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INDUSTRIAL MATHEMATICIANS

What 1s an industrial, or professional, mathemati-
clan? What does he do? ' Generally, there are two kinds:
workers 1in pure mathematics and workers in applied math.

'The pure mathematleclan likes to play with mathemati-
cal laws and principles just to see what will happen.
They heve mathematical curiosity; they are not especlially
interested in whether anyone ever finds any use for tne
result or not. They have the fun of working their problems,
and that is the only reward they ask. There is a large
group of men snd women getting pald good salaries for
having such funj; they are the pmre methematicians. For
the mosf part, fhey are on the college and university
campuses. Some, however, are employed Lty business and
industrial firms. Out of the play of these pure mathema-
ticlens has come some of the most lavortant theories and
formulas in modern science. Even if 1lnduetry or govern-
ment isn't able to tempt him with a permanent Job, he 1is
likely to sérve 28 a consultant time and sgein on very
practical projects.

The second group of professional Workers in mathema-

tics are interested in what 1s known as applied mathemdtics.



They work 2t many problems in business, 1ndusfry, govern-
ment, insurance, sociolog;, pwychology, and the sclences.
In brief, the practical mnthematlciaﬁ helps workers 1hﬁother
fields. In fact, he often operates under the nemeoff phys-
icist, chemist, economist, and so on.1

The 1950's snd 60's have seen a startling increase in
the importance of meth in soclety and in the need for
trained mathematicisns at a1l levels. The recent phenom—
ensl rise in thefleld of automation snd computing has been
a significant factor 1ﬁ this greatly increased need for
mathematiciahs.

An effective mathematician in ény type of employ-
ment should be a well-rounded person. He should have not
only the technical background of calculus and differentlial
equations taken by most sclentlists and englneers, 2nd the
more adﬁaqced méthematical training required for 2 major in
mathematics, but he should hsve teken a selectlion of courses
from some of the areas in which mathematlics 1s applled---
such a&s physics, chemistry, engineering, biology, psychology,
stafistics, and economics. A student who plans to continue
beyond the bachelor's degree in mathematics should also
acquire a feading knowledge of at lesst one and preferably

two of the forelgn languages in which much of the current

1Guidance Pamphlet in Mathemstics,A Report of the
National Council of Teschers of lathematics (New York:
The Mathemsatics Teacher, 1947), p. 10,
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litersture in msthemetics is written, namely, German,
Bussisn, snd French. All students should, of course,

acqulre fluency in the written and oral expressions of

ldeas in English.2

Statisticians
Mathematical ststistics deals with the methematical
exarination and study of vsrious kinds of statistical pro-
" blems which arise in sclentific resesrch, in social sard
economic 1nvestigat10ns, In business end industry, and in

government work. Statisticians who deal with fhose pro-—

blems are of two main classes: mathemsticsl stotisticlans
and abplied stetisticisns. A mathematical ststisticlan
deals with the genersl mgthemétical theory of the combina-
tion of observations, testing hypotheses, sn& estimating
uﬁknown quantities with aﬁ sccuracy specifled in terms of
vrobebllity. He deslgns efflclent experiments for obtaining
such teé%s and estimates, and also works out methodological
procedures for applyling the theonry. The spplled statisti-
clan, on the other hand, usually concerns himself with the
application of known statistical methods to problems erising
in one or ﬁore fields such as egriculture, blology, economics,
psychology, socidlogy, or industrial qualilty control.

The tralning of maothematlical statlstietgns:inivdves a

conslderable amount of advanced methemstics. <The requirements

k. J. brnold, et al., Professional Opportunities in
Mathematics, Sixth edition, A Beport prepsred by the
Mathematical Association of Americse (Buffalo: State
University of New York Press, 1964), pn., 4-6,
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in methematics include reai and complex variabiés, linear
and quadrapic forms and matrix algebra, linesr programming,
measure\and 1ntegration theories. These mathematical-sub-
jects are essential for a full understanding of probability
theory, which is the foundation for advenced mathematical
statistlics. An incressing number of uhiversitles are glving
adequate gresduste training in mathematicslto prepsre for
advanced courses, The.student who hopes to become a mathema-
tlcal.statlstlcian should be sure to take in his esrly
undergraduate program a strong group of mathematics courses
including celculus.

