the aext design. “aich
10 turo may be refined by furtber
rests.

Anotbher {roportant funcrion of such
testing Is tde reduction 1o wetght of

[PRODUCED s/eppqy
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low stressed parts. Io the develo)
ment of anv structure, for instapce an
automobile, the parta which are (ou
weak are readily found by experience:
but those too beavy and (oo stronog
are very generally ignored. \Well con.
sidered stress messurerhents at peak
overloads would allow we(ght reduc-
tion without the expense of cutting
below, and then strengrhening above,
the danger point.

We may smile at Leeuwenhoeck's
grain of sand as s basls for meagure.
ment, but {n very mapy cases we find
that design is based on estimates of
load quite as iocosely concefved as the
dimensions of & casual sand grain. As
in the 17th century, a great sense of
virtye {a obtained by measuring with
s good degree of accuracy the figures
which correspond to the factor
*25.000°. Careful and accurate figures
are used for stress calculations based
vn loose assumptions of load and its
distribution.

A coocrete problem. The Autogiro

__Company_of_Americs wished 1o know..

the bending sad dlrect stresses in
the rotating wing spars of their “fy-
Ing windmill.”

The lostrument must here operate
at accelerations up to 80 g., withstand
{mpacts, be seif contalned, weigh al-
most nothing, and coat very little.

As an answer (o the problem. th>»
deForest scratch extepsometer was
invented. This device produces & full
size record of the strain In the mem-
ber to which It {s stiached. thereby
eliminating optical, mechanical or
electrical systems of multiplication of
motion. The resulting record Is mag:
oifled and measured, or photographed
with any metallographic microscope.
[n this way a stogle multiplying sys-
tem Is used in conjunction with a

|
{
]

Additional lnformation
about these ltems’
Furnished on Request

number of simple Individual recorders.
[nstead of using time as & coordinate
of the record, a compooent of the
change of motion to be messured s
utilized. This is doae by providing s
lHght adjustable (rictlon which re-
strains & spring from moving the tar-
get crosswise under the recording
diamond. As & relative motion be-
twecn gauge polots scratches the rec.
ard of deformation, the difference be-
tween static agd moving Iriction tlions
the spring to traverse the target under
the dlamond. so that a serond deformws-
t‘on leaves its record alongside. instead _.
of oo top of the first.

For occasional or intermittent phe-
nomena. this is an ideal arrangement:
no rerord s made except where the
translent appears. For siresses re
peated ot known intervals the arrsnges-
ment {8 almost equivaleat to & tinie
basis. except that the scale fs propor:
tional to the stress changes. There s
oaly one moving part. and this aigy he
made exceedingly light so that high
acceierstions do not cause dificuity

Extensormeters or strain gauges,
hiitherto In use, measure only distance
between (%o points. The present in-
scrument wiil record motlon of one
palr of gauge points reiative (o the
other pair in whatever direction It
takes place. For cases of combined

Top—=Scretch Extensameter, commaercial type. Built by beldwin.Southwark Company. Waeight
0.9 oz
Cantar—Record of bending strasses in Autoqira Rator. Rougqh eir cendition end variable loade
Bottom—Jdending stresses and combined bending and tortionsl verietions n shift.
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longitudioal and torsion stress. the
frequency reiation. and extent of botb
components can be oieasured. In
plates, pressure vessels. stressed skin
atructures, »(c.. where the direction uf
principal stress ls unknown. a siogle
record will cover both sihiear and dl-
rect etress in any (wo dimensions.
This feature Is & great saving {n time
and expense aver laburious and (re-
quently misleading calculat.ons of ser-
ondary stresses.

In the case of the Autogiro spars.
no significanl (orsion was present.
The record gave comiplete readings
under various wind loads and maneu-
vers of all kinds. The ccmmercial in-
strument shown g the lllustration is
the lacest development of thls record-
ing device. The record shown is taken
from the Autogiro testa.

