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SCIENTIFIC RESEARCH IN RELATION TO 
INDVSTRJES. 1 

I NDUSTRY, and with it all our civilisation, 
depend on engineering. 

is nothing but applied science, and thus IS the 
foimdatiori and scientific research the ulttmate means, 
which created our civilisation. Through the 
chief homes of scientific research have been t:he _umver
sities and other educational institutions. Dunng the 
last generation, however, the industrial development 
has been so rapid, and the demand for the of 
scientific research so great and that the u.mver
sities have ncit been able to supply 1t, and the mdus. 
tries, especially the po>':'erfu!ly modern 
industries as electncal engmeenng, chem1stry, etc., 
had to the field of_ scientific research. 
country's educational ,institutions did not advance m 
fostering scientific research to the. degree as the 
industries advanced, and many :;tnd_educa
tional institutions rather retrograded m sc1enttfic re
search · · became submerged in a false commercialism 
whioh' figured the output of the college in student 
hours per professor, judged efficiency by the percentage 
of students graduated, and altogether too often wasted 
the university's best assets-its professors. Thus we 
find in our colleges men who had shown themselves 
capable as investigators to do work 
of the 'highest order overloaded w1th educah?nal or 
administrative routine, and deprived of the time for 
research work. Private industries rarely commit such 
crimes of wasting men on work inferior to that which 
they can do; industrial efficiency forbids it. 

Thus, when with the advance of industry a more 
rapid extension of our scientific knowledge was de
manded than was given by the educational in
sti-tutions, scientific research laboratories were estab
lished lin the industnies. Some of them very soon 
showed their ability to produce scientific work of high 
character. As Hlustral!:ion, I may mention how an 
entirely new branch of chemisky, the chemistry 
kee atom, has from uhe work of Langmu'!r m 
the electrochemical researdh laboratory of the General 
Electric Comp.any, and has been communicated to the 
Hterature of the subject by numerous papers. 

Theoretically, there is a limitation imposed on scien
tific research work in industrial establishments. It 
should be of such a ,character that it may lead to results 
which are industrially useful. In reality, however, 
this is no limitation at all, but there is no scientific 
investigation, however remote from industrial require
ments, which might not possibly lead to industrially 
useful developments, and obviously no immediate or 
direct usefulness is expected; any investigation offer
ing a definite .prospect of industrial utility is not scien
tific research, but is industrial development or design. 

indeed, ·has shown that >irt is rare that sooner 
or later some industrially valuable results do not 
follow, no matter how abstruse and remote from ap
parent utility a scientific investigation may appear, and 
any scientific research whwtsoever is thus industrially 
justified. 

To illustrate, when, by the consulting engineering 
laboratory of the General Electric Company, research 
work was undertaken on the electrostatic corona, and 
in general on the dielectric phenomena in the air, no 
immediate or direct benefit could be ,seen for the 
industrial company which financed the work, but it 
was justified by the consideration that a greater know
ledge o{ these phenomena may extend the economic 
limits of long-distance power transmission, and thereby 

1 Presented at ,a joint meeting of the Franklin and the Phil. 
adelphia Section , American Institute of Etectrical Engineer-=-. on October r8 
xot6, by Dr. C. P. Steinmetz. Chief Consulting- Engineer, 
Company, Schenectady. N.Y. Abridged from the Journal of the Franklin 
Jnstitute, vol. clxxxii., No.6. 
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never can be perfect, two ways of procedure are 
feasible : either to investigate the errors and disturbing 
factors and correct· for them, or to select the condition 
of experiment so that the disturbing factors ·are 
negligible-for instance, experiment on a large scale. 
The latter method cannot give as high accuracy as 
the former, but the former method, while theoretically 
more accurate, may give a constant error, possibly of 
hundreds per cent., if some of the assumptions on 
which the corrections are based are not completely 
justified. Industrial research leans towards the first 
method as results which are safer in trustworthi
ness, even · if somewhat less accuralie, while educa
tional research leans towards the metJhod of applying 
corrections. As iJ.JustJration, in magnetic investigations, 
the effect of joi-ruts an the magnetic .aircu.it, etc., 
may be .determined and corrections for it applied, or 
such a magnetic oircuit may be chosen, that the effect 
of joints, etc., is negligible, and can be neglected, or 
taken care of, by a correction which is so small that 
its accuracy is not material. 

In industrial research the liability exists of J,imiting 
the work to such a narrow field that it has Ettie 
general scientific value; ·for instance, ' to dete'm1ine the 
hysteresis Joss in a magnetic material, without deter
mining the magnetisation ·curve. In educational re
search inversely there is sometimes the tendency to 
generalise b_eyond tile limits justified, and so draw 
wrong conclusions. For instance, numerous investi
gll-tions have })een made and conclusions drawn there
from in treatises on the· " a rc," while in reality tile 
investigation was made with lbhe carbon arc 'only and 
applies only to. this kind of arc; and as the carbon 
arcis not typical,but rather exceptional, for most other 
arcs conclusions are wrong. 

