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LIFE SCIENGE

-

Life scientists 3tudy living .orga-
_nisms and their life processes. They
dre concerned with the origin and

" preservation of life, from the largest
wnimal tothe smallest living cell. The,

number and variety of plants and ani-
mals is 30 large, and their processes
80 varied and complex, that life sci-

entists usyally work in one of the
- three broad afeas—agriculture, biol-

ORY. or medicine.

"Life acientists teach, pei‘f'ﬂrm basic
research to expand knowledge of liv-
ing things.- and apply knowledge
gained from research to the solution
of practical problems. New drugs,
special varieties of plants, and a
cleaner envifonment result from the
work of life scientists.

This chaptes discusses’life scien-

tists as a group. It also contains sepa-
Jrate statements on biochemists and
soil scientists.

_BIOCHEMISTS

(D.O.T. 041.081)

¥
Nature of the Work

coMipasition and behavior of living

E‘isthemists study the chemical
things. Since life is based on compléx

. chemical combinations and reac-

tions, the work of biochemists is vitdl
for an understanding of repﬁ}duﬁ—
tion, growth, and heredity. Biochem-

" ists also may -study the Effé;:.ls of

food,
osganls

The methﬂds and technlques of
bma%zmlstry are appled in areas

ormones, or drug&cm vatious

such\as medicing, nutrition, and agri-
cu
_may, investigate cwes and cures for
! dseases, identify thnutrients neces-
sary to maintain-good hedlth, or de-
velpp chemical compounds for pest
control.

More than 3 out of 4 biochemists
work in basic and applied research
activities. The distinction between
basic and applied research is often

7
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ife. For instance, biochemisis -

QCCUPATIGNS

' one of degree and blmzhemlsts thay

. do bmlftypes Most, however, are in

basic research. The few doing strictly
applied research use-the rezuls of

problems. For example, knowledge
of how an organism forms a hormone
is used to synthesize and produce
hotmones on a mass scale,
Laboratory research  involves
weighing, filtering, distilling, drying,
anmd culturing (growing microorga-
nisms).. Some experiments also re-

quire the designing and constructing -

of laboratory apparatus or the use of
radioactive fracers. Biochermmists use
a variety of mstrurﬁents, including
electron microscopes and centrifug-
es, and they may devise new instru-
ments and techniques as needed.
They usually report the results of
their research in scientific journals ot
before scientific groups. °

Some biochemists combine re-
search with teaching in colleges and
universitjes. A few work in industrial
production and testing activities. -

Places.of Employment

"About 12,700 biochemists were
“employed in the United States in

Msny blochemists work in basic and ap-
plied remparch sctiyities.

ﬁ,
[

1976. About orie

basic research to solve ‘practical

-half are employed-
in colleges and universities; over one-

tﬁ:urth work in pnvate mdustry, pn-

drugs. mse«:t!cldes, and i;DSI’ﬂEII,ES. :

 some work for nonprofit research in-

stitutes and foundations; and others

“for Federal, State, and local govern-

ment agencies. Most government

biochemists do health and agricultur-

al research for Federal agencies. A
few self-employed biochemists are

‘consultants to industry and govern-

ment.

Training, Other Gualﬂic!ﬂam, .l

'ina’AdVinzémiﬁt

The mmlmum eduﬁatmnal require-

ment for. many begmmng jobs as a

biochemist, gsp:a;nally in research or -
feaching, is an advanced degree. A
Ph. D. degree is a virtual necessity
for persons who hope to contribute -
significantly to biochemical research
and advance to, many management
and administrative jobs. A bachelor’s
degree with a major in biochemistry
or chemistry, or with a major in biol-
ogy and a minor in chemistry, may
qual:fy sowme persons for entry jobs as
research adsiftants or technicians.’
More than 100 schools award the
bachelor's degree in biochemistry,

*and nearly all colleges and universi-

ties offfer a major in biology or chem-
istry. Persons planning careers as
biochemists should take undergrad-
uate courses in chemistry, biology,
biochemistry, mathematics, and
physies. . .
About 150 colleges and universi-

ties offer graduate degrees in bio-
.. chemiistry. Graduate students gener-
" ally are required to have a bachelor™s |

dﬁgree in bmc:h&mlstry, biology, or

‘themistty. Many graduate programs

emphasize oné shecialty in biochem-
istry because of the facilities or the
research being done at that particu-
lar :schodl. Graduate training re-
quires sctual research in addition to
advanceﬂ science courses 50 stidents
should select their schools carefully.

"For the doctoral degree, the student

does intensive research and a thesis
in one field of biochemistry.

Perzons planning careers as bio-

_chemists should be able to work in-

dependently or as, part of a team.

[
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- Precision, keen powers of gbserva-
tion, and mechanical aptitude also'
are important. Biochemists: should
“have fma!ym:al abilities and curious
‘minds, as well as patience and perse-
verance to complete hundreds of ex-
pe:ﬁmems necetsary to solve a single’
problem. They should also express
thém’selvea cles’rly whf;n writing 3’nd

: mgs of their reseax’ch ef’fecnvely

Graduates with advanced degrees
may begin theit careers as teachers
or researchers in colleges or universi-
ties. In private industry, most begin
in research jobs and with experience
may advance to positions it which
they plan and supervise research.

New graduates with- a baghelor's
degree usually start work as research
assistaniz or technicians. These jobs

- in private industry often involve test-

ing and apalysis. I the drug industry,
for example, resedb assistants ana-
lyze the ingredients Qf a product to
verify and majntain its’ punty of qual‘

ity.

Employment Ci?:jlﬂait

Job opportunities for biochemists

with advanced degrees should be fa-
vﬁrahle thmugh the mid-1980°s. The
nt of biochemists is ex-
kcted 1o grow about as fast as the

- average for all occupations during

this period. Some additional job

openings will result each year as bio- *
- chemists retife, die, or transfer to

other occupations. The outlook for

‘biochemists is based oh the assump-

tion that research and development
expenditures in biochemistry and re-.
lated sciences, primarily by the Fed-
eral Government, will increase
through the mu:i 1980°s, although at

* aslower rate than during the 1960s.

* If actual expenditures differ signifi-

- cantly from those assumed, the out.

look for ‘biochemists would be al(\\
tered. b

The anticipated growth in this field \5
- shculd result from the effort to find

cures for cancer, heart disease, and
other diseases, and from public con-
cern with environmental protection.
Biochemists will also be needed in
the’ drug and other industries and in
hospitals and health centers. Colleg-

i

es-affl universities ‘may need addi-
tional teachers as biochemistry en-
rollments continue to increase, .

" umings and Working
Conditions

Average earnings of biochemists

“were about twice the average for all
nonsupervisory workers in private in~

dustry, except farming. According o
a 1976 survey by the American
Chemical Society; salaries for experi-
enced biochemists averaged $18,000
for those with a bachelor’s degree;
$19,000 for those with a masters de-
gree; and $26,000 for those with a
Ph. D. .

- Starting sslsﬂes of biochemisis
employed in colleges and universities

are compafable to’ those for other -

faculty members., (See statement on

ing the natural environment. When
working in'laboratories, life scientists
must be familiar with research tech-
nigues and'.complex laboratory -
equipment such as electron micro-
Scopes. Ennwledgg of computers also
is*useful in conducting experiments.

"Nat all research; however, is per-

college and university, teachers else-".

where in the Handbook. )
Biochemists in research and de\réh
opment do most of their work in a
laboratory, but they also may write,
lecture, and Yo library research.

ii égurcé! of Additional
Informatlon

For. g&ne ral information on careers
.in blochenfistry, contact:
American ‘Saciety of Biological Chemists,
9650 Rockville Pike, Bethesda, Md.
_ 20014,

LIFE SCIENTISTS

(D.0.T, 040.081,041.081,041.168,
041.181, 041281) )

Nature qf tha Work

Life scientists, who study all as-

pects of living organisms, emphasize
the relationship of animals and plants
to their epvironment,

About one-third of all life scien-
ists afe prlrﬂar.ly involved in re-
search and development. Many con-
duct basic research to increase our
knowledge ch living organisms which
can bhe dpplh:cl in médicine, in in-

‘creasing crof yields, and in improv-

4

_ govemment in their areas nf

wherte, ﬁ:ir example,

formed in laboratories. For example,
a botanist who expltjres the volcanic
Alaskan valleys to see what plants
grow there also is doing research.