New Terminal Type

Thermo Regulator

The Red Top Terminal Type Ther-
mo-Regulator, annouaced by Hierge
sell Brothers, is a develionment re-
suiting {rom demand in the fleld of
accurate temperature control. for a
device chat will control any desired
temperature to & variation of 1 10th
of one degree, within a range of (rom
v? to 200° F.

The following features of the i{n-
strumment are pointed out {n descrip-
tive appouncements .

The mercury ts purified through a
sperial process.

The caplliary and reservolr s fllled
with dry hydrogen to dampen spark
at contsct point.

The electrodes. or contacts, are of g
special sllov metal, expressly designed
to contact on Lop of mercury.

Ternilnals for connecting control
elrcutlt, ellminate danger of breakinyg
of old stiyle, delicate "pig tall” leads
to electrodes.

Outer glass shell, completely eaclos-
ing dellcate parts, adds rigidity to the
completed Instrument,

Relays are so designed as to operate
withia 12 milllamperes at 110 volts. 60
cycles. through protecting condesser
and resistors, which are mounted on
one base.

Relays can be furnished in three
types of encloalng cases.

Relay contacts wiil carry loads up
to 30 amperes (3,000 watts} at 110
volts, A. C.

For Testing -
Tensile-Breaking Strength

For {aboratory testing & new tensile
breaking strength tester for a vartety
of materisls s apnounced by the Am-
tbor Testing Instrument Company,
Inc. The maaufacturers claim the vir-
tues of accuracy, simplicity of operan.
tion, and rapldity of test.

The-dial {s Bie inches diameter, {s
graduated directly (n f{ractions of
either pounds or kilograms, and s

hand calibrated for accuracy, The
dynamometer spring movement g
specially designed for tensile testing
and !s 8o constructed that proper test
sensitivity and elimination of frictios
sre assured by free-floating movement
throughout. When the specimen
breaks, the pointer remuains at the ten-
slle strength reading. Jaws and jaw
travel can be bad io conformity with
stapdard test methods for any ma-
terial such as paper, cordage, wire,
etc.. It {s stated.

New lnastrument
Concern Formed _
The Parr Instrument Compaoy bas
recently been organized by H. L. Parr
and other associates of the late Pro-
fessor 8. W. Parr and has acquired the
sclentific instrument business of the
Burgess-Parr Company. The aew or.
ganization Is {ully equipped (o manu-
facture and ' provide the laboratory
roarker with the entire line of Burgess-
Parr laboratory apparstus {ncluding
coal calorimeters. sulfur bombs, tur-
bidimeters, apparstus for catalytic hv-
drogenation, equipment for melting
point determinations, goggles for glass
blowers and special chemicals for sui-
fur, carbon and calortmetric determin-
ations. [n addition. new developments
will be introduced at & iater date.
Burgess-Parr Company will continue
the manufacture of llllum castings for
the cheailca] process industries.

RESEARCH IN REVIEW

Coolidge New Head
of G. & Leboratory

HE reward of valued services came
tlo Dr. Wiiliam David Coalidge, who
upog 'be retirement Novermber 1. of
Dr Willls R. Whitney, became direc-
tor of the research laboratory of Gen-

eral Eleciric Company Dr. Coolidge
“as eievared from 318 post as sentor
assocClate direcior by appointment of
President Gerard 3w ope.

Brought 1o the laboratory bdy ODr.
- Whitney (o 1905 from \assachusetts

{nstitute of Techaology, Dr. Coolldge
wag made asistant director {n 1908
and associate director ia 1928.

His lmportant contributions to in-
dustry are well knowan to the research
workers of the world. Some of them,
{n review, gare:

Ductile tungsten as s filsment ma-
tertal for the {ncandescent lamp: the
wrought tungsten target io the X.ray
tube: wrought tungsten electrical con-
tact-poiots for make and break devices,
e.g.. automoblile ignition systems; the
hot<athode type of X-ray tube, which
bears his nama: various types of X-
ray gederating equipment; the so-
called “C-Tube”, .listening device (or
submarine detection and under-water
signalliog: wmodifications which have
greatly (ncressed the power of the
original Lenard catbode-ray tube.

