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Ar. Melvin Calvin’

Chairman '

Committee on Science and Public Policy
National Academy of Sciences

Dear Dr. Calvin: . ' T

I~fake pleasure in forwarding the report of the Astronomy
Manpower Committee formed under the Committee on Sgience and Public
Policy to study the emQ1oyment problems in astronomy.

o '
The committee carefully examined the statistics on both the
production of astronomers and the employment” opportunities now
available and reasonably 'expected for the near future. Barring the
sudden (and unexpected) restoration of basic science to public favor,
there seems'to be no way of restoring equilibrium between the demand
“and thé& supply in astronomical employment without a sharp curtail-
ment. in the rate of production of new Ph.D.'s. The problem will
probably not be solved even if the rate of supply is reduced by a
factor of two. The committee has recommended a number of steps that
might be taken to increase the number of positions available to -~
astronomers,. particularly in college teaching and in industry, where
"astronomers are‘under-represented as compared with scientists in
-other branches of physics. :

We 'beliéve that the committee's report should be widely dis-
seminated as soon as possible as a guide for students preparing to
enter graduate school about their chances of finding employment. We
hope that it also will encourage faculty members to take appropriate
steps to broaden and diversify the training of. their graduate, students
in light of the reality that only a small fraction of new Ph.D.'s can
look forward to permanent positions in Ph.D.-granting departments, as

‘2 thex could in the past. . ‘ .

The committee would Tike to record its indebtedn ?s to one of
its members, Dr. B. T. Lynds, for writing the final repoft,' and t9
‘Mrs. Carol Gregory of the Kitt Pea National Observatory, for trans-

cribing the minutes of its meetin . ' !

~Sincerely yours,
Leo Goldberg, Chairman '
Astronomy'Maqpower Committee

'3

21 February 1975

-
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. Dr. Philip Handler
President
National Acadgmy of Sciences

Dear Dr Handler:

I4

The Committee on Sc1ence and Pyblic Policy is gratified to
transmit to you with its enthusiastic endorsement this report of
the Astronomy Manpower Committee. In our view, there can be no
question of the critical importance of the unemployment problem

in astronomy, both for astronomy and astronomers and for many
re]ated fields and endeavors. .

Ve

S We are 1ndebted to this committee and 19& chairman, Dr.-teo
Go}dberg, for this carefully conceived and comprehensive report,
i .which the discussion of the issues is en11ghten1ng and the
recommendations obviously have great potential value for all con-

N

cerneq.
\ Siqcere]y yours,
Melvin Calvin, Chairman- .
Commit{ge on Science and Public Policy
¢ ' ‘
A . . .' 4 (‘"
24 February 1975 .o C Lo
;’
y .
¥
r ‘ -
- Ve .




The revelations of astronomy ih recent{iifies have caught the
imaginations of scientists and laymen alike. These advances have .
been made by professional astronomers whose observational capabilities-
have been expanded by increasingly sophisticated equipment while their
interpretative capability has been expanded by the ever increasing
power of theoretical physics. Understandably, the excitement thus en-
gendered has attracted increasing numbers of young scientists to careers
in astronomy. But the number of jobs available to astronomers is deter-
mined by a quite different ‘set of circumstances and the growing disparity
has become a source of serious concern. To examine this situation, the
Committee on Science and Pub}ic Policy of the Academy brought into being
a Committee on Astronomy Manpower. That committee, under the chairmanship
of Dr. Leo Goldberg, reports its findings and recommendations in these
pages. It must be painful indeed for a committee devoted to the expansion
of the science of astronomy, and to communication’of that body of knowl-
-edge to students and all others who would listen, to warn fellow astrono-
mers and potential students of astronomy that there must be a marked’
decrease in the production of young astronomers if supply and demand for
their services are to attain a reasonable balance. -

To the Asfronomy Manpower Committee, and te the Committee on Science , |
and Public Policy, I am pleased, on behalf of the Academy, to express our .
indebtedness and grati;ude. :
. ) %
Philip Handler ’
President

s

. N , .
\ ‘ -~ . S

X

Washington, D.C.
24 February 1975
. H *




/ ’ . .
' s

MELVIN CALVIN. University of California, Berkeley, Chairman
I. M. SINGER, Massachusetts Institute of Technology, Vice Chairman -
JAMES R, ARNOLD, University of California, San Diego
ROBERT W, BERLINER, Yale University Schoo] of Medicine
JAMES D, EBERT, Carnegie Institution df Washington
H. S, GUTOWSKY. University.of I1Tinois
DAVID S. HEESCHEN, National Radio Astronomy Observatory
STERLING B. HENDRICKS., Silver Spring, Maryland ¢
W. CONYERS HERRING., Bell Laboratories, Inc. :
H. W, MENARD, University of California, San Diego
ARTHUR B, PARDEE. Princeton University
RUTH-PATRICK, The Academy of Natural Sciences of Philadelphia
HERSCHEL L. ROMAN, University of Washington
* ASCHER H. SHAPIRO, Massachusetts Institute of Technology,
. JOHN R. WHINNERY, University’of California, Berkeley .-
. HARVEY BROOKS, Harvard University, Past Chairman R
» Gi By KISTIAKOWSKY, Harvard University, Past Chatrman
SAUNDERS MAC LANE, University of Ch1cago, Ex Officio

1

ROBERT €. GREEN, National Academy of Sciences, Buséutive Secrbtany
1 . . i

v




ral
+

LEO GOLDBERG, Kitt Peak National Observatory, Chairman
ALEXANDER DALGARNO, Harvard University
FRANK DRAKE,» Corriell University

ROBERT FLEISCHER. National Science Foundat1on

IVAN KING, University of California, Berkeley

. ROBERT KRAFT., University of California, Santa Cruz

BEVERLY LYNDS, Kitt Peak National Observatory

PETER MEYER,- Un1vers1ty of Chicago

. BEVERLY PORTER, American Institute of Phys1cs

MALVIN RUDERMAN, Columbia University

HENRY SMITH. National Aeronautics and Space Administration

‘
. ~

7




e - - - e L B R TR T T ——

ia - 0
. % - . Yy ‘
" . ¢
hd .

» .
Py
: - )f

?
-
* TABLE OF CONTENTS 5 )
Page
I. IDENTIFICATION OF THE PROBLEM . . . .+ « oo v v v v o 1
. A. Introduction . « . . . . . . -\ 1
B. Current Statistics - X N 2 ’
C. Research FUnding - « « « « « « « o« o v v v o v v . 17
: D. Identification of Specific Is;ueé c e e e e . ... 28
II. DEVELOPMENT AND ACTIVITY OF THE COMMITTEE. - - * . . . . 29 . .
III. COMMITTEE REPORT + - % + o o o o + o o o v v e e v v . 31
A. Graduate Tpaiﬂ%ﬁg. < |
B. Employment .- . . . « « « « « « & v 4 & 4 4 4 4 . . . 36
' ‘ 1. Industry . . . « . . « . . T IR 36
. 2. Teaching T T T T T T S ‘38
‘f . . :
REFERENCES e . e yy
‘ . )
1 . ) N
: ] -
k ! ,
! -+
‘ i ?
¢ -
t ’
2 . s




0' / *
» ‘ : a - i
’ ) ’ i * . *
. ' : ‘LIST OF TABLES . ‘ .
Table /} . ' . Page
I. 1970 NSF Survey and 1973 AIP Survey of ... .
Physicists' Specializations. . . . . . . . . . . .. 3
~ II. New Ph.D.'s‘1970-1973 by Physics and Astronomy T
- Subfields of Present Work. . . . . . .. .. ... .. ~ .6 o y
III. Age Distribution of Employed Ph.D.'s . . . . » . . . . 7 :

IV. Total Number of Astronomers by Degree
and Training e e e e e e e e e e e e e e e e e e s 9
. , .
V. Mobility by Field of the Numbep Enterlng and
‘Leaving Astronomy . . . . . . . . . R T ¢

<

VI. Types of Emsloyment of Ph.D. Astronomers . e e e e e 11 )
. ) ‘

VII. Results of a Survey of Astrenomy and Phy81ca
Departments concerning Recent Ph.D. Productlon s . , .
and leflcultles with Employment . . . . . . . . . . . 16 .