The training of the applied statisticlan is bssed not
only on mathemetics through first year calculus, but on
various courses in applled statistics together with sub-
stantial training in the flelds to which he expects to
apply h;s statlistics. Courses 1in applied statlstics
beyond the ususl 1ntroductpry courses in statistics include
analysls of varlance, design of experiments, quallty control
and englneering statistics, blometry, survey samplingEand its
applications, economic‘statistics, and psychometrics.,

The demand for stetisticelly tekained persons in busi-
ness, industry, government and other nonacademic fields has
been great. There are more women with statisticsl tralning
employed in business and government than in college and
university teaching, and there sre substantlal numbers
enmployed in industry ss wéll., The nonacademic fieldsﬁhhich

account for most of the recent growth of interest in statls-



tical methods are (1) industrial statistical quality control,
(2) design of experiments in 1ndﬁstrial research snd devel-
opment, (3) relaéability analysis, (4) information theory and
communications, (5) research 1n‘the bilologicel sciences, (6)
collection ahd analysis of government stétistics, (7) market
research snd commerclial sample surveys, and (8) psychological
testing. There are also flelds in which there is an increased
need for statlisticlans, such as finance snd taxes, labor and
employment, prices; production, and national income analysis.
Of all these fields, industrial quality control has
grown fastest. Statistlical quality control methods were
initiated about 45 years ago by bell Teiephone engineers
for the purpose of malntaining uniform quality of the thou-
sands of kinds of pileces of telephone equipment required by
the telephone system of the country. These statistical
methods were introduced widely and rapldly into many mass
productioh industries during the war. At the present time
they are being employed in chemical and other industries,
The teaining requirements for personnel to meet the needs
of statistical quallty contrbl work consist of one or two
course; in engineering statistics in addition to the usual
chemical, electkical, and mechsnical engineering curricula;
People who specialized in statistics at the bachelor's
or doctor's level are being employed in industry in indreas-
ing numbers. BResearch and development organizations com-

T
monly provide stetisticlans to consult with other scientists



on the deslign of experiments snd anslysis of data. The need
for reliability’of complex items, such as missile systems,
has created a demand for both theoretical and applied statis-
tical work. An increasing number of problems in the field
of appllied probsbility sre to be found in industry. Many

of these involve the analysis of continuous observationé,
such as the flight of an aircraft or selismic fluctuations,
and involve highly soohistlicated statistical techniques in
the relatively new field of stochastlic processes. Others
involve the theory of efficient transmiséion of informsastion,
including the reception of informstion from satellites.

Interest in statistical methods in biological sciences
has also grown raepldly in recent years. Statistical anal-
ysis 1s being more and more widely applied in agricultural
experimentation, blological éssay, public health studies,
and medicai research, The trsining reauired for this work
is at the graduatellevel in one of the btidlogical sciences,
with 2 minor in stetistical methods.

In the fleld of. government there has been a considerable
increase of statistical activity in suéh fields as sampling
surveys in census work, economics, soclsl security, and
labor statistics. Sampling methods are becoming more and
more widely used as an effective and economical way for
obtaining information needed in government work. LXxperts
in sampling methods require graduate tralning in mathematical

statlstliecse
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Statistical methods héve long been used 1n‘businéss
operatioms, One of the most important recent developments
has been the application of Sampling survey methods to busi-
ness problems as a mesns of gathering many kinds of soclal
and economic information for commercial purposes. Manufac-~
turers and market research firms spend large sums of money
every year to determine consumers' buylng habits, brand
preferences and oplnions, for use in meking business decti-
sions. Magazine and newspaper resesrch organizations, radilo
and televislon broadcasters and advertising agencles make
studies of reasding and listening habits for use in guiding'
editorial and advertising policy. Sampling methods are
playling a fuﬁdamental role in obtaining this kind of infor-
mation., Statisticians with training in economics snd the
social sclences and in the applications of sampling theory
are being sought for this kind of work. Information retriev-
al i a field of growing interest to business snd government
as well as to the academic community.