Dr. Coolidge (s s niember of most
of the lmportant scientific societies
and an honorary member of many of
the f{oreign societies. He holds hoa-
orary degrees (rom Uanloo College spd
Lebigh Untversity and bas been
awarded the Rumford lMedsl. the How-
ard N. Potts medal. the Lewis Edward
Levy medal. the Gold Meds! of tbe
American College of Radlology. the
Hughes medal (rom the Loodon Roval
Society and the Edison medal.

Or. “Whitney Raetires? Poohl
From The Sun
“The General Eleceric Company an:
nounces thst Dr. Wlllis R. Waitney
bas ‘revired.’ [t means t(bat he has
heen relleved of the obdligations that
devolve on tBe besd of its research

laboratory. I[o one of bis numerous
enlizhtening asides Dr. TWhitney,
speaking for humanity-at large, has
said that “we are lamentably bound by
words.” The sarporation bulletin illus.
trates the trath of his incidental dec:
laration.

~“Dr. Whitney In seclusion. De. Whit-
ney {n retreat, Dr. Whitney with.
drawa (rom circulation—these are un-
thinkable. The Whitney intellect has
served knowledge too long to be sus-
pended in [ts onerations by a mere re-
arraagement of opportuaities. The
Whitaey curiosity has so persistently
projected into the abyss of man's ig-
norsnce that 0o shifting of titles can
restrain It from future excurstons into
that fascinating. unplumbed guil. The
Whitney utilitarizaism {s too robust to
be manacled by uwssignmeat to oon-
routine duties. The Whitney spiritu-
ality is too pervading to be deflnitely
engrossed on & scroll and filed away
in a cadbinet. no matter how griistically
the engrossiag be dome or how ele
gantly the cabinet be fasbioned.

“Aad, ultimately, Dr. Whitney pos-
sesses & sense of humor and & qusiity
of wit which veto the notfon that a
useful maa should or can retire.’~

Retearch Produces
New Haating Substance

Research has placed st the service
of industry a new hesting substance
wiiose cheapness aand case of control
mav bepefit wmecthods of meiting and
heating substances whicdh must be
handled (D a range be(ween 250 and

(Continued on page 59)
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Write for particulart on initallmest payment plan

Book Department

YIBRATION PREVENTION
in
ENGINEERING
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100 degrees. according to anoounce-
ment by tbe Lpiversity of Michigan
Department of Engineering Researchi.
whbere experiments developing Its use-
tulness were carried out.

This chemicsl Is diphenvl, wax-llke,
geraglum odored. noan-polsonous sod
inexpensive. xhich may be used over
apd over witbout deterloration or In-
jury to heating equipment, according
1o s recent bulletin. Diphenyl has si-
ready been shown by test to be suit-
able for hesting ssphalt, Similar com-
mercial applications are aid to be
open in many related industrial flelds.

The deveiopment of & new and sav-
ing heating method fo asphalt working
aloge Is of considerable economic im-
portance, since 355,000,000 worth of
native apd petroleum asphalts are
produced aonually and used in such
varied ways as road surfaces. roofing.
dips. actd resisting coalings. putty
and varnish.

Seversl advantages of dipbenyl are
polnted out—in the report of the ex-
periments. It was (ound to be so
stable chemically tbat it could be uggd
under commercial condltions at 730
degrees without substantial deterjora-
tion. its bolling polat belng 736 degrees
at 150 pounds pressure, while under
normal pressure lts bolling point s
492 degrees. In addition, very accu-
rate heat control was found possible,
avoiding ugceven heating and coking,
snd the rate of heat transfer (rom the
dipheoyl filed colls to the substance
being treated was found to be unusu-
ally bigh.
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Urges Larger
Research Appropriations

Much larger sppropriations towards
the support of research by the whole
textfle {ndustry was urged on altend.
ants at the third anoual meeting of
the Uoited States lastitute for Textile
Research. held (o New York 1this
month, by Professor H. B. MMlillard of
Massachusetts Iostitute of Technology.
“A very swmall contribution on & per-
centage oasts by all of the textile
magulacturers would provide a huge
sum for scientific research.” he ar.
gued. Other speakers pointed out the
growing appreciation (n all branches
ot the textile industry of \be close re-
lationship between research and the
ever<hanging problems of production.