‘About one-third of all life scien-
tists teach in colleges or universities;
mapy also do independent research.
Almost one-fifth work in manage
ment or administration ranging from
plapning and administering programs
for testing foods and drugs to direct-
ing activities at zoos or botanical gar- -
dens. Some life scientists work as
consultants to business firmg or to
cial-
ization. Others write for t:r:hnlcal
publications or test and inspect
foods, drugs, and other products.
Some work in technical sales and ser-
vices jobs for industrial companies
they demon-
strate the pmpﬂ' use of new chemi-
cals or technica) products.

Scientists in iny life science
areas often call themselves biologists.
However, the majmlly are classified
by the type of nrgsmsm they study or

. by the specific activity %hey perform,

Botanists qeal prims i§ with plants
and their Eﬂvimnrﬁenu Some study
‘all aspects of plant life, \whlle others
work in specific areas guﬁ:h as identi-
fying and classifying plsnl; or study-
ing the structure of plants and plant
cells. Other botanists concentrate on

.causes and cures of plant diseases.

Agrohomists, who are concerned
with the mass development of plants,
improve the quality and yield of
ctops, such as corn, wheat, and cot-
ton, by developing new growth meth-
ods or by controlling diseases, pests,
and weeds. They also analyze soils to
determine ways of increasing icreage

“yields and decreasing soil erosion.

Horticulturists work with orchard
and garden plants such.as fruit and
put trees, vegetaples, and flowets.
They seek to improve plant ‘culture
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methods. for the beautification. of
communities, homes,. parks, and oth-
er areas as well as for i mtr:agmg cmp
quality and yields.
Zoologists study various aspects of

‘ animal life—its origin, behavior, and

life processes. Some conduct experi-
mental studjes with live animals in
controlled or natural surroundings
while others dissect animals 1o study

the structure of their parts. Zoolo-’
gists are usually identified by the ani--

mal group studied—ornithologists
(birds){ entomologists (ihbects), and
manimalogists (mammals). "

Animal husbandry specialists do re-
1 bn the breeding, feeding, and
diseases of domestic farm animals.
Veterinarians study diseases and ab-

_normal functioning in animals. (See
‘statement on veterinarians elsewherse

-

ih the Handbook.)

Anatomists stidy. the structure of .
organisms, from cell structure to the

formation of tissues and organs.
Many specialize in human anatomy.
Research methods may entail dissec-
tions or the use of electron micro-
scopes.

Some life scientists apply their spe-
cialized knowledge across a nuniber
of areas, and may be classified by the
functions performed. Ecologists, for
example, study the relationship be-
tween organisms and their environ-
ments, particularly the effects of en-
vironmental influences such as
rainfall, temperature, and altitude on
organisms. “For exggpple, ecologists
extract samples of plankton (micro-
scopic plants and animals) from bod-
ies of water to determine the effects
of pollution, and measure the radio-
dctive content of fish. )

Embryologists study the develop-
ment of an animal from a fertilized
egg through the -hatching process or
gestation period. They investigate
fhe causes of healthyyand abnormal
development in animals.

Mu:rabmh}gm: are life sﬁmnhsts
who investigate the growth and char-
act l_gﬂtlﬂ! of microscopic organisms
such”as bacteria, viruses, and molds.
They isolate and grow organisms for
close examination under a micro-
scope. Medical microbiologists are
concetned with the relationship be-

4
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tween bacteria and disease or the ef-
bacteria. Othér
microbiologists May specialize in soil
bacteriology, (effect of microorga-
nisms on soil fertility), virology {vi-

Tuses), or immunﬂiag'jr (mechan' gms
that fight infections). |
Nutritionists examine Lhe bodily
processes through which food is uti-
lized and transformed into energy.
They learn how vitamins, minerals,
proteins, and/other nutrients build
and repair ti
Pharmacologists- conc
animals such/as rats, guinea pigs, and
monkeys to determine the effects of

drugs, gases, poisons, dusts, and oth-,
er substances ‘on .the functioning of

tissues and organs. They may devel-
Op néw or lmpmved drugs and medi-
cines. e

- Pathologists spzmahzs in the ef-
fects of diseases, parasites, and in-
sects on human cells, tissues, and or-

ga’ms Dlhers may investigate gegmtic"

are mclude:j in sgparatz stat.emenls o

‘elsewhere in the Handbook, *~ .

Places of Emplnymjﬁt

An estlmaled EDS ,000 persons
worked as life scientists in 1976. Al-
most 40,000 were agrigultural scien-

" tists, about 100,000 were biological |

‘scientists, and about 65 000 were
medical scientists. . .
Coleges and umvefsmes emplny

nearly three-fifths of all life scien-
tists, in both teaching and research’

jobs. Medical schools and hospitals
also employ large humbers of medi-
cal investigators. Sizable numbers of

_specialists in agmrmmy homeultur:.

animal husbandry, enmmnlugy, and
related areas work for State agricul-

tural colleges and agricultural experi-

ment stations, :

About ‘18,000 - life . s:lentlsts
worked for the Federal Government .
in 1976. Of.these, over half worked
for the Department of Agriculture,
with large numbers also in the De-
partment of the. Interior, and in the
National Institutes of Health. State:
and local gnvernmems :gmbmed
employed about 32,000 life scien-
tists. ) . =
.Approximiately 40,000 life scien-
tists worked in private industry,

“ Lite sclentists study living organisms snd thelr life procesass.

5
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- master's dcgrgg is sufﬁ,cmm t‘csr some
jobs in applied research and college

-

~ '-.‘ 1 , N
i\\ ‘i . 7 &. S s
D!tsli '\i the phsrmsceutlcal mdus-

" trial chemical, and food processing.
“industries in 1976. About 6,000

* worked for mmprgfit reséarch or-

gam:atmn; nnd foundations; a few

w#te self—emplgyed

-'Life sciengists are dismbutsd fairly
gv:nly througlidut the United States,
but employment is cencentrated in
some metrap«;htan areas—for exam-
ple, nearly 6 percent of all agricultur-
al and biological scientists work in
the Washington, D.C., metropolitan
aréa. Life sciénce teachers are con-
centrated in communities with large
universities. | .
Training, Other Qualifications;

‘and Advancement

Persong geking a.career m the life

advam:ed degre:. T!i:, Ph! D! degree
generally is required for college
leaf;hing. f@r iﬁdependem resesmh

teaching. A health science degree is

‘necessary for some jobs in medical .

research (See. section on health
occupations elsewhere in the Hami-
book.) %

The bachelor’s dsgfee is \adequate
preparation for some_beginning jobs,

those who hold no higher degree.
New graduates with a bachelor’s de-
gree can start their careers in testing
and inspécting jobs, or become tech-
nical sales and service representa-
tives. They also may become ad-

.vanced technicians, particularly in |
medical research or, with courses in_

educdtion, a high school biology
teacher. (See statement on second-
ary school teachers elsewhere in the
Handbook. )

Magst colleges and urriversities of-
fer life science curriculums. How-
ever, differem scl‘l’cu:ls may Empha-
For example. liberal arts calleges
may emphasize the biological scienc-
es, while many State universities and
land-grant colleges offer programs in
agricultural science.

-Students seeking careers in the life
sciences should obtain the broadest

in blnlgg and m

.Courses taken should’ mcludg bml-'
" ogy, chemistry, physu:s and math:-

matics. ' .
Many colleges and universities
confer advanced degrees in the life
sciences. Requirements for advanced
degrees usually include field. work
and laboratory research as well as
classroom studies and preparation of -
a. tilsis. . o
spective life scientists should
sgable to work independently or as
! i::f a team and must be able to
ate their findings in clear
and concise " language, both orally
and in writing. Some life scientists,
such as those conducting field re-
search in remote areas, must have
good physical stamina. .
Life scientists who have advanced
degrees usually begin in research or
teaching jobs. With experience, they
ma'y advsmze: ‘to jabs su':h;as supervi-

Employmant Outlook

Employment opportunities for life
scientists are expected to be gopod for
thogaeawith advanced degrees through
the -1980s, but those with lesser

‘degrees may experience competition

L . ) A " for available jobs.
but promotions often are limited for - ]

However, a life
science degree also is useful for entry
to occupations rélated to life science
such as laboratory technology and
the health care occupations. Employ-
ment in the life sciences is expecied
to increase faster than the average
for all occupations over this period.
In addition, some openings will occur
as life scientists retire, die, or transfer
to other occupations.