Psychological testing is another rapidly growing field
strongly dependent on ststistical methods. K This fleld is
cdncerned with the development of tests for the selection
of personnel for varlous purposes. Tests are becoming
widely used hot only in the selection of cendidates for
schools of ali kinds, but also for the selection of per-
sonnel for many kinds of positions in the trades and pro-

fessions. The modern theory of test construction 1}s bfoadly
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based on statistical methods. The training required is
graduate~level training in psychology and statisties.

Meny medical schools and most medical research organ-
lzatlons employestatisticlilans. Medlcal research is highly
émpérical, é&nvolving trials on animals and people with new
drugs and new techniques of treatment. The deslgn and analy-
sls of such experiments 1s an important new field.3

Mathematiclians in Industry

There has been a stikiags lncrease in the number of
mathematicians employed in industry in the last decade, and
there has been a great expansion in the number of areas in
industrial resesrch and developmeattin which mathaeamaticlans
have made important contributions. Industry must attempt to
solve its mathematlical problems whether or not adequately
trained msthematiclans are availlable. 1In the electronic
computer field alone, estémates of impending demand for math-
emeticlans range from thirty thousand to seventy thousand, of
whom at least half should have training beyond the bachelor's
degree, end 2 significant number should hold the Ph. D. Even
1f the supply of mathematically trained persons for computer
work 1is augmented by substantial numbers of trained women,
it 1s unlikely to reach even the lower figure for several
years. The number of large computing machines in use wss

about ten thousand in 1963 and is increasing rzpidly. Hundreds

31bid, pp. 11-14.
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of the faster machines require the services of ten or'many
more mathematicians each to analyze the problems they are to =o
solve, and to prepsre thelr programs of 1nstructibns.

Wheress mathematicians in industry in the decade fol-
lowing World War II were largely concerned with protlems in-
volving the use of advanced calculusy differentisl equations,
mechanicé and statistics, 1t would now be falr to say that
lmportant applications to industrial problems are furnished
by virtually 2ll well-developed mathematical disciplines,
including functlon theory, functional analysis, both partisl
and ordinary differential equations, geometry((including nén-
Euclldeén), and prébability. Numerical analysis and logical
deslgn have come to receive prime emphasis with the enormous
expsnslon in computer work, and industrial mathematiciens
have done a major portion of the advanced mathematical research
in these areas. Thus the increase in numbers of mathematiclens
needed byaindustry haéffzgpounded by an lncresse in the varlety
and depth of training required by modern techmology. Training
beyond the baschelor's degree level 1s.becom1ng essential in
many ereas. Collateral training in allied discipliines such
as englineering, physics, applied mechanlcs, or economics 1s
highly desirable for the industrial mathemstician, since he
must understsnd a problem in lts own settling before he can
design a mathematical model of it.

One who l1s considering a career 1n industrial mathematics

should be warned that there may be a conslderable dlfference

in particular of vliews between the practice of mathemstics in
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industry and in the universities. The primsry concern of the4
former 1s the actual solutlon of problems, whereas the academic
mathematiclan may'be concerned with quextions of exlstence

and uniqueness of solutions without having to actually ex-
hibit such solutions., The scedemic mathemaflcian may’ be con-
cerned with the logical organizatinn of = d}sclpline, wlthout
regard to its possible applications,_while the 1lndustrial |
mathematiclan seeks to find the mesthematics which msy be use-

ful in solving particular classes of problems and often in

extending "pure mathematlcs" to fit sltustlons of 1interest.
The difference 1s perhaps a matter of taste, since each en-
deavor -has produced mesthemztics of the highest caliber and
each demands commensurate stllitles. However, an ilndividual
mathematiclan may well be sulted to one kind of activity and
not to the other.u

In discussing the actlvities of industrial mathematiclans
it is cénVenient to separate levels of training or equivalent
experlence. The dutles of mathematiclans may differ considerébly
between those holding the Ph. D. degree and those holding
lower degrees. There may &dso be conslderable variance from
industry to industry in condltlons under which mathematiclans
at all levels are employed. Some industries, following the
lead of the Bell Telephone Laboratories, have segregated
mathematiclans into spgcial groups. Others mey'assign math-
ematiclans to groups consisting princlipally of englneers or
sclentists. There i1s an incressing tendency to attackipro-

blems with research teams consisting of members from various

“Ivia., p. 15.
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disciplines---engineers, physicists, mathematicisns, ﬁembers
of management, etc, There are instances where methematiclans
have emen headed such teams.