VIIT. Total Expenditures for Basic Research at
. Universities and Colleges and Percentage of

‘Federal Contributions to this' Expenditure . . . .. .. 19
IX. Distribution of Federal Funds for University ° .o .‘ )
Yo e 20 3

’ Basic Research T T

-

X. Federal Obligations for Ba81c Research, by

Supportlng AgENCY . . . L i e e e e e e e e ‘ 21
. ) / ;
XI. Total Federal Fynding for Astronomical Research. ... . . _&2
XII. "NASA Estimated Budget for "Basic' Research in
i AStronomy .. . . o o L o e e e e e e 23
-t XIII. Distribution of NSF Funds' for Astronomy . . . . . . . . 25 L
. XIV. Number of Astronoag Trained and Non<#Astronomy ’ .

Trained Instructors in Universities, Colleges,
and Schools who Teach Astronomy-Oriented Courses . . . = 39 ) )

v . , .




P'gége
S
1.0
2.

. ' LIST OF FIGURES ‘ -

- ‘ ‘ —
/ " ~

gumbér of Ph.D.'s employed in astronomy «-: ¢ - =« + .

Age distribution of employed Ph.D.'s . . . . . ..

-

Percentfge of scientists upder age 35 v$.
percentage employed”at universities for
variou? figlds of 'specialization. . . . + « « « « .

Number of U.S. institutions awarding astronomy
Ph.D. degrees as a function of time . . - . . . .

e

NSF funding for astronomy « & « « « ¢ « ¢ o o o oo o

(A) Percent of NSF funds fox Scientific Research
Project SUPPOPT « « « « oo o o o o o 0 s T e e e

(B) Percent of Project Supbort Funds for the vqgiéus
fields of research . . « « « + « ¢ o ¢« 0 o e

. / » .

PR
./.‘.Jr .
.. 8 -
C.o12
« « 156
-« 26
.. 27

bR 1

- . 27




; . ABSPRACT : : o
) The rapid pabe of discovery in astronon during ‘the post-Sputnik
years has opened broad new fields of explona on and hae attracted many
research workers. , The number of scientist engaged in astronomical te—'
search has been increasing at an annual'rate hf about 15%~and this field '
of nesearch nas had a very large influx of new Ph.D.'s over the past .
three years; the influx came not only from newly trained astronomers. -

»

but also from nersons trained in other fields of physics. ‘ ‘
-« 0

Astronomers are predomlnantly employed in universities having. ' .

Ph.D.- produc1ng departments and are under-represented (relative to other

-

fields physics), in smaller collefes and in industzy. This mode of

employment ; together with the continuing increase ip the number af uni-

PUTUDUPRROITVY VLt e

versities offering Ph. D. proérams in astronomy and astrophysics, the ~ *

' .
ml )atlon of scientists from nelghborlng fields into astronomys, and the )

sto gage & growth in Federal funding of astronomical research have

cregted a serlous problem in tdb employment of astronome?s which w1ll

pro ably*worsen progressively over the next decade unless firm steps are .

prompitly taken to bring the populatlon of astronomers closer to an ap- ' s

'L\ pro 1mate equilibrium between supply and demarid. The’ Committee considered,

b lJr g8 number of possible mechanisnms for ach1ev1ng the deéﬁred balaﬁge,:

’

. . .
‘ of whlch the follow1ng are partlcularly recommendeq,r e .

”

' . 4&) That each university' department that produces Ph.D.'sywith .

. . spec1a11zat10n in astronomx\and astrophy81cs assist in ach1ev1£i a re- ° v ﬁ’;

{ duction in thelr output of Ph D.'s. : . . b '. ;}.

(2) That some of the,teaehmng responsibilities now haridled by

J 'graduate students be assumed‘by regular faculty members. . |

. L. - (3) That all astronomy departmente achieve close cooperationlin '
the organization of curricula hetween physics and astronomy snecializa- - ;:} ‘
tlon and that they review their graduate curricula and their attitudes .
toward emp;oyment opportunities in the light of tha current situation

in astronomy. An effort shoyld be made to develop graduate nrograms .

(xiiy) . - ’ .
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o

™
that would make the~Ph.D. astronomer more attractive to small colleges

, s
- .

- and to 1ndustry
l
o W) That the American Astr‘onomlcal Society take the lead in a
concentrated drive to\expargg\undergradua.te,programs in astronomy and

to seek out. and encourage all junior colleges, colleges, and‘ universi-

ties not now staffed with an astronomer as a faculty membér to introduce
, . N

g astronomy programs into their curricula. : \Yn
A\l % -
e iversities

) (5) That heads of astronomy departments in all stat
"7 " make an effort .to suggest to ‘their state legislatures that ay‘ astrpnomy
course, be 1néorporated as a science credit for all mew and continuing

.

educatlon students and teachers, - Fe
(6) That all centers of astrofiomical research attempt to establish

mechanisms whe,rel?y collab_Orat‘J.ve_ research work can be carried out withs
astronomers who are employed in more isoolated research environments.

. (79 That NASA make a careful Studyxof ¥he need for ‘support of data
analyses in the astf%nomy‘ program. B . ’

3
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R of astronomy.

IDBNTiFICATION OF THE PROBLEM .

Qf " Introduction
\

2 U In the letter to D¥. Handler transmitting the final report of

“ the Astronomy Survey Comm}tfee (1), Dr. Harvey Brooks took note of
the femarkable vitality of the field of astronomy and astrophysies.
T}E/j :

has opened broad new fields of exploration and, in so doing, has

apid pace of discovery in the science- during the past decade

provided an excitement and intrinsig sciemtific importance that
’ . ~ .
is outstanding in the physical sciences. This is reflected by‘the

influx of new, young and’ very talented research workers who find the

>3

.COSMOS to be the greatest area of true mystery left in the phys1cal
world. ) - ' ‘

The diseOVeries of such phenomena as X~ray stans, quasars,
pulsars,‘neutron stars, cosmic gas masers, infrared sources, cgsmic
background radiation, and pgssible gravitational radiation are
attracting a substantial flow of first-ranked thSicista~iQto the

field, another indication of the intellectual vigor and excitement
. . ::‘

The number of scientists engaged in astronomlcal research has
been 1pcreas;ng at an annual rate of about lSﬁ (1). The popularity
of the field has caused ﬁniversities‘to expand their offerings in
astronomy and the number of énsg;tutions now awarding Ph.D. degrees
with astronomical specializatébﬁs has more than doubled since 196§
although the federal expenditures (in constant 1961 déilars) for .h
astronomy in un1vers1t1es anﬁ colleges during the same t1me period
have been decllnlng steadily (2). Because of the predlcted decline
in the college age population, Allan M. Cartter (3) and others
have projected a declining'demand for new colleée teachers in the
next two decades. Thus the scientific excitement of astronomy
and astrophysics attracts a large number of young people tut their
normal base of operations, the unlver31t1es, cannot prov1de jobs

[}

for them. The astronomical problem is more acute than ‘that ex- E

" perienced in the other physical sciences. This is because the rate N
of growth of manpower in Astronomy and ‘Astrophysics, by Ph.D.
. ( . A/._
.I 4 - ¢
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production and by mlgratlon from otherkflelds (well above the average
for physics as a Whole), is greater than the growth of employment’
opportunities- at the Pp.D.-granting institutions, which 1s where ‘the .
majbrity of astronomers work. It is tHe serious employment problem

in astronoty that is discussed in this re%ort.