Employment in the life sciences

‘will grow as a résult of increased

interest in preserving the natural en-
vironment and a continuing interest
in medical research. Employment
opportunities in industry and govern-

. ment should giow as environmental

research and development increases
and new laws and standards protect-
ing the environment are enacted. Ad-
ditional life science teachers will be
needed if /college and university en-

roliments lincrease as expected.

'
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Life sclemisti receive felanvelg h

high salaries; their. average earnings

are more thar twice those of nonsu-,

pervisory workers in p;wate industry,
except farmmg

'Beginning 3alary offers in private
industry in 1976 averaged $10,900 a

year.for bachelor’s degree recipients ~
fence and $10,200.a

in agricultural g¢
year for ba«:he r's degree rEGlplEﬁt-S
in bmlagiﬁal science.

In the Federal Government _-it;

1977, life sclentlsts having a bache- .

lar ] degre: could begin at $9,303 or

$11,523 a_year, depending on their
:olleg& records. Life scientists having
the maﬂers degree could start at

'$11,523 or $14,097, depending on

their academic records or work expe-
riencé. Those having the Ph. D~de=
gree could, begin at $17,056 or

$20,442 a year. Agricultural and bio-"

logical scientists in the Federal Gov-
ernment averaged $21,600 a year.

Earnings of all life scientists aver-
aged about $20,300 a year in 1976,
accarding to the l]mit:d data avail—
able.
M.D. dggrge gen;:ally earn more
than other life scientists but less than
physicians iff private practice.

Most life scientists work in well-
lighted, well-ventilated, and clean
labaratories. Some jobs, however, re-
- quire working outdoors under ex-
treme weather conditions, doing
strenuous physical labor.

Sources of Additional

f information

General information on careers in -

the life sciences is available from:
American Institute of Biological Sciences,

1401 Wilson Bnnlevard Arlington, Va.
22209,

Amierican Society for Horticultural Science,
National Center for American Horticul-
ture, Mt Vernon, Va. 22121,

Amefican FPhysiological Society, Education
Office, 9650 Rockville Pike, Bethesda,

Md. 20014,

Special information on Federal
Government careers isc available
from: .

U.S. Civil Service Commission, Wafington
Area Office, 1900 E St. NW ., Wuhmg—
ton, D.C. 20415,

st
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" to analyze in the laboratory.
the soils in an area have B:regn classi-,

L SCIENTISTS

' (D.O.T. 040.081) /-

Nature of the Work

Because soil is one of our most

valuable resources, it must be used’

wisely. Soil scientists help to accom-
plish this by studying the physical,
chemicdl, biological, and behavioral

“ characteristics of soils, A large part

of their job is categorizing soils ac-
cording to a national classification
systemn. To do this, a sqil scientist

irlvestigates the soils at'various plac&s»

within an area, often taking :.?mples

fied, the soil scientist prepares a map,
usually based on aerial photographg,
which shows soil types throughout
the area as well as landscape fea-

' .tures, such as streams or hills, and

physical features, such as roads or

F

Once

property boundaries. A

=cause different types of soil are
beyfer suited for some uses than oth-
soil type maps are invaluable
todls for urban and regional planners
concerned with land use.' A”planner
who may wish to locate large build-
ings, such 4s factories or apartment
buildings, on a secure base would
look for firm soils containing clay. In
contrast, sandy soils drain much bet-
ter than clays, and thus are better
su’ited f’nr uses that require good

tmn. é small bul !\ncreasmg number
of States require certified soil scien-

. In addi-*

tists to examine soils and determine

their drainage capacities before issu-
ing building permits for lots on which
residences using septic systems are to
be built. '
Besidés the rﬁany sml scientists
who are employed mappmg soils,
some conduct research into the

chemical and biological properties of .

soils to determine their agricultural
uses. With the assistange of agricul-
tural technicians, they set up experi-
mernits in which they grow crops in
different types of soils to determine
which are most productive for cer-
tain crops. They also may test the
effects of fertilizers on various types
of soils to develop fertilizers adapted

o ¥
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to partibiylar soils
|mprﬁvs less pmductlve soils. Other

soil sciehtists, who have bazkgmunds N
, may inves-
nic materi- .

in'the biologidal sciences,
tigate the presence of o
alg in soils and study the effects of
these organigms on plant growth.

In recent years, mountimg concern
over the quality of water has led to

resaarch into the causes of pollution

and it has been found that sediment,
or soil runoff, is responsible for much
of the problem. Many Sla , in an

L

and to find ways to

¥

effort to comply with Federal anti- _~

pollution laws, now ernf::lny sojl sci-
entists to lnspec:f large highway and
building sites where végetation has

been stripped away, dnd agricultural

s where fertilizers have been ap-
plied, to make sure proper erosion
contral methods have been followed.

Places of Employment

An estimated 2,500 soil scientists
were-employed in 1976. Soil scien-

Maost soll sclentists work for the Fadersl Ewcrﬁﬁ:nﬁi Siate axperimanial sfatlons, and

collagas of sgriculurs.

7
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. tists work. all over the countfy, in

every State and nearly every county.
More than half were employed by the

Soil Conservation Serviceofthe US, .

Department ‘gf Agriculture. Some
worked for ir agengies of the
Federal Goverfifnent, State agricul-
tural experiment stations; and colleg-
s of agricultur®. Others were em-
ployed in a_wide raﬁge of other
public and private’ institutions, in-

ﬂeluding feﬁilizer ~companies, i:rii}ate

cumpames banks and other lem:lmg
agencies, real estate firms, land ap-

praisal boayds, State conservation °

departmen
agencies. A

§. and farm _management
_few are independent

consultants, and others work for con- _

sulting firms. In addition, some soil
scientists worked in foreign countries
as research leaders, consultants, and
agricultural manggers!

. \ .
Tralning, oer Qu:llﬂeﬂlun:;
and Advancement

" Training in a college or university
is important in obtaining employ-
ment as a soihscientist. For Federal
employment, the minimum qualifica-
tion for entrance is a bachelor's de-
gree with a major in soil science or in
a closely related field of study, with
30 semester hours of course work in
the biological, physigal, and earth
sciences, including afminimum of 12
semester hours in soils, For stadents
interested in working in the Soil Con-
ser’vatic;nﬁ" Service’. one Df the best
study uf hgw planls am:f smls mtsfact,
Also, a major in agriculture may en-
able an applicant to find employment
with the Soil Conservation Service.
In addition, courses in chemistry and
cartography, or mapmaking, are
helpful to people interested in this
career, and are required by some em-
ployers. Soil scientists often must
write reports decribing their work
and thus need some writing skilfs.

Soil” scientists who have been
trained jn both field work angd labora-
tory research may have the edge in
obtaining the best jobs, and an ad-
vanced degree—espécially a doctor.
ate degree—may be needed to ad.

#

" . 4 r -, "

vafce to the more responslble and .
better Paying resean;h jabs Also, a
strang background in shemnstr}- nay
be necessary for nbtammg re:
positions.

Many colleges and universitigs of-
fer fellowships and assistantships for
graduate training, or employ. gradu-
ate students for part-time teacRing or
researeh. -

A few States now require certifica-
tion of soil scientists who inspect goil
condifions prior to constfuction ac-
tivities. One such certification pro-
gram requires candidates for certifi-
cation te have a bachelor's degree

and 3 years of experience as a s0il

scientist, or a master’s degree and 2

years of experience. In addition, can- .

didates must complete a written ex-
amination, demonstrating their
knnwledge of soil science.

Soil scientists often can tfansfer to

related occupations such as land ap-

praiser or farm managefent advisor.