Service as a consultant 1s the primary function of a
mathematiclan in industry. In this capscity he cooperates
wlth engineers, physiclsts, other technical personnrnel, or
management, and must be able to discuss problems in thelr
language. A typlcal problem involves the mathematiclan in
three ma jor phases: (1) the formulation of the problem, (2)
its solution, end (3) the testing of the agreement between.
the solution and‘the experimental evidence.

"First, the mathematiclan constructs one or more
methematical models that simulate the problem
under study =snd embody 1ts essential festures,
and yet are amenable to analysls and molution.

In dee#ling with problems that are too complex for
complete analysis even with the ald of large com-
puters, the construction of appropriate models 1s
a functlion requiring the highest order of crea-
tive imsgination, and is often the most rewarding
activity of the industrial mathematiclan. The
successful model meker must have a sympathetic
understanding of areas such as fluld dynamics,
solid mechanics, structural design, or electro-
magnetic theory, in which hls problems arise. He
must also be able to comuwunicate effectively with
the persons responsible for the problem, both to
be able to understand more than superficislly the
essentlsl features of the problem, and to inter-
pret the results of hils work. The second phase,
the solution of the problem, may at times reguire
only routine application of well-known results,
but it mey adso tax the hlighest mathematical
abllities, and may sometimes require the devel-
opment of new, nonstsndard methods. A good
approximation to an exact solution may suffice,
but finding even thils may require great ingenuity.
The third phase, that of testing the solution
agalnst experiment, also requlres good mathema=
ticel work in the design of a mesningful exper-
lment and the interpretation of the data obtained
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from the experiment. gere statistical traininé
1s often QQVantegeous.

Almost all ms jor industries now hsve research laborato-
ries, in which mathematicisns frequently plsy an important
role in activities such as the development of new products,
the s2ttsinment of technical competence in new areas, and the
improvement of techniques for production. A few industries
mainteln latoratories for baslc scientific regearch, in
which mathematicians are free to devote a signi%icant portion
of thelr time to research of their own choice, even though
this may not be their principal aésignment. Mathematiclagns
chosen for such resesrch appdintments are usually selected
on the basis ofrtheir interest in applications of mathematics
to special fields, such ss mechanics, electromagnetic theory,
elasticity a2nd plasticity, or numericsl analysis.

Statisticisns are employed in large numbers by industry
in all phases of statistical work. The msthematical stetistie
clan may sct 2s an ~dviser in aress such as economics and
business administration, in which ststistical work is prima-~
11y nonmatnemsticsl. An ares of majorsemphesis at present
1s relisbility theory, in which methematiclsns are developing
theories to 1lnsure tnat design of products, reonlacement pol-
lcles, and oroper use and maintenance of ecuipment widl pro—'
vide meximum reliesble operation of complex systems.

Operations research 1g& another erea of important mathema-

tical investigation in which mathematical 2nalysis of operations,

5Tbid., p. 16,
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methods and products, provides a basls for sound maﬁagement
décisions. Por exemple, what kind of schedules, routes snd ol
planes are best in operating a commercial airline, or how
many persons are needed to most efflclently meintain a tool
crib, or what new markets should be mought? Sophlsticated
mathematidal techniques have been developed in this area,
including the useoof linear and nonlinear programming,
dynamic progremming, graph theory, and gqueuelinyg theory,