\4

B,  Current Statistics, %

‘ Summary - The number .of Ph.D.'s employed in astronomy 1ncreased
by 1116 g{from 623 to 1313) between the years 1970 and 1973 (Table I).
This increase is greater than in any other field of phys1cs The popu-
larity of the field is also shown by the r1se from 9th to'3rd place
for astronomy as ranked by the total number of Ph.D.'s working in
the various fields of physics.. Astronomy has also attracted many
young physicists, as ev1denced by the fact that 28 percent of Ph.D.'s
employed in astronomy recelvea their degrees during 1970 to 1973
(Tables II and III). About twice as many Ph.D.'s have entered
regular adtronomical employgfnt from other fields as have left it
(Tables IV and V). Astronom%gs are very strongly concentrated in
universities which have Ph.D¢producing departments and are under-
represented in employment at other colleges and in industry (Table
VI). The number of institutions in the United States awarding Ph.D.'s .
with specializations in-astronomy is increasing (Figure 4) and the
number of graduate students in astronomy does not appear to be de-
creas1ng (Table VII) During the past academlc year, at least 180
astronomy Ph.D.'s were granted and well &ver 900 graduate students
wePe 'enrolled in astronomy programs (Tabls VII). At this current ,
rate of .Ph.D. production,athe ratio of newly trained astronome}s to
presently 1dent1f1able available positions 1s estlmated to be 4 to 1.
The number of graduates suggests that over the next 5 years at least

,600 new Ph.D.'s will enter the field yet only 50-100 open posltlons

will be available through retirement and probably no .more than 200

altogether. ’ K
The American Institute of Physics has traditionally taken in-
ventory of the U.S. physics communlty, until 197l the material was

collected blennlally from the Natlonal ience Foundation's Nationdl

~ oot by}
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Register of Scientific and Technical Personnel and in 1973 the AIP .
continued a similar survey. The data in Table I were obtained from

two reports (4, 5) which analyzed the information collected from
questionnaires mailed by the AIﬁ Although the total number of

quallfled respondents dropped by about 1% between the two surveys --

from 364336 in 1970 to 35,800 in 1973, the number of respondees

holding Ph.D. degreesiincreased slightly Those respondents who

reported their prlmary employment in speclalties are included in

Table L A detailed comparison of the growth or decline of a

field of speclallzatlon is difficult because of the vedefinition

of t flelds from 1970 to 1973, but the very large increase in .
astronomy (77 percent) total, or 111 percent for Ph.D. ’s i8 guite

striking as is .the chqnge in- ranking byépercent of Ph.D.'s in

the f%elds (astronqmy 18- ranked 9th in 19705 ranked 3rd in 1973). _
The samples are estimated to, be 80% complete for lower degree

, holders and between 85% and 90% for those holding doctorates

Flgure 1, based on Natlonal Reglster Data and updated by the

AS
1873 AIP suryvey, shows the increase in the number of persons em-

!

ployed in astronomy. A4 Zarge part of the rapid growth of the
field of astronomy may be explained as a result of the interest
shoun in it by the community of young physicists. This point is
illustrated in Table II, based -on data published in tlre Physics Today
arthle Astronomy ranks second 1n*hav1ng the youngest population --
28 ‘'percent of the total Ph D.'s worklnéfln astronomy recelved their
degrees between 1970 and 1973 Astronomy also ranks second in the
‘total number of "new' Ph.D. 's in research fields. Overall, new
Ph.D. physicists comprise 23 percent of employed Ph.D.. physicists.
Note, however, that the number (358) “of- new Ph D.'s employed in
astronomy does not account fon‘the total 1nflux of astronomy Ph.D.'s
' (690) showm in Table.I.. The remammg 48% influx und oubtedly
represents a flow of mone;mature Ph.D. physicists into the field.

At the request of the Astronomy Mlnl -Study Committee, Ms. .
Beverly Porter of the AIP analyzed in more detail the 1973 data on
astronomers The agﬁﬁdxstrlbutlons of Ph.D.'s employed in astronomy

and in the general physics, community are glyen in Table III and A
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TABLE 11
> NEW PH.D.'s 197021973 BY *
PHYSICS AND ASTRON?MY SUBFIELDS OF PRESENT WORK® .
‘ L NEW PH.D.'s, @0319&3
, . Sl _ S R
¢« i SUBFIELD: % of Subfield ~ °  Number N
Medical Physics o 30 o 102 -
- - Astronomy ’ . - 28 7 558 ' o
Geophysics < 28 - g 110 V
' Plasma Physics ' 28 151
¢*Acoustics ; . 27 . 117
Biophysics 26~ .90 ”
:_Plementafy Particles _: < 26 _ 308
Educational Physics .25 402
Atomic and Molecular Physics 24 257 , ’
Chemical Pﬁysics ' . 2y : 98 .
Optics 8 R T ' 30m -
) Electromagnetism ) 22 IR
' Physics- of Fluids - \ 22 ) ’ - 1020
‘< Solid State - 22 596
) General Physics 20 36
¢ Nuclear Physics ) ‘ 20 k 308 .
Meteorology 19 . . 29
. Mechanics ' f%/’@? - 18 . 25
5 Theoretical Physics - T 18 - 139 i
: Thermal\Physics * 18 T .20 *
. Electronics [ A 80 ]
‘*The §ubfields are ordered from thgse hé;ing the hiéhest proportion
of new Ph.D.'s to those having the lowest. ‘
E e .‘ Data from the 1973 AIP Survey. : ) )
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. . AGE DISTRIBUTION OF EMPLOYED PH.D.'s
, (Preliminary Data - 96% Complete)
- P \\ N . ' N

Age |, PhD Total Astron. PhD ||~ Age | 'PhD Total Astron. PhD »

Group No. % No. % -1 Group No, % | No. "%
. . é < - »
20-24 7' 0.0 1 0,1 ||, 50-54 [ 1u93 8.3 62 4.9
1 [ - !
25-29 | 1361 7.6 | 154 12.2. || 55-59 | 742 4.1 37 2.9
30-34 | 4929 - 27.4 438 34.6 60-64 | u4g 2.5 22 1.7
35-39 | 3894 21.6__| 251 19.8 ‘65-over] 268 ' 1.5 .| 27 2.1
, Ny '
yo-uy | 2739 15.2 -] 165 13.0 || . MR 60. .9
/q 3
45-49 | 2115 11.8 108 8.5 TOTAL (18,057 1274+
»

o

o Lf -
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(1 ) ” . r.s - K ' / ¢
y ~ Fig. 2. Note the skewness of the age distribution for astronomers. . . t
‘.4 ' Even if the numbers of young PH.D.'s entering the field is leveled )

off in the future, there will remain an enormous imbalance for at

least two decades between the numbers of persons retiring per year

and those seeking established (tenured) positions.

The AIP uses four modes of identification of a specific field:
(1) persons primarily trained in the field, (2) persons primarily
traided in the field who are curreetly working in the field, (3)

persons primarily working in the field and (4) persons primarily

identifying themselves as specialists in %hiéiield. For, astronomy, J P
. ‘these numbers are: - A ; LA
' ’ (
TABLE IV
\‘_TOTAL NUMBER OF ASTRONOMERS
BY DEGREE AND TRAINING
Astronomers' Ph.D. Others Total
Number trained 1164 ugot 1553 - '
Number trained and working 885 25yt 1139
Number working 1313 593 1906
Number self-identified 1442 735 2177

TMasters degree only included

.
z ’
.

The persons pprimarily trained in astronomy received advanced
degrees in astronomy or in a related field (usually physics) but
with an astronomy\specialization. : .