As regards the quality of the scie11'tific research work 
done in i:nd:ustrial organisations compared with that 
done .i,n educational establishments, there is no material 
difference; but. the work done in the industry, just as 
that dope in universities, varies ·frqm sciefitific research 
of the highest quality down to investigations which 
are of little, if any, qrude and in
accurate or directly_ erroneous in premises, in method, 
a_nd in at;d their interpretatiot:J, or . investiga
tions w h1ch, .whtle correctly cpnceived an!! correctly 
made, useless . be.cause essential conditions nave 
not been controited or ref:oxded, Still worse. those 
pseudo-scientific investigations occasionally met which 
owe their conception to the_ desire of 
or are made for commer:cial or legal such 
as, for instance, to give the .a,pp.eararice .of 'scientific 
standing to some theory which soine inventor had 
recorded in 'his patents. Such work-met occasionally, 
though Jess and less frequently-in industrial as well 
as in educational institutions, ,tends to discredit scien
tific resea rch in the eyes of ilie layma n, who cannot 
discrimi,nate between science and 

The essential difference between industrial and edu
cational research, however, is me t in their method of 
publication : the publication mediums of scientific re
search carried on in educationa l institutions are the 
scientific publications published more or ·Jess under 
the direction or supervision of universities, while the 
publication mediums of the scientific research carried 
on in the are ·the' technical or engineering 
papers, and only occasionally an abstract reaches the 
scientific publications. Unfortunately, a large number 
of men of science still look on publications in tbe ,tech
ntcal Press as unscientific, take no cognis'ance of them, 
do not recol'(n.ise them in scientific abstracts; ,reviews, 
etc., and, as a result, a large· and steadily 
r_art of the scientific research· of the country· is prac
tically lost to men of science, and is .not available or 
easily accessible, by not being recorded, abstracted, or 
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indexed in clle reoords of scientific progress. If, for 
instance, in the tables of physical .constants published 
onJy a few years ago, . under "hysteresis " ·are pub
lished the losses in a Siemens cable transformer (a type 
which had ceased to exist a quarter of a century ago), 
and practically all .the of data on magnetism 
recorded in . the engineering proceedings neglected, 
apparently as not "scientific," it shows that there is 
something wrong 'with <the attitude of those respon
sible for the records of scierice. Amongst the worst 
offenders in this · unjustified exclusiveness are the 
physToi.sts, while the chemists make a commendable 
exception. In the "chemical abstracts " published by 
the American Chemical Society, the results of indus
trial research, as well as those of the chemical univer
sity laboratories, are recognised, and these abstracts 
are therefore comprehensive and valuable, which 
cannot be said of the abstracts of some other scrences. 
Possi.!>ly reason is because applied chemistry is 

as well as theoretical chemistry, while 
apphed phys1cs goes under the name of engineering, 
and the average theoretical physicist is rather inclined 
not to recognise engineering· as scien,tific. 

Some excuse may be found in the nature of ,!Jhe two 
classes of publications, physical science publications 
and the engineerinl'! publications. The .former accept 
for publication only scientific papers, _ exert a critical 
judgment, and the appearance in the scientific publica
tion mediu.ql thus implies that the article, at .least in 

opinion of the editors, is of scienti-fic value. This 
IS t'he case, and cannot be the case, with the 
engmeering or techn:ical publications. ·The technical 
Press is the medium of all the publications of those 
engaged in the industry, from scientific reSearch of 
the highest value to niere commerCial statements and 
the of an in a': paper 
or not 1mply, nor 1s mtended to imp,ly,, 
that 1t IS of S•C!enttfic value, but the discrimination of 

worth, which in the scientific publica
tions IS attempted by the editors has in the 
enguneering Press ·to be left .to the or abstractor. 
I_f, h?wever, !he purpose of the engineering publica
tion as to bnng all classes of · iooustr.ial 
records-and it thus includes commercial and other 
articles-this is no justification to .refuse recognition 
to scientific papers contained tin -the same publication, 
but ;ather makes it .and i-ndeed necessary, in 
the mterest .of our nation's SCientific efficiency, to .find 

or. organisation to carry out this dis.
cnmmatwn and make available to the scientific world 
at larg-e the scientific work contained in the annals 
of applied science-that is, engineering. 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

OxFORD:-ln oo_urs.e of t;he term just beginning, 
Congregartion wdl be mv1ted to consider an .impofltant 
propos:a,·l for establishing a, new, status .for advanced 
students, and, fbr e,!'labling persons to this 
status to obtain the degree of doctor under new condi
tion-s. It prorposed to limit admi.ssion to the sta;tus 
to .who have taken the qegree of . B.A. at Ox
ford; or who, if thfy come fmm a nother unuversity, 
have taken a four years' oourse and a .. degree, and 
have _produced satisfactory evidence of their fitness to 
putsue a course of advanced study. The time. to be 
devoted to study by advanced students before the degree 
of doct.or can be:tak.en w:ill be ei,t;her two or three years, 
acco!'dmg to circumstances. Opposition may be ex
pecte?. this proposal, ooth in principle . and detail, 
and . It IS yet too early tQ, forecast tpe result of dis
cusSion. The advoca1es qf the scheme. speak of. it as 
an to meet a need which i.s likel_y to be of 
considerable Importance at the end of the war. 
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