| The area of computing will continue to absorb large
numbers of competent mathematiclans for programming, numer-
ical anaiysis, end loglcal design. EBmphasls will certainiy
be pleaced on advenced training for a large percentage of
these people. Imaginstive and efflcient programmers are
needed to prepare operating instructions for machines that
are required to solve non-routine technical problems of
incereasing complexity; Procedures that can shorten the time
required}for computation on an expensive modern electronic
computer, improﬁe i1ts accuracy, or guard agalnst breakdowns
in the‘computing process, can be very slignificent. Numerical
analysts, most of them holding the Ph. D, degree, will bte in
éreat demand to analyze problems fpsm the point of view of
finding the best numericsloprocedures for insuring both sta-
bility of the procedure snd convergence to the actual solution
of the problem. The logical deslign of new computers will also
requlre the services of large numbers of highly trailned mathema-
ticlans. Effectlveness &Ba& programmer presupposes aﬁ appre-

clation of the nature of the problems requiring solution.
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Since many persons trained excluslively 1in mathematids have an
inadequate background in allled disciplinss, there 1is an
1ncrea$1ng trend to employ as pregreammers persons who have
had training in engineering or related fields. ’

The teaching of courses within industries is an activity
of methematiclans that 1s Jjust bedoming extensively appreciated.
Such courses are needed both to acuqeint the engineering per-
sonnel with new developments, s2nd to retrain and upgrade the
various technical staffs.

Industrial msthematiclans not only submit reports of
thelr work for internal consumption within their company,'but
many are active in publiadting these or other articles in
-mathematical or technical Journsls. Journal contributions
of industrial mathematicians are now qulte comparsble to those
of academic mathemsticlans, and a significant proportion of
recently published mathematicel books have suthors who are
employedzin industry. 1Industrial msthemsticlens form a large
proportion of the membership in the vsrious mathematicsl
socletles, and m=ke noteworthy contributions in research
papers, lectures and sd’resses nresented at professional
n;eetirip;s.6 | | )

In the psst, msthemeticl=ns in iIndustry wlth training at
the bachelor's level have dealt largely with routine eomputa-
tions, the simpler problems in programming for digltal

computers, data processing, snd similar tesks to ass{§t senlior
5 - A

%
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personnel. However, 1t 1s perhaps falr to ssy that present
trends do not present an optimlistic outlook for employment
of persons who>hpve esrned only a bachelor's degree in
methematics snd o not also have strong supporting courses
in enélneering, physics, or economlcs. Majoring in one of
these flelds wlth a strong minor in mathematics is better
training for the computing field than majoring in msthematlcs
with out supporting courses in these flelds, Colleges and
universities sre 6Efeming programs of Ilnterdisciplinary
trairing to alléviste the shortsge of bachelor&swho combine
the renulsite mathemstical knowledge with broad backgrounds
in allled flelds; tut such programs are few and as yet
experimentsl,

Industrial mathemsticlans with the master's degree ahtso
will usually work under thessupervision of senlor methemati-
clans. They shallld have some soléd ﬁraining in engineering,
physics, 'economics, or allied fields. Much of the programming
for COquting.machlnes, and & conslderable amount of numer-
lcel analysis may be done by people at this level. They may
be responsible forssuch activities as the collection =and pro-
éessing of data,-computstions on large electrohic computers,
preparation of graphs, solution of enuations, snd evaluation
of,integrals. This work may bg challenging and not purely
routine; it may contribute significantly to the education of
the individuael snd prepare him to assume larger responsibilite

itles, comparsble to those asslgned to the me thematielan who
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has earned the doctorate.?’

What kind of mathematics do industrial mathematicisns
use? It would be a mistske to say that they use dnly
advanced mathematics. It 1s true, that 1n assisting engineers
in solving their problems, mathematiclans are most likely to
use advanced mathematics since the more elemé;tary problemsv
would be ®olved without thelr assistance. But in research
such ®imple processes—ﬁ% algebra, trigonometry and the elements
of calculus are the most common and the most productive. They
frequently lesd to results ofbthe greatest/practical laporé
tance. The single sidebsnd system of carrier transmission,
for example, was & mathematicel invention. It virtually
doubled the number of long distance calls that could be
handled simultaneously over a given lime. Yet the only mathe-
matics involved in its development was a single trigonometric
equation, the formula for the sine of the sum of two angles.
Next in the order of importance are linesr differential
equations with constant coefficients which are used exten-
sively in studying vibrations of linear mechanlical, scousticsl,
and electrical systems conslisting of "lumped" elements.
Among the less frecuently used subjects are calculus of varia-
tions and integral eauations. These are the basicttypes of
applied mathematics common to all fields of spplication., In
addition there are types with a speclal physlical flavor:
Hechanics, dynamics, elasticity, potential theory, fluid

flow, and electrodynamiés.