Of the 1164 Ph.D.'s trained in astronomy, 1135 rep}iea to rhe "
question on their current field of employment -- 885 are working in
astronomy; 60 are working in educational physics and/or astronomy;

. .and 1390 moved into other fields of phy81db The 1315 Ph.D.'s

s currently working in the field are made up of the 885 trainedin
astronomy, 390 not tralned ‘in astronomy, and 38 others who reported
they were working in the fleld but did not identify their field of ¢
training. Table V 1llustrates the mobility among the various fields.

Clearly, about twice as.many Ph D.'s have entered regular astronomlcal

A PR

employment as have left it. This reflects the developments in modern

#. astrophysics and its overlap with areas traditionally in the realm

of physics. ‘ .
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. *i;‘ ’ s . L
- 'H_ TABLE V . -
l‘{ '{ MOBILITY BY FIELD OF THE NUMBER ENTERING
e . . AND LEAVING ASTRQONOMY
P . (om{tting post~doctoral positions) - .
”, ‘ : . Number leav1ng » Number entéring ‘
O Field of Degéee' - for Astronomy from Astronomy
32: Elementary Particles ’ 72 1
. ﬁ~ VJ - Nuclear® Physics .. . . 56 . 2
’ A %i Atomic & Molecular Phys1cs . -4 - T
' //:g Theoretlcal Phys1cs - 39 - ‘ 3 - i
. Optlcs . .. 18 . " 24
CoFluids 0 . 8. .10
a . :'Soiiq-State . ’ ..‘ ;_ - 18, 2 .
rGeophysics . ] «. 18 . * 14 .
.o / ‘Electromagnetlcs S , 13 L 1 9
. Plasma 1 s 12 ‘" 8 .
Q_‘ther Physics = 23 . 24,
ther Science - ' 21 ug
) N?n—Science . . - 33 .
TYTAL ) 356 180
. v o
' Optics is the only field that received more Ph.D.'s from
. astronomy than it has sent to astronomy. The fields that prov1ded
_the}iargest proportion of entrants into astronomy are elementary ‘
part;cles, nuclear physics, atomic and molecular physics and
theoretlcal physics; there is essentially no reverse flow. Three
of thz four fields (all but nuclear physics) also have a hlgh per-
| centaée of young people, who are also primarily employed at uni-
T e ’ versities.. Of the 171 persons holding post-doctoral appointments

;ﬁ astronomy, 2 did not specify their field of training; 135 were

‘mrained in astronomy and 34 moved in from other fields. Ten
astroﬁomy—trained persons held post-doctoral appointments in other
fieldsj(primarily in geophysics and plasma physics, none in elementary ,

-~

particies).




'ia! . }
~ In Figure 3, thé percéntage of scientists in a given field
under age ég?ié plotted agaihst ﬁhé percentage employed at uni-
versities. Those fields having the highest percentage of persons
under 35 also have the largest percéntage employed at universities.
Theoretical Physics (with 49% under 35) has mope‘than 80% of its
spgcialists:émployed at universities; this-field is followed by
Elementary Particles (56% under 35, 73% at universities); Bio-
physics (50% dgder 35, 71% at‘universities);.Atémic and Molecular - ~
Physics (49% under 35, 70% at universities); and Astronomy (55%
under 35, 57% at universities). On the average for all physicists,
49.7% are under 35 and ué.l% are employed at universities.
Astronomers are very strongly concentrated in universities
whic# have Ph.D.-producing departments, as shown‘in Table VI,
which contains a detailed analysis prepared by Porter.,
TABLE VI .
TYPES OF EMPLOYMENT OF PH.D. ASTRONOMhRS

Astronomy  Total Physics .

* ‘ U S . .
Univ. with Ph.D.-producing depts. 647 50.8 6534 3B.4
s . Univ. with, M.A.-producing depts. 30 2.4 776 4.3
) | Univ. with B.A.-producing depts. u6 3.6 1520 8.4
| Univ. and Colleges -- Other 28 2.2 295" 1.6 '
Junior Colleges \\/" 5 0.u4 175 1.0 ‘
Secondary Schools ‘ | : = “ 57 0.3
R Industry 82 6.4 4063 22.5
Government : 225 17.7 1935 10.7
Q Non-profit Organizations ’ 42 3.3 * 450 2.5
Fedérally Funded R&b Centers 157 12.3 2166 12.0
Other ' 11 - 0.9 66 0.4 ’
Unknown ' T - ~ 20 -
. TOTAL - " 1274 100% 18057 100%
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. with specializations in astronomy has been steadily increasing since )

-

’ departments, 586,

3

¢ allow. specialization in astronomy.

LI

-
- >

_ jor difference between Ph.D.'s

working in astronomy and those working in other fbelds i8 the high,
concentration of the astronomy Ph.D.'s *in the unzverszty Ph.D. pro-
duczng departments and in governmenﬁ' and their low representation

Porter emphasizes that the’

zn industry. -

The number of 1nst1tutions in the United States awarding Ph D.'s ;
1960.
and imcludes an extrapolation to, 1971-73, shown by the dotted line.

A special report (7) by the Pres1dent of the AAS and the Chairman

Figure 4 is taken from the Astronomy Survey Committee report (6) =~

of the AAS Committee on Manpower and Employment (Bok and Goldsmith, |
respectively) contains the data listed in Table VII, which is re-
ported to be almost a complete: survey of Ph.D. -granting astronomy ] .
departments Jbut a very incomplete sample of phys1cs departments which
(The extrapolated number of €9
univepsities in Figure 4 is from this survey. )

The 69 universities in the survey reported a total astrénemy
graduate enrollment of 989: " The AIP publication Physics Manpoﬁer
1973 lists a comparable total physics graduate student enrollment ,
of 10,227.
physics in 1973-74 «is.1300; Table VII projects a production of about

The projected number of doctorates to be granted in

180 in astronomy. Astronomers now represent 7% of the employed

physicists, 9% of the enrqQlled physiCS'students.and 14% of the pro-
jected 73- 7Y Ph D. recipients. The general trend is quite clear;
the declining number of doctorates Qranted in physics is establtshed
whtZe the nymber of doctorates granted in astronomy i8 contznuzng

to zncrease. Furthertore, a szgnzficant fraction of the new Ph.D. 's .
in ceriatn other fields of physics %8 migrating into astronomy }

Bok and ‘Goldsmith (7)-summarize that over the period from

October 1972 -~ June .1974, !
is estimated to increase by at’most 21 by June 1974.

'The total number of positions in astronomy

If -we add 1n an estimate of 30 posations which may open through re-

, tirement, we find that astronomy departments might provide 50 openings

for the expected 290 Ph.D.'s to be produced by _the same departments,




plus whatever Ph.D.'s from prgﬁgs and pelated f;elds may
for these’ openlngs. Thus it abpears that more than 80% of the
Ph.D.'s will not join the Ph.D. -granting departments." This con-
clusion is partlcularly serious whéﬁ one considers the fact that
more than’half (cf. Table VI) of. the Ph.D. astronomers are em-

. Dlo¥ed in ‘the Ph.D.-granting departments of universities. The

m 47% to 100%). Therefore it
appears that those astroromers holding non-faculty positions at
these universities as well a¥ the new Ph.D.'s now being produced

will not be able to find employment in the traditional manner,

!
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TABLE VII

«

RESULTS OF A SURVEY OF ASTRONOMY AND PHYSIéS DEPARTMENB®S CONCERNING
RECENT PH.D. PRODUCTION AND DIFFIFbLTIES WITH EMPLOYMENT

-

(from Bok and Goldsmith) B
r
44 Astronomy 25 Physics
Depts. Depts,
(1) Ph.D.'s granted in astronomy '
Sept. 1969-Sept. 1972 - 361 19
. (2) Estimated Ph.D. production g
Oct. 1972-June 1973 ' : 133 15
) July 1973-June 1974 157 . 23 -
(3) - Number of full-time faculty
positions in astronomy S 392 - 59
() Noﬁfaculty“astronpmy positions‘ 194 “_ ' 21

(5) Estimated change in (3) and
(4) by June 1974:
Faculty positions + 12
Nonfaculty positions , .+ 9

N FE

(6) Number of former Ph.D. students
who are known ‘to have serious
dlfflculty in flndlng full-
time’ employment in astronomy, 18 3

(7) Number of research associates
and post-doctoral fellows who
are havmng serious difficulty
securlng full-time employment
in astronomy - .19 . 10

(8) Number of astronomy graduate
students now enrolled ‘ 839 100

Data from Bok and Goldsmith special report in Mercury, July;Aug. 1973.