; e $17,046 to

Employment Outlook

One of the major objectives of (he
Soil Conservation Service is to com-
plete the soil. classification survey of
all rural lands in the United States.

. This program includes soil classifica-

iion and soil interpretation for use by
agriculturists, engineers, and land-

use planners. Although the number,

of soil scientists working on this proj-
ect has not changed over thé past
decade, about 100 openings arise
each year to replace those scientists
who retire, die, or leave the Soil Con-
servation Service for other reasons.

In addition, some employment

rc:_hg

- =

keep pace wnth the numbet nf..
jobseekers i in this field.

3

Earnings inﬂ Warking

# candiﬂnnl
The incomes of soil scientists -de-
pend u]:mri their education, profes-
sional expenenc: and individual
abilities. The entrance salary in the
Federgl service for graduates having

a B.S. deégree was $9,303 in 1977.
Theg may expect advancement to
$11,523 after 1 yéar of satisfactory
performance. Those who had out-
standing records in college, or a mas-
‘ter’s degree, started at $11,523, and -
could advance to $14,097 after |
year. Further promotion depends
upon the ihdividual’s ability to do
high quality) work and to accept re-
sponsibility| Earnings of well-qyali-
fied Federal 3gil scientists with sever-
al years of eyperience ranged from
8,725 a year.

‘Soil scientists Jgenerally spend
much of their timé doing field work,
which requires thefm to travel within
their area—usudlly within a county.
During inclement weathdr they gen-
erally work in an office, preparing
maps and writing reports. Research-
ers spend much of their time doing
experiments in fields and greenhous-
es5. .

Sou i nf Additional

Iﬁf rmation
Additional information may be ob-
taingd fram thz U. S (fi'vil Service

20415; U S, Departmem af Agncul-

growth may be expegted in Staté‘s.n* ture, Office of Personnel, Washmg— .

local government agencies as con-
cern for pollution and destruction of
our soil resources increases. Employ-
ment growth also is expected’in the
private sector of the economy,’in
businesses such as fertilizer manufac-

zturérs and with lending institutions
that make loans for farm lands, such

as banks, mortagage companies, and
life insurance companies. However,

openings for soil scientists may not

8

ton, D.C. 20250; any nffice‘\:f the
Depaﬂmen\ts Soil Conservation Ser-
vice; any college of agriculture; the
American Society of Agronomy, 677
S. Segoe Rd., Madison, Wis, 53711;
of the Soil Society of America, 677
8. Segoe Rd., Madison, Wis. 53711.

See also statements on chemists
and life scientists elsewhere in the
Handbook.
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y PHYSICAL SCIENTISTS

thslcal scientists mvemgate the
structure and compesition of the
- earth and the universe. Four phys-
ical science occupations are de-
, scribed in this sectioh: - astronomers,
chemists, food scientists, and physi-
cists. Astrmmmers study the nature

‘of the universe and the celestial bod-

ies, while chemists examine the Eﬂmf#
mlunn and interaction of substanc

es in the world around us.

_ FQ%
scientists search for better ways-

commercially process and preserve
food. Physicists study the nuclear
structure of matter and its relation-
ship to energy. ' A knowledge of the
physical sciences is also required by
engineers, environmental scientists,
and life acientists; these occupations
are described in separate sections
elsewhere in the Handbook.

Many phyéic:al ) su:iemis'ts ‘perfﬂfﬁi
our knnwle-;lge ‘of the universe. Phys-
ical scientists also employ the results
of research in the developmént of
new pmdui:ts and production pro-
Some physical scientists
teach_in folleges and universities.
Others, particularly chemjsts and

 food scientists, work in production

Q

and sales-related activities in indus=
try. ) .
Many high level jobs in the phys-
ical sciences require graduate educa-
tion and often a Ph. D. degree..

. ASTRONOMERS

/0. T.021.088)

Nature of the Work

‘Astronomers seek answers to ques-
tions about the fundamental nature
of the universe, such as-its origin and
history and the evolution of our solar
system. Astronomers—sometimes

called astrophysicisis—use the princi- )
ples of physics and mathematics to ,

study and determine the behavior of
matter and energy in distant galaxies.
One aibp!iu:aﬁxm of the information’
they “gain is. to prove or disprove
theories of the pature of matter and

-

- Ay

o
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gnergy sur:h as Emst:m s th:nry of
relativity. : :

. To make observations of the uni-,

versei astronomers use large tele-

instruments that can detect €lectro-
magnetic radiation from distant
sources, Astronomers of today spend
little time visually observing stars

“thiough telescopes because photo-.

graphic and electronic light-detect-
iffequipment is more effective with
dim or distant stars, and galaxies, By
using spectroscopes to analyze light

.from stars astronomers can deter-

mine their chemieal composition.
Astronomers also use radiotele-
scopes and other electronic means to
observe radio waves, X-rays, apd
cosmic rays. Electronid computers
are used to analyze data and to solve

_scopes, radiotelescopes, and other

w

complex mathematical equations

that astronomers develop to repre-
sent various theories. Computess also
are useful for processing astronomi-
cal data to calculate brbits of aster-
oids or comets, guide spseecrﬁﬁ and

LY . P

\mrk out !ﬂi;le,s E‘ar nangatmnal
handbobks..

.~ Astropomers usually speclahze in .

one of the many branches of the
science such as insttuments and teth-
nigues, the sum, the solar'system, and
the evolution

Astropomers who work on obser-

vational programs begin thejr studies

by deciding what Stars or other ob-
jects to qhservg and the methods and
instrumens to use. They may need to
design optical measuring devices to
attach to the telescope to make the
requifed measuréments, After com-

.pleting their observations, they apa-

lyz& the résults, present them in pre-
cise numerical form, ‘and ~ explain

them; on the basis of some theory. *
Astramt:msrs vsually spend relative-

W i

e time i actual obsérvation
and relavively more time in analy_?:mg
the large qusntules of 'data thatiob-
servatory facilities collect. =

. Someé astronomers cam:éntrata on
theoretica] probléms and seldom visit
observatories. They formulate theo-

‘ries or wmathematical models to ex-

plain observations made igsrller by
other astropomers. These astrono-

Almost all astronomers 4o rasesrch ar teach.

éncl interiors of stars. -
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" ing work.

T -
‘ L4

g the laws of physics to

nuclear energy sourtes becgme ex-

. hau:tz.d

Almost .all gstfénémers do re-
search or teach; those in colleges and

'uhivargitlgl often dn bﬁth ln séhmls

m:ng,pf astmnnmy or cmly srnall en-

. roMments in the subject, they often

teach gourses in mathematics or
physics as well as astronomy. Some
astronomers adminoister research
programs, develop-and design astro-
nomical instruments, and do consult-
¥

Places of Employment

Astronomy is the gmallest physical
science; only 2,000 persons worked
as _ghtronomers in 1976 xMost as-
tronomers work in colleges and uni-
versities. Some work in observatorias
operated by universities, nenprofit
organizations, ‘and the ngeral Gov-
ernment.

The Federal Government em-
ployed almost 600 astronomers and

space scientists in 1976. Most
worked for the National Aefonautics
and Space Administration. Others
worked for the Department of De-

_ fense, mainly at the U.5. Naval Ob-

servatory and the U.S. Naval Re-
search Laboratory. A few
astronomers worked for firms in the
aerospace field, or in museums and

- planetariums.

Training, Other Qualifications,
and Advancement

The usual requirement fér.a job in
astronomy is a Ph. D. degree. Per-
sons with less education may qualify
for some jobs; however, high-level
positions in teaching and research
and .advancement in most areas are
open only to those with the doctor-
ate. ] ¥

Many students who undertake

_graduate study in astronomy havg a

bachelor’s degree in astronomy. In
1976, about 50 colleges and universi-
ties had programs leading to the

‘mers develop mathematica) eqm;(
-tions usj
. compute, for example, theoretical
" models af how stara change as their’

L

bachelor's degree in astronomy.