f1nla e i)



17

An applicant for a Job 1s not expected to be conversant
with speclific fields of activity in industrial laboratories;
but he 1s expected to be equipped for attacking these prob-
lems effectively. Hefe,llmagination, originality, and abllity
to make simplifying assumptlons without sacréficing the
- practical value of the results count more than specialized
treining.

The comgmunicstion field is the one in which mathematical
methods of résearch have been most widely used. The problems |
are verled 1n character: electrlical, acoustical and mechanlcal.
Mathematlcel sctivity 1s most intense in deslgning wave
filtefs and equglizers, in studying trensmlssion by wlre and
radlo, in providing a rational basls for the design of 1nstrﬁ-
ments such as trsnsmitters and recelvers, vacuum tubes,
- televlsion scanning devices, etec, Most actlivitées consist
in solving specific problems. In addlition there are long
renge acéivit&es in developing more effectlve methods of
handlihg varlous classes of problems. Mathematlics 1s
invading general thinklngs about communlcation; a basic theory
of information end its transmisslion is being developed. Most
recently the design of control systems has become an lmpor-
tant ares of research.8

Mathematiclans in Government
The oversll fole of the Federsl Government 1n support

of activities requiring the services of lndividuals W}th

Ibid.
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mathematical skills and knowledge 1s shown by the: amcunt of
money the government contributes. $4.4 billions were spent
in 1963 for resesrch activitdes in the physical sciences,
space sclilences, and operations research in which mathematics
and mathematiclans were integrated into team efforts.- One
and one-half billions of the $4.4 billions were for basic
research activities. Projects clesrly identiflied as mathema-
tics research were supported by obligstions totaling §67
millions, of which $34.9 millions were for basic research.9

While the amounts listed are for 211 support kty the Fed-
eral Government, most of the money was disbursed through
grants and contracts to nongovernmental agencies. Of the
monies listed, 75% wss dispursed to private industry, 14% to
support governmental establishments, 9% went to colleges and
universities, end 2% went to nonprofit organlzgtions.lo

By Federal agency, the money was obligated as follows:
58% by the Depertment of Defense; 22% by the National Aer-
onautics snd Space Administration; 9% by the Atomic Energy
Commission, and (% by the Depsrtment of Heslth, Education,
snd Welfsre, The remaining 5% wes from sll other Federal
agencies. Obviously employment of mathem@ticlans for work
performed for the Federal Government 1s expressed through a

number of channels.11

If a young man or woman enters government service (or

the service of s university working on a government contract)

91pid., p. 21. 101p14., My44.
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es a mathemstliclan or statisticlan lmmediately after'graduation
from college,.thls Job will almost surely have some computa-
tional aspect. Finding numericel solttinms of differential
equations, or some very similar problem, is likely to be
assigned to him. In general it 1s expected thast the beginning
mathematician will perform miscellaneous dutlies which are
specifically assigned a&andwwhich involve a variety of standard -
mathematicsl techniques. Assignments typlcally are confined
to a féw relative processed and require a2 minimum of mathema-
tical judgment, althouglithey require sound'collegiate train-
ing in mathematlcs. The usual courses througnh differential
equations and some work in mathematicsl statistics are desir-
able.