[}
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C. Research Funding
Table VIII contains the estimated expenditures for basic research

in uﬁiversities and colleges (in current dollarsand in 1961 dollars)
together with thé percentage of these funds which are derived from
) federal sources (2).

Table VIII clearly indicates how heavily the fields of physics
and aStronomy depend on federal support. In both fields the university
federal support has been declining as illustrated in Table IX, based
on .the same data source of Tablé VIII.

The federal obligations for basic research by supporting agency
are shown in Table X [from (2)].

Other federal funds for astronomical research outside of direct

university support are available. Table XI (#1, Vol. 2) identifies
the federal agencies which contribute to the support of astronomical
research including the costs of operating the National Observatories,
Sacramento Peak Observatory, Naval Observatory, etc

Several conclusions. can be drawn from Table XI (1) the number
of federal aggnciés supporting astronomy is decreasing such that in
1972 95% of the federal funds for astronomy are derived from NASA and
the NSF (82% of ground-based support); (2) the amount of federal funds
for astronomy is decreasing even when measured in current dollars; and
(3) more than 70% of the funds allocated to astronomy are dedicated té
the space program. During the past decade the NASA~astronomy programs
 have included an Apollo e#periment, space flight operations (including
Skylab ATM experiment), Orbiting Solar Observatories, Orbiting Astro-
nomical Observatories, Orbiting Géophysical Observatories, Explorers,
Soundlng Rockets, Pioneers, and Viking missions. {/ '

Table XII contains NASA's estlmated budget for "ba81c” research
in astronomy for FY73-78. .
‘ The-distribution'pf NSF funds .for astronomy is shown in Tablg
XIII, which is based on information published in NSF Annual Reports.

»  The allocation of NSF ?uﬁds for astronomy is also illuystrated in

Figures 5 and 6. The beginnings of several major astionomical programs




i
. .
M 0

are identified in Figure 5, which .expres,seé the funds as a percentage'
of. the total NSF budget. Figure 6(A) illustrates the fact that the

. support of science research projects for all fields has increased .
‘ ovép the years, and Figure 6(B) c.ontait_ls a br'.eakd'o{m of how the
research project suppo.rt funds have beeil allocdted by écgientific

‘fields. " :

.
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TABLE IX .

-

DISTRIBUTION OF FEDERAL FUNDS FOR @NIVERSITY BASIC RESEARCH

(Percent of Total)

FIELD 1964 1966 1968 1970 1972 (est.)
ENGINEERING 13.7 15.0 14.5 lu.1 16.2 :
PHYSICAL SCIENCES 21.4 20.7 18.6 18.4 16.6

Astronomy ' 1.7 - L7 1.4 1. 1.1

Chemistry 6.5 5.9 5.6 5. 5.2

Physics ‘12.4 12.1 10.6 10. 8.8

Others 0.8 1.0 1.0 1. 1.5
ENVIRONMENTAL SCIENCES 5.1 4.7 5.7 5.6 6.7
MATHEMATICAL AND

,COMPUTER SCIENCES 2.7 2.6 | 2.7 3.3 2.9
LIFE SCIENCES _ ug .4 46.8 46.7 45.8 46.1
PSYCHOLOGY 3.1 3.0 3.1 3.1 3.7«
SOCIAL SCIENCES . 4.8 5.3 6.6 6.4 6.4
OTHERS 0.7 2.1 3.0 3.2 3.8

3 ‘ - .
: /
Data from Science.Indicators 1972.
/ '
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TOTAL' FEDERAL FUNDING FOR ASTRONOMICAL RESEARCH

1966
s M

GROUND-BASED ASTRONOMY

NSF 22,9
NASA‘ 9.4
AIR FORCE ( 9.6
— .7
ARPA 2.6
520 - 1.5
SUB-TOTAL - W 54.7

‘ I

SPACE PROGRAM ASTRONOMY

~

NASA . " 134.5

B

189.2

TOTAL

TABLE ‘XTI

1948

S M

~
[+
[+,
Q

227.3

1979
$ M

23,3

9.0

7.3

6.7

.

"9.0

5.0
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TABLE XIIT

DISTRIBUTION OF NSF FUNDS FOR ASTRONOMY

{Current SM)

Ve

1968 | 1969 | 1970 | 1971 1972 1973 1974

TOTAL NSF FUNDS 495 400" | 438 | - 511 619 639 663
UNIVERSITY GRANTS PROGRAM .

Astronomy 6.2 ) 5.9 5.8 | 6.4 | 7.8 8.8 9.6

Physics* 0.7 | 0.7 | 0.9 0.7 1.3 1.37] 1.9t

Chemistry & Math* 0.1 | 0.1 | 0.1 0.1 0.1 0.1 0.1
KPNO 12.5 5.7 5.8 7.2 7.7 7.8 7.8
NRAO 4.9 1 7.3 | 6.4 6.8 6.7) .10.0 | 12.1
CTIO 2.3 | 4.5 | 1.9 2.3 2.5 2.7.1 2.6
HAO* 1.3 | 1.3 1.4 1.5 1.5 1.6, 1.6
NAIC* - 0.6 1.1 4.0 3.1 2.1 2.1
UNIV. ASTRONOMY \ RESEARCH

INSTITUTIONS ! ‘r 0.7'| 0.3 0.2 0.3 0.3 - -
SCIENCE DEVELOPMENT GRANTS 2.4 2.1 0.6: 0.6: - - -

N ‘ i

TOTAL ASTRONOMY 31.1 | 28.5 | 24.2 29.9 31,0| 34.4 37.8
% OF TOTAL NSF FUNDS 6.3 7.1 .| 5.5 5.9 5.0 5.4 5.7

{

* Estimates of astronomy funds included in-a larger total.

T Information provided by NSF Physics Grants Program.

Data from NSF Annual Reborts.

¥




)

*sijaodsy Tenuuy JSN WOJF eleq

RS b:oc.oﬁm.m aoy Burpungy IsN -S manora ¥
" U
. .. GL,blL,€L,2L, 12,0, 69, 89, £9,99,59, ¥9, €9, 29, _Q.Ow..-mm. 8G, 4G, 96, GG, VS, €S, ¢S, IS, .
. | | | 1 | ! | | ] t 1 1 R l I | { | - -
._ aoowo._.&m.rw« -~

. NG >._.z:1, 2
X n Wvdoodd ISy -l¢
IaVY GHVAYVH
i 1 ~
b g
/
\ j)wm.u”\ do.
-\, 42

11
o @
1390N8 JSN TV.LO0L. 40 %

P

- - LH40ddNS AWONOYLSY V.LOL ol
- . sl
- +21
_ . Je€1
- « . bl
- * * 4G}
.~ CISNI 'S3y_, .
- oqpaiy~| ,  LSV'AINN 0119+ ONJ> u -9t
~L390N89 4SN-4ND %02 d'a'S~ " OVMN . 21

| | | i | | | ] | | ] 1 | I | | 1 1 | | L1 1




.