Qenslager to Recsive
Perkin Medal in January

George Qenslager of the B. F. Good-
rich Company Laboratories, distin.
guished chemist of the rubber indus-
try, will be presented with the Perkin
Medsal for 1933, for valuable work in
applied chemistry, at & joint meeting
of the American Chemical Society, the
American Electro-Chemical Society,
the American Institute of Chemical
Engineers, and the Societie de Chimie
{ndustrielle of France, in New York,
January 6.

His selectfon was based on his
ploneering work (or the rubber in-
dustry oo orgsaic acceleratars and
other chemical research cuntributions.
Chemical research on organic accelera-
tors alone bas achieved a saving of at
least $50.000,000 a year to motorists,
[t has been estimated.

Dr. Langmuir Awarded
Nobel Chemistry Prize

The greatest recoguition any acien-
tist can recelve came to Dr. [rving
Langmuir. assoclate directar of the
General Electric Research Laborstory,
with the award to bim this month of
the Nobel Award {n Chemistry.

Resaarch Leads Patterson .
Into Heating Field

As a result of {atensive regearch and
experimental work The Patterson
Foundry & Macblne Compeny is pre.
bared to eoter the heating fleld about
Jaauary 1. according to their Novem-
ber agnouncement. Studies were made
{o preparation for the manufacture of
2 complete iinpe of coonditioned alr-
heating systems, alr conditioners. ot}
burners, domestic stokers and gas
Gred equlpment for all types and sizes
of beating loads.

B e —

Railway Association
To Expand lts Research

On recommeadation of the Board ot
Directors, The American Railway as.
sociatlon, at f{ts anoua! meeting No-
vember 11 {n New York. directed the
various divisions of the -Association 0
make & survey of their various re.
search activities agd possibilities of
aew flelds of endeavor, with a view of
recommending what further work csn
be undertaken in the interest of ob
taining still greater gafety, economy
and efficiency in railroad operutioa.

Reach for a

That New Producetr .. ..

-
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1ervice for tachnical and scisntific preducn|

226 Williamg Strost New Yort. N. 7.
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TO HELP YOU IN YOUR WORK, INFORMATION
REGARDING THE FOLLOWING LABORATORY
ITEMS WILL BE SENT FREE UPON REQUEST

Ablicusisen
Avhi-Reslsting Materials
Adaptrts

Agate Ware
Agitutors
Aidbumlpuweters
Allosn

Aaimerers

doaslytical Appsrsatus
Aurisoaieters
Apruns. Rubder
Arieevtas. Yure
Aspirarors
Adutwlaves

Ialances and Weiches
Lajliatic instfumients

[tatly 1for bull willey
Haromerers

Liarrele, Tuoibiing

Hurkete, Lodburatury Wusre
Hachs

[tatteriey. Storage

Henkern

Beoches Worn
Itinllograplles

ltlowurry

itlox pipes

[luats. Combustion

Hullers. Porradle

Bomb«, Caloriaieter, Catslytic
Nookas

Hoasters

Harers, 170k

Hettiaa, gll tepes

Hrtidges, Flevtric. Slide-wire
Nriades, sl types

Bucget«

Hulne. Kleldabl, Nitrogen, Neon
ureeces

lururry

Tius Lars

Cahinete, laaboratory
Cnlacigieters

(‘agieras. Nclenti8e
Cupacitorw Seatic
Capsules. 3illca Fused
i'arven Dloxihle Apparatus
tartve

{'gasecolen

tritueals. {adoratory
trifuges [abnratory
Charcers. Racrery
"harre

Cheruirals

4'hermiats. Canrulting
thrunocrophs

Circutt Niceakers
Clanips

Cuils. Electrie

Culur Analyzers
talur-Fastaess Testers
Colacimisters
Cuuihustion Apparatus

istrevhoad.

pr— e cn—m e — —  p— o—

MAIL THIS
COUPON

*Regarding Any of
The Above [tems

“lf you prefer (0 Reep (AL pege (n-
rects request tAl informanan on Sneg?