However, students with a bachelor’s
degree in physics, or in mathematits

' \4 = .

with a physics minor, usually can
qualify for graduate pﬁ:grsms in as-
tmnomyi

About 55 umvgrsmes offer the Ph.
D. degree in dstronomy. These pro-
grams include advanced courses in
astronomy, physics, and mathemat-
ics. Some schools require that gradu-
ate students spgnd several mnn(hs

mst_ltutmns, the work pn:gram leia_d-'

ing: to the doctorate is flexible and
allows students to take courses in

their own particular area of interest.

Persons planning careers in astron-
omy should have imagination and an

zmqmsntwe mmd Perseverance gnd

s

&

and to work mdgpgndsntly alm are
important;

New graduateg wlth a bachelor’s or
master’s degree in astronomy usually
begin.as assistants in observatories,
pianétariums large departmé\itz tif'

t,n,:s, 'Government sgen:;es or mdus—

try. Some work as research assistants -
while studying toward advanced de- -

grees. New graduates with the doc-
torate ¢an qualify for teaching and
resesrch jﬁbs in éoﬂeges and univer-

ernmem and mdustry,
* Employment Outiook

Persons seeking positions as as-
tronomers will face keen competition
for the few available openings éx-
pected through the mid-1980’s. Em-
ployment of astronomers is expected

to grew slowly, if at all, because the 4

funds available for basic research in
astronomy, which cng\mamly from
the Federai Government are rmt ex-
many new pus;tlons Most apemngs
will occur as replacements for those
who die or retire. Since astronomy is
such a small profession,. {hefe will be
few openings.needed for replace-
ments. There will be keen competi-
tion for these openings because the

" number of degrees granted in astron-
ly will continue to ex-.

omy probap
ceed available openings.
Y i [N
Earnings and Waorking’
Conditions ’
Astronomiers “have relatively high
salaries, with average earnings mose

10

than 'twice. the average. earnings for e

m:nsupervisnry workers inh private m-
dustry, except farming.

In the Federal . vaernment ,in "

1977, astronomers haldmg ‘the Ph‘ D
degree could begin at $17,056 or
$20,442 depending on. their college
record, Those having the bachelor’s

deﬁee could _start at $9,30%} or:

$11,523; with the master’s degree at °

$11,523 or $14,097. The average
annual ‘salary for astronomers and
space. scientists dn the Federal Gov-
ernment was about $25,100 in 1977,
Astronomers teaching in colleges
and universities recelved salaries '
equivalent to those of other faculty

_ members. (See statement on cnllege

and umvemly teachers elggwhere in_
the Handbtmk )
Most astronomers spem:l most of
* their time working in offices or class-
rooms, although astronomers who
" make observationg may need to trav-
el to the observikg facility and fre-
quently work at night.

Sources of Additional
Information ° .
" For information on careers in as-
tronomy and on schools offering
trainig in the field, contact:
American Astronomical Society, 21§ FizRan-
dolph Rd., Princeton, N.J. 08540,

'C:HEMISTS
(D.O. T. 022.081, .168, .181

and. ZS”

Nature of the Work

The clothes we wear, the foodswe
eat, the houses in which we live—in
fact most things that help make out
lives better, from medical ¢are to a

i * . . ) o . .
cleaner environment—result, in part,

from the werk done by chemists.
Chemists search for and put into
»practical. use new knowledge about
substances. They develop new com-
pounds, such as rocket fuel; lmprove
foods; and create clnthmg that is
chemically -trgated against flamma-
bility, soil, and wrinkles. ,

Over one-half of all chemists work
in research and development. In ba-
sic research, chemists investigate the

r

o



Illny modern pm’duﬁii. Including pl!lllcl and other :ynlhﬂl:: h-v: raluhsd irﬂm

v rnasr:h in chemistry.

B

properties and composition of matter |

and the ldws that govern the combi-
nation of elements. Basic research
often has practical useés. For-exam-

ple, synthetic rubber and plastics
etearch on small

‘have resulted from-
molecules uniting to form larger ones
(églymerizatian). In research and
. development, new products are cre-
ated or improved. The process of de-
veloping a prodyct begins with-de-
scriptions of th¥ characteristics it
shsuldxﬁ@we If similar products gKist,
. chemists test samples to determine
their ingredients. If no such product
exists, experlmantgtlﬂn with various
sub :ﬂncgs yields a product with the
requlretbipemﬁgatmn§
Nsarly one-fifth of all chemists
work in production and inspection.
In production, chemists prepare in-
structions (batch.sheets) for plant
workers that specify the kind and
amnuﬂt of lngredleﬁts to use and the

exact mlxmg time for each stage in .
At Eégh Step, samples

IBE pm;ess
mdustry dﬂd gnv&mment standards.
Records and reports show results of

tests.

RU .

RIC. .

Aruitoxt provided by Eic:

=

“Others wosk as marketing orsales
repreientatives to obiain technical
knowledge of products sold. A num-

“ber of chemists teach in colleges and

universitiss Sume :hem‘ists' are con-

gm@ernment agencies
Chemists often !;p&t;alize in one of
the subfieldeof chemistry. Analytical
chemists determine the structure,
composition, gnd nature of substanc-
es, and é%ﬁjg new techniques. An.
outstanding example was the analysis
of moon rocks by an ifiternational
team of analytical chemists, Organic
chemists at one time studied the

‘chemistry of only living things, but

‘this area has been broadened to in-
clude all carbon ‘compounds. Whén
combi with other elements, car-
bonforms a vast number of substanc-
es. Many 'modern commercial prod-
ucts, including plastics and other
synthetics, have resulted, from the
work of organic chemists. Inorganic
chemists study compounds other

than carbon. They may, for example,

develop materials to use in solid state
electronic components. Physical
chemisfs study energy transforma-

*

/ 11

. ratory skills.

L T

Imns to ﬁnd new and better energy
sources. Increasingly, However,
GhEmISIS consider themselves mem- -
bers of new spemalues that. iaclude
two of the precedmg ﬁelds of more.
Biochemists; oftert’ congidered as ei-
ther chemisls, or life scientists, are
discussed elsewhere in the Handbook.
Some chemists spetialize in" “the
- chemistry | El:-f foods. (See statemem
on food scjentists elsewhere in. th‘e
Handbook.) :
Places of Emplaym:nl -
Nearly" ISD_DDD persons worked as
chemists in 1976. About three-fifths
.of all chemists work in private indus-
try, almost one-half- of them in the
chemical manufacturing industry.
Most Gthers work for companies

ents, petroleum, paper, and electri-
al equipment
Cnlﬂeges and universities em-

j:anufa:mring food, scientific instru-

; plnyed 25,000 chemists in 1976. A

equal number worked for State and
local- governments, primarily in
health and agriculture, and for Fed-
eral agencies, chiefly the Department
of Defense; "Health, Education, and
Welfare; Agriculture; and Interior.

* Smaller numpers worked for non-

profit research organizations.
Chemists are employed in all paits
of the country, but they are concen-
trated i in large industrial aréas. Near-
ly one-fifth-of all chemists were lo-

‘cated-inr four metropolitan areas—

New York, Chicago,. Philadelphia,
and Newark. About half worked in
six States—New York, New Jersey,
California, Pennsylvania, Ohio, and
Illinois, !

. Training, Other Qualifications,
aﬂd Advancamani

A bazhelors dzgree w1th a major
in chemistry or a related discipline is
sufficient for many beginning jobs as
a chemist. However, graduate train-
ing is required for many research and

-college teaching positions. Beginning

chemists should have a broad back-
ground in chemistry, with good labo-

=ges and universi-
ties offer a elor’s degree in
chemistry. " In addition to required
courses in analytical, inorganic, or-

About 1,175 col
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ganic, and physical chemitry, under-
graduates usually ;tudy mathgmatlés

and .physics. .