*GL6T ‘¢ ‘qed po3lep 6-GL OSeaT9Y WZOvﬁ hmvﬁ.ﬂﬁmw WULQUQOMH Tenuuy JSN

uoay ejeq
* (V) Auouoaisy pue ¢(S9) seouatog aeainduwo) “(s3) seouatos yaaez ¢(S 31y) saouatog
owpoﬁawoﬁé “(0) AydeaSouesdp *(y) soravWLyIEK “(SS) seoustog TeIOOg “(2) Axastudy) N
- N ¢ (¥{) Yoaeasay syeTIBIBR ¢(3) Sutassursug “(d) sO1SAyq :SMOTTOI Se PaTITIUSPT
aae SpPIOTJ Yl Yoaeassa jo SPT®13 snoraea syl aoz spung Iaoddng 31dsfoayg go quddadg " (g)
*1aoddng 109fouag yoaessay OTJTIUBTIOS 03 Spunj JSN JO IPIDIdg .3& 9 FYNOII
, . 03y 1S3 , -
SL T~ 0L . 99 9L, G, 061 996l
T 24 -\if-/ Y T Y 14 v T 02 ] || v v v I ! T ¥ v 1
—s¢ -
S3ON310S
avoinoolg )
-10¢
: |
\ _ Ge
Lo */e
\‘ ’ ’
d
!
GL (07 ~
| 1 1 L 4 L] L ] ) § ¥ ¥ LK L]
- \l on *
= ’
-{0¢v
. - 06
| w»
. . L]
. (D) ‘
" ‘ */e
(/
Oﬂ\ . 7

=

i
3
iz
}
:

E\.



¢
t
« N

D. Identification of Specific Issues

The statlstlcs cited in the previdus. sectlon clearly indicate
that there will be a serious employment proble'm among Ph. D astronomers
* in the immediate future. The 800 graduate students now in tralnlng
indicate a preoduction Oabout 150 new Ph.D. 's per year. TQ;ynumber of
avallable jobs per year in unlvezitltles is about 30. Unless some
modlflcatlons are made.to change the trends there will be an .even |
greater emplo;rment crisis in, the long-range future‘of the science.
The one basic qugstion to be addressed is:’ How can the populatlon of

astronomers be brought into an apprcximat;» ilibrium between (1)
o

w to decrease (1) and

supply and (2) demand? We must consider

increase (2). ‘
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FI. . DEVELOPMENT AND ACTIVITY OF THE COMMITTEE

‘e

. i
The Astronomy Mlnl—Stuiy Committee met at Woods Hole 'for the first time
" on' June 13-15, 1974. Attendants at the meeﬁnng were:
. Dr Leo Goldberg'(Chalrman), Astronomer and Director of Kitt Peak :\\_
National Obgervatory. -
' Dr. Alexander Dalgarno, Professor of Astronomy_and ghairman of the
Department of Astronomy, Harvard University. ' \ “~ \
Dr. Frank Drake, Professor of Astronomy, Cornell University, and -
' . Director of the Nationai Astronomy and Ionosphere Center.
' Nbr. Robert Fleischer, Heed,'Astronomy‘Section, Nationgl Science e
-\ Fouhdation. _ 7 . '
Dr. Ivan King, Professor of Astronomy; University of California,
° Berkeley. *
' Dr. Robert Kraft, Professor of Astronomy, University of California,
\\\Santa Cruz, and President, Amerlcan Astronomical Society. ’
/ Dr. Beverly Lynds Astronomer and Assistant to the Director, Kitt Ce
p/ Peak Natlonal,Observatory . g (
. §‘° ‘Dr. Peter Meyer, Professor of Phys1cs Un1vers1ty of Chicago. |
' ‘/ ’ Ms. Beverly Porter, Deputy Direcétor, Manpower D1v1alon, American
' : Instltute of Phys1cs § . ) .
) \\\\\Dr. Malvin Ruderman, Professor of Physics, Columbia University. T
. ‘ Dr. Henry Smith, Deputy Associate Administrator -&kuence,!Offlce of
Space Science, National Aeronautics and Space Administration.g
f At this initial meeting, preliminary statistics in the astronomical
» population Wiéh respect to total numbers, age distribution, field of Ph.D., .
. employment and growth mere discussed and several more detailed enelyses were
requested of the 1973 AIP survey; The Committee then reviewed the current
and possible future federal funding for astronomy. General discussions
were held on the research potentiél of "the field and oh possible new modes .

. of employment of astronomers. The Committee \agreed to d;scuss all issues

. with their colleagues and to reconvene in the fall in order to ‘produce a

final report.
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Detailed minutes of the Woods Hole meeting were prepared and distributed
to the Committee members. In additiom, Dr. Goldberg sent copies of the
minutes to astronomers at about 70 different universities and research
institutions and,asked them to dlscuss the issues with their colleagues and
adv1se hlm of thelr suggestions and opinions. Responses were received from
45 scientists, many of whom spoke for an entire department

The comments from these reSpondees plus notes from. a Tucson'meeting of
seven additional gstronomexs and ddministrators (from KPNO, NRAO, SAO, and

the University of}ﬁrlzona) were compiled and-categorized by subject matter

“and the resulting report was mailed to all members of the mini-study -prior

.

to its fall meeting.
A second meeting of the mini-study was held. at the National Academy . .

of Sciences on September 27-28 and was attended by the original steerlng )

~

ggoip plus five additional participants:
v

Dr. Donald Backer, Goddard Space Flight Center - .
Dr. Richard Berendzen, Dean of College of Arts and Sciences, American ) .
University ’ ) . L ]

‘Dr. Kate Brooks, Los Medanos Community College
Dr. Martin Green, Adv1sory BnglnEer Electro- Optlcal Department “
) Westinghouse Electric* Corporation : ’

2

Dr. Joseph Schwartz, Center for Astropnysics,'Harvaqd & *Smithsonian Obs.
Other guests included Mr. Charles Reed, Exe:;;)ve Director, Assembly 6{ .
Mathematical and Physiéal Sciences Pf the Nation hesearch Council; and
Br. Jack Sanderson, Head, Office of Budget, Programming and Planning Analysis
of the National Science Poundatlon (now Deputy DlPeCtOP Offlce of Planning \

] N .

and Resources Management). .

Porter had provided the ditalled statistical data requested by the
Commit#ée. . . ' . T ot Ty
The Committee spent the first day‘discuss;ng the main issues identified
at the Woods Hole meeting and other points raised'bytthéir colleagues, by
industry and by_university administrations. On -the second da&'the.Committee
rcached decisions on the nature.of the final report and discussed its
conclusions and recommendations. Té&s report is the_resuiting document.
et | — - ) - ) ) ‘ . ' ) ‘( . .
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III. COMMITTEE REPORT

A, Graduate Training . ' . p . .
According to Table III,~thére are about 50 Ph.D.'s employed in s -

astronomy over the age of 60 and more than 500 under the age of 35.
This can be generalized to the statement that there are ten tlmes
as many astronomers entering the fleld\aa agefleav1ng 1t
' If it is assumed that the present populatlon of Ph. D astronomers
" in the U.S. is 1800 and that the average career span far each is hO
. . years, then an employment rate of 45 new Ph.D. aetronomers per year
would achieve an equilibrium rate if the age distribution were uniform.
It is clear that the namSer of new persons seeking employment exceeds .
this steady-state value by'at least a facter of 4 and even then the )
equilibrium will not be achleved until the end ‘of the century because
P

‘of the skewness of the age dlstrlbutlon

If the. career span were reduded through early retlnement then a

higher employment raté could be accommodated Many unlver31t1e“\are .
now exploring this p0381b111ty and if it proves viable for the- future
. it will help to alleviate the problem. Very few poaltlons would become
available immedidtely, but it is hoped that the p;bmise of futurfe tenured
positions becoming availaLIQAVill enable uniVersities to argue for an
extension of support for their ]unlor staff for about the next decade.-
Although the employment oppartunztzes in astronomgrmay increase it
.t8 clear that the rate of productzon of Ph.D.'s seeking employment in
astronomy must be reduced It {8 the responsibility of every university
department hich produces Ph.D.'e with specializations in astronomy and
aatrophyazca to asazat zn achieving thig reduction. The Cmezttee
~" recommends that unzverazty departmenta take the following steps: (1)
‘to znf‘om potential students of the cumﬂent employment ‘problem in
‘ aatronomy and to provzdb asazstance to the potentzal student in evaluating .
o his or her achzevement capability, (2) to screen ca.refuZZy the students
. ' both prior to-admittance to the graduate program and during the earZy
’years of graduate work, and (3) to provzde a program whzch will enabZe
edch studént to achzeve adequaté mobzlzty with. respect %o empZoyment
opportumtwa b . - LT 'f "
. The Comittee recommends that the American AatronomcaL Soc;;ety
asgume, the responszbzlzty of oberaeezng thé distribution of aastandhrd
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letter to.all. Ph.D. granting institutions having specializations in
astronomy and/orndstrophyezcs and of urging these institutions to
" Iadopt this Zetter and to mail it to evgry student seeking admission
to graéﬁate worki An exdmple of the :j;k of Zetter envzsaged by the
- Committee foZZows. .