‘esmparatora
‘ungrnads
‘naiIpresaurs
‘vudennern
Conductivity Apparatus
Cuoues, Fllter

Cuclers

Cyunters. Haod Tally
crucibles

1tushecy

Cupe. Testing

{waka, Laboratory
(Mge~tlon Apparatua
{Mintomecery
{Msrillior Appararus
[rentn Koards
[trvers. Laburatury

Fbulllianrnpes
Electrmiew
EoiulisiBers

Jucw. Glass, I'orcelata. etc.
Jets

Lampe. Qunriz. Spectroscope
Leuses. I'hutugrapdic
Leases. Projection

Levels

Macnerts .
Mazguigers

Maguweter

Meters. Flow. Recordlog
Micrutaradmeters
Micrometers

Microswopes aod Accessories
Microtoaien

Millluoieters

Millivoitmetery

Mills. Geindlog, Puiverizing
Mixers

Molsture Teatere

Muetars and Pestels

Muror Ueneratur Sets

| It is a good prac-

tice to cherk tlus
list reqularly because
new subjccts are be-

ing added constantly.

Ninke

Nlivle Rules
NHiew. Lagtern
Nildes, Jlicroscople
Xpatilss
Spmctometric Equipnient
Ntetepricons
Neerilizecs

Setila

Ntoneware
Stuppecs

Stup Waiches
Sturage dratens
Nerutners
Neroluatopes
Nublimators

q ., L]
o e S
Eatractiun Apparitus Nepbelometers switches
Nirrogendeterminatioa Srachronoscopes
Fliter Prosses . Apparatus ¥yphoas
Filters Noxzirs
Firse Ald OQuetits Tables
Fiztures QOxclliogrupbs Tacamerers
Flues Oveon Tunks
Funoels Telescopes
Furnaces, sll trpes Paan Tensometers
Furatture Papee. Fltering Test Tubes
[*hurometers Teating Anparatue
Gauges I*boromiicrogruphs Thermo-Arculaturs
tinuge Teaters Photunmicrnecopic Apparatos Thermocouples
Lisivanameters Plpecten Thermoerande
(iasonieters Plates. Fliter Therwonrdrometers
(leneraracs Platinum Labdorstory Ware Theermometers
Vilua Polartvodes Thermosrats
»s ADDaruCUS Pulariscupes Tintowerers
Glaswware Purcrialn Ware Ticracion dpparatia
1iontometeen Potentiometers Toagy
Gravitometers l'rrsaes Teays
tirindary {:::.C‘::WQIQH ;:‘lﬂlﬁ‘ﬂ Tabdl
X oughs. Tabdle
3::::‘:' Burzer Puirerizers Tubes. all trpes
Cnmps Turnidlairrers
f'renometers Turtine Sifrery
Heaters Pyrometers Tweezern
Hemncytometers
:i{::‘,.nubur Quarts Apparxtus Cltra-violet Ray Apparatus
Hot Plates Racks .
{iyiirogen-lon Apparatus Re(ractometers Visrosimeters
tiydrometers Refractories Voitmeters
Hygrometery Revulators
Hesistanres sad Resiators Waste Cans
locubharors Retorte Waste Jarn
lodicators Kbeoscats Wattmeters
Insrrumeots Wire
(naulators “acrbarimeters
Interfecomaeters Scaien X-Ray Eaquipmeat
— — — w— ——  o— o— v —t— om  omm— —— o—
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