More than 350 collgges and uni-
versities award advanced degrees in
chemistry. - In graduate school, stu-
dents geﬂerslly specialize in a par-

ticular subfield of chemlstry He-.

quirements for the master's and

doctor's degree usually include a the-

sis based on independent research.
Studenhts planning © careers: as
chemists should enjoy studying sci-

‘ence and mathematics, and. should
like working with their hands build-
- ing scientific appara

tus and perform-

ing experiments. - Perseverance and

~the ability to concentrate on detail
and to work independently are essen-
Other desirable assets include .

tial:
an inquisitive mind, and imagination.
Chemists also should have good eye-
sight and eye-hand coordination.
Graduites With the bachelor’s de-

. Eree generally begm their careers in

government or industry by analyzing
qr testing products, woiking in tech-
nicalsales or service, or assisting sen-
ior chemists in research and develop-
ment laboratories. Many employers
have special training and orientation
programs which are concerned with
the special knowledge needed for the
employer's type of work. Candidates
for an advanced degree often teach
or do Tesearch in colleges and univer-
smes while working tuward advanced
degrees

"Beginning chemists with the mas-
ter‘s degree can usually go into ap-
plied research in government or pri-
vate industry. They also may qualify
for teaching positions i 2-year col-
leges and some universities.

The Ph. D. generally is required
for basic research, for teaching ‘in

- colleges and universitiés, and for ad-

vancernent to many admmntrauve

Employment Outlook
Employment opportunities in
chemistry are expected to be good
for graduates at all degree slevels
through the mid-1980’s. The employ-
ment of chemists is expected to grow
about as fast as the avergge for all
occupations during this period; thou-
sands of new jobs will be created
each year. In addition, several thou-

- d

+

.' ;and gpeqings wnll result each year as

chemists retire, die, or transfer to
other occupations.

. This outlook for chemists is based
on the assumption that research ang
development expenditures of govern-
'ment and industry will increase
through the mid-1980s, although at
a slower rate than during the 1960%.
If actual expenditures differ signifi-
cantly from those assumed, the out-
look for chemists would be altered.

Approximately three-fourths of to-

- tal employmeént is expected to Be in
. private industry, primarily in the de--

velopment of néw products. In addi-
tion,- industrial companies and gov-
erﬁ/;r,;ent agencies will, need chemists
to help solve problems related to en-
ergy shortages, pollution.contro], and
health care. Some. also will work in
Federal, State, and local crime labo-
ratories, .

Little growth in college and uni-
versity employment is expected, and
competition for teaching positions
will be keen. (See statement on col-
lege and university teachers EISE-
where in the Handbook.)

Some graduates will find openings
in high school teaching after com-
.pleting professional education
courses and other requirements for a
State teaching certificate. They usu-
ally are then regarded as teachers
rather than chemists. (See statement
on secondary school teachers else-
where in the Handbook?)

Gancjlllnn;

’ Earﬁings - Qf' chemists sveragéd
ﬂCﬂSUP&fViSGI'y w_nrkers in pflVEtE in-
dustry, except farming. According to
the American Chemical Society,
salaries of experienced chemists hav-
ing a bachelor’s degree averaged
$21,200 a year in 1976; for those

with a master's degree, $22,100; and"-

Private mdustfy pald chemlsts wnth
the bachelor’s degree starting sala-
ries averaging $11,500 a year in
1976,; those with the master’s de-
gree, $13,600; and those with the
Ph. D., $18,700. '

In colleges and universities, the ay-
erage salary of those with the mas-
ter's degree was $17,000 and of

bachelor’s degr:

b1

. . .
those with the Ph. D., $21,000. In

addition, many experienced chemists
in educational institutions supple-

“ meng ‘their regular salaries with in- -

come from consulting, leu:turmg, and .

wntlng -
Depending on a person’s cnllege

record, the annual starting salary in’
" thé Federal Government in 1977 for.

mexpenenced chemist with a
ree was either $9,303
or $11,523. Those who had 2 years

an

of graduate study could begin at °

$14,097 a year. Chemists having the
Ph. D. degree could start at §17,056

or $20,442. The average salary:for all.

chemists in the Federal Government
in'-1977 was $19,900 a year.
.. Chemists ugually work in modern,

well-equipped, and well-lighted labo- .
" ratories, offices, or classrooms. Some

hazard is involved in handling poten-
tiaily explosive or highly caustic
chemicals. However, when safety

-reguldtions are followed, health haz-

ards are negligible.

Sources of Additional
Information «

General information on career op-
portunities and earnings for chemists
is available from: & .

American Chemical Society, 1155 16th St
NW., Washington, D.C. 20036,

Manufacturing Chemists AssGeiation, 1835
Connecticut Ave. NW, Washmgh:m D.C.
20009. - 5

For SpEEIﬁC information dn Feder-
al Government careers, contact:
Interagency Board of U.8. Civil Service Exam-

iners for Washington, D.C., 1900 E St
NW., Washington, D.C. 20415,

" For additional sources of informa-
tion, see statements on biochemists,
chemical engineers, food sciemtists,
and the industrial chemical industry.
Information on chemical technicians
may be found in the statement on
engineering and science technicians,

. FOOD SCIENTISTS

(D.O.T. 022.081, 040.081 and
i 041.081)

Nature of the Wark

In the past, consumers processed

most fqr,:d in the home, but today

.



industry processes almost all foods.
A key worker involved in the devel-
opment and processing of the large
variety of foods available today is the
Jood scientist or food technologist.
Food scientists investigate the
chemical, physical, and biological
nature of food and apply this knowl-
edge to processing, preserving, pack-
aging, distributing, and storing an
adgquate, rutritious, wholesome,
and economical food supply About
three-fifths of all scientists in food
processing work in' research and de-
velopment. Others work in quality
assurance laboratories or in produc

tion or processing arcas of food
plants. Some teach or do basic re.
search 1 colleges and univensitics
Food scientists in basic tescarch
study the structure and composition
of food and the changes it undergoes
n storage and processing For exam
ple, they may develop new sousces ot
protems, study the effects of process
INZ ONn MICroOi ganisms, o1 sgarch (ol

factors that affect the flavan . lextus
ar appearance of foods Food scien
tists who work 1 applied gescarch
and
aned
ods The
ing 100

tritivus and cohancing their Tlavor

color, and tcxture

developiment veale new heuds

develop new proce.sing ncih

allan : tailst

st Las Ilnpn; ¥y

1% by miakin them mo.¢ au
y 4

Food sclan

nlists conducl telts (o ldsatlity
bacterial cultures.
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Food scientists insure that each

product will retain its characteristics
and nutritive value during storage.
They also conduct chemical and mi-
crobiological tests to see that prod-
ucts meet industry and fovernment
standards, and they may determine
the nutritive contents of productsin
order to comply with Federal nutri-
tional labeling Fequnremﬁznts

In quality control laboratories,
food scientists check raw ingredients
for freshness, maturltly, or suitability
for processing. They
chines that test for teffe 3
finding the amount of force neces-
sary 10 punctlure the item Periodical

ly. they inspect processiug line op
erations tu 1asure confurmance with
government and industry standards.
For example, scientists test pro
vessod tudds fos pro
tein, fut, con
fent after
%J,iﬁisgé&l!!é,
active and .nlwroblal levels are ade

quately low so that the food will not

sugal . staich
and

They make sure

ullneral
that,

vallilus ensy mes ae 10

vilamiln

sputl dds g sterage or present a safe
ly hazard Other fuod scientists are
I wilved 10 develuping and impiov
iy packhaging and storage methods

b aod sclentista 1 produ..tipn pre
, oae pagductiva specificattions
szheaule pruces.ing operations,
nialfilabi pivpet loinpes alur s and b
midtiy In storage areas, and supervise
aanllatio up:lallu i3 |Iikhidill5 lh(:

wasles (v bnvacase ebflc leicy U ey
advize aan .Agt:illhﬂ{ Sh the pur hase
of equipment and (ecommend new
acuives uf malcilals

Some food sclentiun apgds aheun
hoowledge in arcas suci, as noaiket
teacairch, adv. tllalg . and technical
aalea Othera tcach 14, Cedllepges and

uiilva allies
Fl<: 8=

TR R

PELE TS |

[ Y I ¥ Mrakls

Wl oson nliats o

fos 4 oax 2kl

1976 yood . 1+ 0

o te ovuth i atl weotors of thae £
tndustry cnd . ervery State The
types of prodiuits and paosvesser with

whicl they wurk .iay depend o.a the
locality For exasnple in Maine and
Idaho they wark with potelo process
ing, in the Midwest, with \;i:rz:al prod

we by anid nn:ulp;h.klng, and 1n Fleada

[
<

L

and California, with ulrus fruits and
vegetables.