' H o : ‘

a4 , e

Dear Student. “. . . L

ot You*should now be g:vnng ser|ous thought to the career

3

. . “

. . You expect to have after comp]eting your graduate work. »
., . . 'Astronomy’ 1s an |nte11ectua]]y exciting field in which maJor o

3

‘ advances are bexng made, covering a broad spectrum of the o
. . PhYsica] sciences. ' ; : : ST -
) Traditlona]ly, the most. desirable posntlons for a youngd -

. .
- astronomer have been those at large un|versit|es or maJor ; ..

obéerVator1es where one could devote a substantlal fraction
of time ‘to research. However, the increased numbers of
graduate students in the physical sciences, the overall de-

, creased enrollment at the undergraduate levels, and the :
LE decreased funds ava|]a81e for research have combined to make " .
:‘ ’ the prospect of obtaining such posntlons |ncrea51ng1y difficult,
“Opportunities will be avallabLe 'of course, but the ratio of
™" . candldates to avallable positions "at current rates of Ph.D.

.~ production is proJected to be more than 4 to 1.

5, " You should now seriously consider whether your }nterest

) in the field ig so great that you wish to devote five more '@ |

- Co years of hard study to astronomy, knowing tEgt at the end of ' T
. those years the main, job openings will probab]y be in fields

‘ . entnre]y dlfferent from astronomy. , .

/ ' " ‘With the subject matter of the physical sciences changihg» ‘

i . %0 rapidly, it is'not-uncommon for a person who acquires kno;- ‘.
ledge and'researchhexoerience in one field to change Tater to',

o ) g an a]]}éd one. The posltions which wil}] be available to you"

' Ceowildle be fi]led on a hlghly competitlvb basis, and you must be . o

-

., very honest with yourself in assessing your chances of success

not only‘for completlon of the Ph D. butjalso in- the c0mpetitnon o

. . B
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for employment. We will do everything possible to advise you S
carefully as to your chances for future success ln both graduate , . -

: school and your intended career. : v .

As an ln|t|al step in this® proceduré We caf gnve you a- 1} g
rough lndlcatnon of a typ:cal student whb mlght bé'admttte& to )
a graduate program. ' For undergraduate gradés, the studént ‘had
' more A's tHan B! s at a good institution... The sfudent scored et

well on both the.verbal and the quantitative parts of .the GRE

[

o ‘and had veryagoqd recommendations fromcprofessors. None of ’
these is an abbolute criterion, because no test_ has- been devised’
"yet to measure such intangiblés as originality, but they may T @
prov:de a helpfyl gu:de in allowing you to carry ‘out a self~ : .

eva}uat10n of your potential B -

Very sincerely yours, : -

' >

t

[ 4 o
Departments of astronomy differ in the manner in which the students ane

- screened. Several of the leading departments have already drastlcally
cut down the number of students they admit to thelr graduate program. .
Other departments have admjitted many but selectively "weed out" a large

:

fractlon of them during thelr flrst few years of graduate studies. |
Some departments depend heav1ly on graduate student«ass1stants in dis-
pharglﬁg the teaching and research'responsibiiities of the department,
and therefore encourage large graduate k;nrollments./

o The Committee recommends that-faculty members agsume move under-
, graduate teaching }esponéibilities and that po?t-dbctoral fellows

be considered for positions as research assistants fo fill the need

.. cveated by smaller graduate énrollments. . ..
The employment cr1s1s in astronomy must be faced not only by the .,

young people but by university departments as well. The ever-increasing s

”

pumber of Ph.D. produc1ng departments is a cause of soéme concern,

although it also reflects the enormods enthusiasm the academic world

.
o
. s .
. -

now has for the salence. , o

. The Cbmmzttee recommends that all exzstzng qgtronomy departments
and QZZ embryonzc ones achieve close cooperatﬁon zn the organzzatzon




. - .

of curricula between physwa cmd astronomy 3pec1,aZ1,zatwn3. Furthemore,
it is recommermddNthat astroromy departments, old and new, make certam
that they are not overemphasizing graduate eourses at the expense of
tmaginative and attractive undergraduate offerings.

The result of these recommendations will undoubtedly mean that -

senior faculty member% will have to teach more and ‘that departments

‘will have to curtall their graduate populatlon but #f both actions are gﬂ

" carrjed out they should balanc® the criteria for uﬁiver31ty support '

“for the department. This contribution by senior members of the proféds-

sion will‘assist im allowing departments to continue to maintain a

junior staff as long as the undergraduate popularity of the field exists.

It is also the responsibility of each graduate department to make

sure that its students receive a training broad enough to make them

competitive with other candidates for, the job market. At present,

having a Ph.D. in as omy. rather than physics puts the applicant at

a dlsadvantage when competlng for employment in 1né‘étry and in many .

four” year ‘colleges. This dlsadvantage may be caused by the incorrect

1mage” an astronomer has in the eyes of 1nd&§tr1al recru1tment officers

4

and unlver31ty off1c1als, however,’ some astronomers are very poorly !

equ1pped to handle problems outside a narrew spec1alty because of a A

1)

lack‘in'breadth in their'training It is up to the entire communlty of ,

astrénomers o correct the 1mage that astronomers are able only to look

through a telescope and ponder the riddles of the universe. There is

also scme real evidence that\many of our young Ph.D.'s are indeed much

too'overspeciaéizedhand have not received sufficient diversification

in their graduate work, especially with respect to physics courses. A -
properly tra1ned astronomer should be fully as capable of teachlng the

undergraduate physics and astronomy courses in a college as a phy81c1st

isy ‘and 1f the astronomer has 1nstrumental talents he should be a valu-

able asset to modern technology as practﬁced not .only in astronomy but

- [}

-

alsg’in 1haustry \\;\ S
The Commttee recomnends that dll depaptments Offering graduate
studies in astronemy review their graduate curriculum and their ’ .
iattitz:des tovard employment opportunities in the light of the current

- i . |
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situation in astronomy. To become employable, graduete students must
have opportunwzes to gdin experience in teaghwg, in computer appiz-
cations, electronics, or. in special fields of a related smence.,t“f’bey
mZZ need the understanding and support of their professors as they
prepare themselves for such dwerswf'bed eareers. .-

~On the basis of the data presented in this section, it is cleap

.‘that the governmment has invested a substantial sum in astronomlcal
°fac1llt1es and research. It is regrettable that federal support for
"7 the physical sciences is decreasing’ and that so popular and vigorous

a field as astrophy81cs must realistically pr03ect at bést essentlally'

level funding in future years. ‘

" One area of research that has suffered from eutbacks in federaZ
support 18 the analysw of data from space migsions. ‘It i8 ‘umperat‘we
to aehzez)e the opt1,mum balance between the support of major space
misgions on the ome hand, and. the support of the spectalists who ob~-
tain, analyze and interpret the wealth of new astronomical data pro-
duced by. such programs on the other. The young space scientigts who
must be counted on to design the expeliments to be f‘Zown #n the
shuttle are actually being forced out of the field because they ecannot

find emp loyment. : , ,

The Committeé suggests that. NASA make a careful study of the need

for data analyses in the astronomy. program.