As one proceeds to positions in higher grades--and one
can quallify usually by a combination of experience and study--
the level of work becomes more difflcult and the responsibil-
ity greaéer. Very freaquently, 2s 1in lndustrial laboratories,
a combination of mathematical competence with bsckground
training in one or more fields of scilence may be needed for
higher positions; a student of mathematics would be well
sdvised to take account of this in choosing hils courses in
college.,

The tyves of mathematical work carried on in government
posts are extremely varied, and call on the widest backgrouhd
of training in msthematics. For an assignment on ongnof the
senlor levels, a Ph. D. 1in methematics or mathematicéi statis-~
tics and a good deal of maturity in mathematics and in apolying
mathematics to physical or englineering problems afe prac-

tically essential.
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There =re phases of cowmsuting aporopriate to all the
levels of professinnel activity., The need to get numerical
answerg to real problems which can be solved only approx-
lmately makes extensive computling necessary. Many problems
have in the past been solved by very rough aporoxlmations
because the amount of computing was progibitive, Now, the
newest development 1n large high-speed comsuting m-canines has
mcde it possitle to improve grestly the sccuracy of our apnrox-
imations tn some of the most difficult protlems. Kew mathema-
tical results are needed in order that these mschines may bve
used effectively, The government has a research proaram
invelving professionsl mathematiclians at the highegt levels
who =re trylng to secure some results in thés direction. Thus
computing involves mathem2tical work at all profes.:ional levels.

Simiksrly there are aonliecstions of mathematics in nre-
liminary studies of desligns of all types of engineering equip-
ment. 'Tnese étudies extend from relatively simple equipment
to compliceted structures like aipplanes, snlps, o2nd missiles,
aﬁd there is a corresponding varlety in tne professional level
of the methemsticlsns working on such studies. Activity of
this sort 1s csrried on in many military development progrems
in an attempt tn secure_the test operating 6h9racteristics
with the lesst experimental cost.

mathematical statistics is playing an increasingly
lmporteant role in governmeﬁt establishments in the designs and

analysis of experiments, and in the acceptarice of materilals
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purchaeed for the government. Thus there are positibns at all
levels for well-trained persons in this field. '

A new activity in government which has a cdnsideragle
appeal to well-trained masthemeticlans 1is operations research.
The primary'government activities in this connection are
concernéd with problems of military operations, logistics,
and strategy, and in the study-of optimum mebhods for employ-
ing the complex equipment of modern warfare, The possiblil-
1tiés of this technique are belng extended to program_planning
and man»sgement also, and adaptation of mathematical metnods
to a widelvariety of such problems 1s under way.

Clearly there are counterparts in government of many of
the activities czrried on in private industry, and there is a
legally protected Job securlty compesrable with the faculty
tenure system of unlversity employment. Working comditions
are ln most cases comparable with those in 1ndustry.12

Thig Job security is called Civil Service. In 1961
there were 4671 individuals employed in Civil Service posi-
tions as mathematlicians, mathematical statisticlans,ssnregy
statisticlians or éctuaries. A survey in 1960 showed that about
ih% of those employed in mathematical or statisticel work in
government and industry were women, and that 22% of those who
were under 30 years of age were women., The employment of
women by the governmenﬁ in positions of mathematics, statis-

tics, and computing ls spparently increasing. There 1ls the
7

b
2

121bid., p. 22.
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added opportunity in the Federal service for employmént or
reemployment irrespective of =2ge, so that qualified women
will heve opportunities to return to a mathematical caréer
after marriage and child-rearing.

Except in certain beginning positions, examinstlons
for sclentific positions intthe Federal Government are
"unassembled," that is, they are based on a review of the
candidate's ekperience, education, snd training. Cloil Service
positinns are clessified in a series of GS (General Service)
ratings, 4h which professional personnel range foom GS-5
to GS-18. College graduates without experience can normally
qualify for GS-5 and occesionally GS-%. Those with advanced
degrees or experience can enter at correspondingly higher
grades, The GS grade assigned to each position in the Civil
Service corresponds to the scientiflic levgl of activity
expected in the positiony for many positions above grade GS-13
the ratihg takes into account adminlstrative or supervisory
expectations along with the sclentific requirements. Approx-
imetely 40% of theé Peovle employed in msthemetical positions
1n the Femteral Government have previously worked wither for
private industry or for universities and colleges.