Some food scientists do research
for Federal agencies such as the
Food and Drug Administration and
the Departments of Agriculture and
Defcﬁsa mhefs 'war'k in Stale rEgulax

gunsultmg ﬁrms and mt,:,rnauunal or-
ganizations such ag the United Na-
tiu‘is ijr'ne leaéh or du rEsEarcﬁ in

ment on L-i,l"t;gﬁ a1d umw-mty L:ach»
ers elsewhere in the Handbook.)
Trainindy, Other Qualifications,
and Advancement

A bachelor’'s degree with a major
i food science, or in One of the

physical or |ife sciences such as
chemistry anlkbh)l(;gy is (he usual
minimum requirement. for -beginning
jobs 1n fuod science. An ddvanccd
degree is necessary for many juhs
particularly research and college
Lrsaéhmg and for sume management
level jobs in industry.

About 60 colleges and univeraltiea
utfered programs lcading to the
bachelor’s degree 1 food suenwe in
1976 Undergraduste studenis ma-
jeting in fuod science usually ke
courses In physics, chenidstry, mathe
matics, biology, the social sciences
and humamties, snd business admin
istration, as well as &« variety of food
bFood

sulenie coursaes s€ien ve
LOUESES Lanv el alcas g hias presarva
o, prorcessing, salitalled, and mai
keting of fuods

Most of the Corlloges wind utidvesal
nes thay provide undeigrad.ate food
sclenee programs also offer ad:
vanced Jegrees Giaduate students
usually = pecialize in a particular area
of fuad science Resuirements for
the master’s or ductor's degree vary,
s, but usually include ex

by mstilulios
lensive laburatory work and a thesis

Peuple planning carcers as food
atentists  should have =aalytical
minds and like deails and technical
work Food scientists niust be able to
express their ideas clzarly to others

Food scientists with a oachelor’s
Jegree might start work as qufélity
assurance chemists or as assistant
production managers. Afler gaining
experience, they can advance to
more respoasible imanagement jobs.

&

~
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A food scientist might also beginasa
Junior food chemist in a research and
development laboratory of a food
company, and be promoted to sec:
tion head or another research man-
agement position.

People who have master's degrees
may begin as senior food chemists in
a research and development labora-
tory. Those who have the Ph. D. de-
gree usually begin their careers doing
basic research or teaching.

Employment Quilook

Employment of foud sclentsts s
expected lo grow about us fast as the
average for all vecupations through
' 1980%. Most openings will

wesult fioh the need to replace those

who die, retire, or transfer o other
fields, although some openings will
arise from employment growth

Employment is expected to giow
as the food industry responds o the
challenge of providing wholestine
and economical fuods that can meet
changing consumer preferences and
fupd standards In additton, both pni
vate households and food scivice 1n
stitutions thal supply customeis such
as altllics and résteuiants wilt Jde
mand a greater quantity of p.oce.scd
convenience fuods

Employment oppouaiics should
g~nerally be fuvorable thaongh e
mid 1980 fur foud scientists with
degices In tuoa scletac (Jppo.cunl
es may ML be as good L selenllsits
with degices s irelated i1clus such aa
chenistry or biilogy Foud solenlist
with advaiced degreoa ac eapented
W huve More fuvorable o pp ntunltes
than thuse wiith only a vachelor’s de
gree

Al i taalig nanlos o Lo d o
cnitists are expected o il jub i
research and product developmeant
In recent Yeas expendituies fur e
search and development i the foogl
industiy have fnurcased m.;dé—mlaly
and probably will conti.ue o rise
Through rescarch
being produced froun modificalions
of wheat, com. rige. wnad suybeans
Fur example, (vod scientists are
working o impsove “ineat’” products
made from vegetable protetus There
will be an increased nced foi food
scientists in quality control and pro-
duction because of the complexity of

new foods are

products and procésses and the ap-
plication of higher processing stan-
dards and new government regula-
tions, .
‘Earnings and Working
Caonditions

earnings in 1976, twice as high as the
average for all nonsupervisory work-
ers in private industry, except farm-
ing Food scientists with the bache-
lor's degdlee had average starting
salaries of about 511,300 a year in
1976 "Those with a master's degree
started “Mbout $13,500, and those
with the Ph D degree at about
$17.300

In the Fedcial
1477, Towd acientists with a bache
fur™s degiee could start at $9 303 or
$11,321 a4 year, depending on their
college grades. I;Buen: with a master’s
degice coulg §tart at $11.523 or
$14 09,/ andihose with the Ph D
degrce could begin at $17,056 or
$20.442 The average salary for ex-
petlenced fuod scientiats in the Fed-

Covermment in

eral Govenmenl was about 321,300

a yaar In 1977

= JVR YT e B T 1 LT Py
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. siz=ablscis ozin
4ot 2. contact : f
bodeat sl Pased B vl 1 el ;(u\, -
21 = oath t hcag o I
figa

o albulle 51

avadu s vl e Wik

chighit e & i, K

he puosbaag of ocea, deping,

vy the safety of the fa.nily car

5. pund on resealch by physicists
[iroug) sy.ematic cusevation and
caperimentation, physicists describe
in mathematical terms the structure
of the upiverse and interaction of
maiter and energy Physicists devel-
op theories that describe the funda-
mrental forces and laws of ndture.

wia ks wi

11

Food scientists had relatively high

Determining such basic laws govern-
ing phenomena such as gravity, elec-
tromagnetism, and nuclear interac-
tion leads to discoveries and
innovations. For instance, the devel-
opment of irradiation therapy equip-
rhent which destroys harmful
growths in humans without damaging
other tissues resulted from what
physicists know about nuclear radi-

ation. Physicists have contributed to .

scientific progress in recent yearsin
areas such as nuclear energy, elec-
and medical instrumentation.

The majority of all physicists work
in research and development. Some
do basic research to increase scientif-
ic knowledge. For example, they in-
vestigate the fundamentals of nuclear
structure and the forces betweefi il
cleons (nuclear dynamics). Th
equipment that physicists design for
their basic research can often be ap-
plied to other areas. For example,
lasers (devices thal amplify light and
emil electromagnetic waves in a nar-
row, intense light beam) are utilized
in surgery, microwave devices are
used for ovens; and measurement
techniques and instruments devel-
oped by physicibsts can detect and
measare the kind and number of ¢ells
in blood or the anount of mer¢ury or
lead in foods

Suime enginecting vuiented phyal
cists do applied research and help
Fou instance,

develop wew products
their knuwledge of solia stase physics
led to the devélopment of transistors
and microcircuits used in electronic
equipment that ranges from hearing
aids to missile ghidance systems

Many physicists teach and do (c
scarch in colleges and universities A
simtall numbér work in inspection
quality control, and other produc-
lion-related jobs in industry. Some
do consulting work

Most physicists spcclalice in une
Lianch or more of the scienve  ele.
nentary;particie physics; nuclear
physics, atomic,/electron,” and mo-
lecular physics; physics of condensed
matter, optics, acoustics, and plasma
phisics; and the physics of fluids.
Some specialize in a subdivision of
one of these branches. For example,
within solid-state physics subdivi-
sions include ceramics, crystallogra-
phy, and semicohductors. However,

13
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ies while studying for ad-

:s. Many with & bache-
I s apply their
c ning primarily in jobs in
engincering and other scientific
fields (Sce statements on engineers,
cophysicists, programmmers, and

me

systems analysts elsewhere in the
Hundbook )

Over BOO culleges and ualv&isiigs .
offer a bachelor’s degree in physics
In  aadition, cngineering
schools ofter w pehysics wajor as part
The un

hany

ouf the gencral curniculam
dergraduate program in physics pro-
vides a broad background in the sal
ence and serves as a base for later
specialization «ither In giaduals
school or on the job  Some typical
physics Courses are mcchanics, elec
tricity and magnetism, vptics, ther
and atosnie and
Swdents also take

modynamius o

lecular physi s
coursés ny cheuttstzy and requite
imany coatzes nathesnatea

Abtoul 300 wolleges and wiis., o
ues ulfer advonced degiee. it phys
ics  In giaduate school the student
wilh: fa ully guldanee, uaually wur ks
g spesifie field  The graduate stu
den eapeat dly the candidate too the
Bl 1, Jdegiee spendsa large ponidon
GE s s hier time B tcoeatuh

Stuleads quuhgég calees b el -
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pected 1o enter the labor force than
in the past. The number of graduate
degrees awarded annually in physics
has been declining since 1970, and
this trend is expected to continue
through the mid-1980's. Most job
openings will arise as physicists re-
tire, die, or transfer to other occupa-
tions.

Many physicists work in esearch
and development (R& D). The antic!
pated rapid increase in R&D expen
ditures through the mid 19807
should result in 1equlre
ments for physicists. If actual R&D
expenditure levels and patterns were
to differ significantly from those as
sumed, however. the gulouk fui
physicists would be altered

Some physicists with advaieed do

mereassd

grees will be needed o teach w wul
leges and universities, bul competi
tion for these jobs is eapecied Lo be
keen The number of teaching jobo is
expedted o decliie as the number o
phy#lcs degrees awarded falls over
the 1976 1w 198> penod

Persons with only a bachclos s de
giee in physics are capedtied ta Lanse
kesn comipeliian fot physle izt Jula

thriovgh the mid 1Y80" Spme now

graduates will find employment as
engineers or technicians, Others will
find oppertunitics as high school
physics teachers after completing the
required educational courses and ob-
taining a State teachipg certificate.
However, they are usually regarded
as teachers rather than as physicists,
(See statement on secondary school
teachers elsewhere in the Handbook.)

Earnings and Working
Qopditicns

Physicists have relatively bigh sala-
viea, with avsidge calnlngs inofe than
lwice those uf nonsupervisory work
15 ln privae lliL—‘uhU}_ cxuepl farn
ing  Starting salaries for-physicists

who had a bachelor’s degree aver

aged aboutl $12 600 o yeal In inanu
factuwang Indastiles Iy 1970, a mas
ter's degree $13 600, and a P D
519 000 .
Dcpunding s ilasi, colloge oon
.da physicisia with & Lacheloi . de
gice wuld staiy i the Federal Gov
ernment in 1977, at either $9,303 or
311 523 4 ,car Begluning physiciats
having o teaster a degiee could atart
at $1H 14 097 and

528 those

4

having the Ph. D. degree could begin
at $17,056 or $20,442. Average
earnings for all physicists in the Fed-
eral Government in 1977 wére
$23.850 a year.

Starting salaries on coll
university faculties for physi
ing a master’'s degree aver
$10,800 in 1976, and for those hav-
ing the Ph. D., 312,800. (See state-
ment on college and university teach-
ers elsewhefe in the Handbook)
Many faculty physicists supplement
their regular incomes by working as
consultants and taking on special re-
search projects.

Sources of Additional
7 Informaticn

Usovial informaton on careser op
portunities in physics is available
from:

Amzilaas [natluls ol Fhystaz 333 East 43th
5t New York NY (0017

For information wn Fedoial Gov
e iileaal vatesis | waolilacl.

Iuterageiny Board of U 5 Civil Seiviee Baam
mers (o Washlygeon, DO 120G E 5t
HW Washingica, ¢ I0dls
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‘What to Look For in this Reptint

To make the Occupational Qutlook Handbook eaqer 1o
use. each occupation or indusify follows the same ofthne
Separate sections describe basic elements, ‘;LJF'h as wolk on

the job, education and trammg needed. and salanes or wagss,
Some sections will be more useful if you kno th lo interpret
the information as explamn ec:i below

The TRAINING, OTHER QUALIFICATIONS AND AD

ANL&MFNT section indicates the preferred way 1o enter each
upatiorn and alternalivea ways (0 obtain traiming Read this
tarefully because early planmng makgg frelds
I8 enter Also Ihe level al which you ﬁrntgx
n‘g hl[h y()u gdvance often depend oo your tidaming 11 you
are a stydent. you may want 1o consider taking those cour

”Itj(l‘j

pid the apirend

thought usetul tor the occupalions which interest you
Besides’ Irammg yuu mday need a Slale lceise v ceilih

cdle The traring sectun midicales whlch wooupalicos gens:
al Check reguirements in the Slale whoerg you
plan to work because Stale regulalions vary
Whgther an oooupalion sulls youl peisaeanly el
nnpuitdant drea 1o eapluie For sbhe  0U fiay Gigos gw ihab
res DQI’I1ID|F C 150 a gy comp et e atioospl 2t For
others you may do only mu%ﬁ Tanhs uhider lune superviaagn
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growing at leas! as fast 4
Butl, you would have 1o kitw
peting with you 1o pe sure of your prospects. Unio tunales,
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lacking for most occupations
hﬂwé\ler_
y everyone who earns a medical’

SUpPHY xnréfnjamim 5
There are ex&eph_gﬁf‘

fessional occupations. Ne

degree

the number of people pursuing relevant types of education aﬂd*

traming and tnen entenng the field can be compared with, ‘the

demand the Qu!lmuk sechion indicates the ;uDEly/dE’,mSﬂd fE'E-

nonship as tollows

-
Eavetlenn - - —-Demand much g éater than
" supply
cey geud Uefhand grealer than supply
tauod or lavorable - - --Rough balance between
demand and supply
Fla, Tawe wwompelition tikelihood of more supply

tharn demand -~

vt el - Supply greater than demand

Jub Lpenings should natl stop your purs

agtifudes and mteregts Even

Gttt i lew

34 Caresr hal maiches your
sinall wr uvervruwded OuCupalions provide some jobs 50 do
Maaze 10 whic b grnipluyiment 15 growing very slowly or dechning.
i5 not the only source of job
5t ope nngg from turnover can be
siletan gl ny large ULLupd“l”m 1 tact VE‘pTd.‘EETiF‘ﬂt needs alre
cled to create 70 percent of all openings between 1976 and

Latuwth ne an G(‘CuDSTIﬁﬁ
Ihe number

e o Tids Do duisE

e
P, jode s b Mo youl airsa hhidy Jitter figin those in
Tewfos ns @ wfole Yoo Slale employment service can fur-

S al o hudaa Do ’
Pt p BHENHINGS %0 L teile Tidl vaa hein weis Eaf‘””'g I

Wla b PEy e o Uls o hart guealiun Lo answefl be-

s Ipluirnation is avallabie Tur anly one typeé of marn

S
agd-— wages and §alari2s —and not even thiz fur all oceupa-
boes AlHGugh 2 wut af 10 warke s receive this lorm ol Incuime
vegin o matoo galia L nghey Wy wulKINg uvelllineg iulgm shifls orfr-
;}U'. Vo b dilens I meang weeupalions woikels dalno receélve
S of Ghinsgia.s Lased Sn osales of wervicé 50me factory
werner s ate pald o pieue faie -df @alfa gayment fur gach ltlem
ok
[T L L T T emnmpluy -
comelides peutie ian wovapalions physAciang bar-
L willet.,  and lduaners  lor example < Earmingy  for
TS st Oyed Glke. & wemn o the sdime otoeupalion ditfer

widsly becaus. much depends o whether ong 15 Just glarting
Lol wi has an esablished business y
Must wage and salary workois rousive Tilngy benehts.
N7 Latd vaea@lions huldays dnd sick leave
Wi, kers also recene meorme In goods and selfviees (pay-
(i kind) Sales workers in departiment stores, fof example,
otten teceive Jiscountson merchandise ]
Uespile JTCulTies 11 Jelermining exablly whal peoply 2arm
e job the Earnings seclion does compare occupational
v onigs by indiwaling whether a certain job pays more or less
han the average for all nonsupervisors in private industry, ex-
Lluding fargning
Ea.h occupabon has many pay Igyt:ls Beginners almost
siways gaim less than workers who have been on the job, for
sofme time Earmin gg also vary by geographic location but cities
ihat ofter the highest earnings often are those where living costs
are most expensive.
s Byl
A 4

especially among pro-+

tor example. be CCJF’E‘S abracticing physician. When -
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