Most of the mathematlcal positlions intthe Féderal governs
ment are in the Department of Defense, principzlly in the
various research laboratories of the Army, Navy, and Air
Force. About half of these positions involve applieq

research and development with the remainder dilvided between
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baslc research, administration; and operations reseafch. ,
Other agencles which emplep a significant namber of mathema-
ticlans are the National Aeronautics and Space Administration '
and the National Bureau of Standards. In each of these
agencles, the mathematical positions are principally con-
cerned with baslc research and applled research and develop-
ment, in &bout equal 'ﬁroportions. A recent survey shows
that approximately  one-third of the persons in mathematical
positions hold a maester's degree (26%) or doctor's degree
(7%). |

While future professional opportunities for mathema-
ticisﬁs with the Federsl government are difficult to predict,
a recent manpower revort shows that Federal employment in '
connection wilth computer usage will probably continue to
grow, although at a lesser rate than during the immnedliate
past.13

Actusries

The professional activitées of actuaries include almost
every lmportant fleld relating to the provision of insurance
or annuity benefits on élther an individual life or a group
besis. Actusrles traditionally have peen, and still are,
responsible for determining the premiums which companies
charge for insurance. However, there are relatively few
actuarieé who work exclusively in this fleld. Many more
actuaries are currently devoting their energigs to sugh

diverse flelds as supervising the accounting procedurés of -

131p1d4., pp. 23-24.
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insurance companies, preparing and spproving the texf of new
policy forms, establishing approoriste rasés of agency compen-
sation, developling new methods of 6ffice admg¢nistration which
will successfully exploit the advantages of the newest largé-
scale electronic computers, providing consulting services in
connection with pension plans set up by small or large‘corpoya
rations, etc, The reason why the seBvices of actuaries are
needed.in so meny aspects of the lnsurance business is that
in ﬁany of theseaareas'a complete understanding and effective
solution of the problems that arise require a thorough appre-
cilation of the mathemsticsal structure that underlies the |
1nsurahce business, Thus, although 1t ls not unusual for many
actuaries to spend weeks or months without writing down an
equation, proving a theorem, or engaging in other activities
that may be chargeteristic of the professional mathemetician,
the unlque contribution that actuaries bring to any field of
the insufance business with which they are concerned is their
thorough familisrity with the mathematical considerations
which govern the operstion of the busii.ness.lLL
Summary

Mathematics 1s useful in many filelds other than the
ones méready mentioned. Thorton C. Fry, former Mathematical
Research Director, Bell Telephone Laboratories, lists éight wWa.
ways in which mesthemstics is useful to industry in generél.
First, it provides a basls for interpreting data in terms of

a preconcelved theory, thus meking it possible to dréw

1uPrelim1nary Actuarial Examinations, Thlerteenth Edition
(Chicagos Society of Actueries, 1968), p. 2. i
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deductlions foom them regarding things which could not be
observed con¥eniently, 1f at all., Second, when data aré
incompatible witht the preconcel&ed theory, e mathematical'
study frequently alids in perfecting the theory itself, |
Third, it 1is fceQuently necessary in practlce to extrapolate
test data from one set of démensions to a widely different
set, and in such ceses some sort of mathemetical background
is almost essential. Fourth, mathemstics frequently sids in
promoting ecﬁnomy elther by reducing the amount of exper-
imentation required, or by replacing it entirely. Fifth,
sometimes experiments are virtuaslly impossible and mathematics
must fill the breach. Sixth,Amathematics i1s #ften useful in
devising so-called cruclal experiments to distinguish once
and for all between rival theories. Seventh, mathematics also
sometimes performs s negative service, but one which 1s
often of very great 1m§ortance, in forestslling the search
for the impossible. Eighth, mathematics often plays an
important part in reduclng compléceted mehhods of calcula-
tion to re=zdily avallable working form. 15
To sum up the function of mathemstics, and mathematiclans,
in the wvast Jungle of industry, one sentence wili suffice,
Mathematics 1s a language which simplifies the process of

"thinking end meskes it more reliable.16

15Guidance Pamphlet in Msthematics, op. cit., pp. 18-19.
161114, '
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