~
- . % 3
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Employment
1. Industry . iy ,

.One of the most striking diffe;ences in the employment
patterns of astronomers and physicists is the under-rebresen-a
tation by astronomers in industry (6% compayed to 22%). Fur-
thermore most of the Ph.D. astronomers employed by 1ndustry

are worklng for. companies which are heaV1ly engaged in the

- space programs and are essentially funded-by NASA. A sampling

of the opinions of certain companies has uncovered the general
belief that astronomers are star—gazers who enjoy contemplatlng
the mysteries of the universe and _are not suited for the more
mundane and practlcal hard-headed matters that industry faces.
The companles also thought that students of astronomy ought to
be trained in skills that are needed, such as computer apRli-

cations, electronics, instrumentation, ete.. If astrohomers
’ — ’

‘are to compete for industrial positions, then greater attention

must be given to assuring that they have the skills industry
needs. Astronomy has-a very excatlng fleld of . act1v1t1es and
a very broad and dlverse range. If, thns fact’ 1s\coupled ‘into
some specific project tralnlng ‘then a speclallst would emerge

who not only'eould?contrlbute slgnlficantly to astponomy but .

, also to 1ndustry ’ - “' i ‘“ ) ,{

. 4
" On the bas1s of a sampllng of attltudes on hlrlng astrono-

mers by one high- technology,cerporatlon the follow1ng p01nts
- {

. were made: . ) N

’

(1) the Ph.D. astronomer'is seen primarily‘in this:cﬁn-
tekXt as an individual w1th a reSearch tralnlng thaf should
give him a sound analytlcal ablllty and & general sc1ent1f1c

‘tralnlng g{e is regarded as hav1ng leadershlp potentlal

. (2) An undergraduate training in Rhys1cs or electq;cal
engmneerlng is regarded as essential to his general baek~
ground. Both theoretical astronomers and ‘those w1th an
undergraduate training in astronomy are~con§1dered to be

- L4

too spec1allzed. e e . -

.o

¢
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(3) At the present time the general background of the

.Ph.D. astronomer is more attractive tqQ a development

group in a manufacturing division than it is to é research
- laboratory. 'The need to understand a customer's require- .
’ ‘menfs for a sophisticated component or to analyze a total

. . system talls for a man with a general physics background.
. . - ) ’r
(4) Hiring Ph.D.'s in a manufacturing division seems to

O -

AN
' \m&v
AN
Sy

Y

? _present no‘“psychological" problems. ' -

(5) Practical experience with building instruments and
getting one's hand "dirty" are regardeé as desirable

. ’
. _traits.

€6) The‘job candidate must try to relate his past'ex—l
perienqg,tG’the'needs of his potential employer. He must

K ' understand that he will become an engineer, not an

astronomer, and: can probably -advance by providing leader-

-

ship to a group of "specialists" (for example, he should

demonstrate that "he can get the job done").

(7) An M.S. degree of'equivalent training in Computer . .
Science, Optics, Nuclear ?hysiesf’Electronics, or Solid- -

- . State Physics s &n advantage.

S e T (8). The candidate should seek out high technology in-

. dustries. )
- o -7, ’ . \ R R * N

‘Asfrbnbmers could gdin mofé visibility in indpstgy by . c .
‘_éétiveiy participating in the NSF Faculty Research Participation
-7 - Program of the NSF Division of Higher Education in ‘Science. ' : .
This program, in which academic faculty are encoqréged to parti-
_ cipate in research in anhindustpial'type of'se%ting; is’ ,
o planned to assist in adding another dimension to the instruction
‘ of students of science in colleges and universitiés., if

astronomers participated in this pfogram they could“overcome

'_ ) * the image that an astronomer.is not employablé in industry, B

they would gain an insight into the kind of advice they should '

. \ «




)"

glve»the\students in preparing them for industrial positions,

- and they coulﬁ estabilsh contracts in 1ndustr1al areas.

There would also be seme advantage to the program belng

eéxpanded to include those persons in pure research positions

and particularly those holdlng post- -doctoral, research pos1tlons.

This would 'be one mechanlsm of ass1st1ng young . astrophy31c;sts

N
in broadenlng their fleld of expertise so that alternatlve ,

\ d L
careers might be developed e o . .

H 4
4

. 2., Teaching /{ﬁ/f
! ) Thelnthusiasm for astronomy evidenced by the ever-in-

creasing graduate enrollment and Ph.D. production is also re-

flected in the interest shown by underéraduate students and by

1
the public in, general. All physical scienkists and astronomers

in particular have now._an-opportunity to assist.in developing.

a more scientifically aware society and to achieve large gains -
L

" in the scientific literdgy of the nation. On the practical

side, increasing enrollment in undergraduate astronomy courses

brings financial support to-.a department and enables it to -
support’ its faculty. ' Q H ’
The Committee recommends that the American Astroﬂomzcal

Society take the lead in a concgntroted drive to expand under-
graduate programs in dstronoqy and to seek out and encourage
all junior. colleges, colleges and universities not now staffed
with an astronomer as a faculty member to introduce this ex- '
'cztzng program. into their currtcula

o '

Table XIV, provided by the AIP5‘E%mmar1zes the 1nvolvement

of tralned astronomers and others teachlng astronomy at the

varlous educatlonal levels.q ) N .
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The figures for non-astronomers should be considered lower
limits because scientists only peripherally 'tapped in the AIP-
survey may be teaching astronomy. .

" Students are not included in the figures of Table XIV.
Sixty students teacn some aStronomy on assistantships in Ph.D.
departments; ;p studentS’féach at tho other- educational levels.,’

.Clear}y at the university level the astronomy-trained indi-
vidual holds mest of the }eaching positions, particularly at

\ the Ph.D. -producing departments. But at four-year colleges
and lower the situation is quite differenti non-astronomers
domlnate the situation. ‘

The AIP has also provided listings of four—year colleges -
offering introduc;ory courses in astronomy; 401 are listed. On the '
basis of Table XIV, we infer that very,few of the colleges have
astronomers teaching these courses. A/’addltlonal list of four-
year colleges. offering no) astronomy was prggiéod; 64 of these
latter institutions have faculties greater than 100 and may be
good candidates for program enrichment in the field of, astronomy

The ATP also lists 3u two- -year colleges offering associate
degrees in astronomy and 359 two—year colleges niot offering
astronomy courses in 1974-1975. .

AQWZn example of the contacts needed, a recent Sigma Xi
lecturer, who is an astronomer, v1s;ted two unlver81t1es with
enrollments of 9000 each. Both universities offer elementary
astronomy courses with the teaching being done by .a physics «
department professor. In both universities, the administrators
indicated‘that they would like to hire an astronomer‘and if
someone wouid come forward it probably could be arranged. But
it appeared necessary for the initiafive to come from the out- 4

side. The AAS, under its Shapley Lectureship Progrdm, has one

- mechanism which would enable senior astronomers to encourage

such universities to strengthen théir astrofomical offerings.
The interest shown by undé%éraduate students is frequently. o
generated in olemen{ary and secondary~sghools, where astronomical
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subjects are being introduced more and moré in the general , i
science and physics programs. - ’ - n
| The Committee recommends that astyonomy debtzrtment heads
of all’ state universities make an effort to’ ‘suggest to their
state Zegzslatures that an-astronomy course be incorporated . '
as a science credit for all new and eontinuing education stu-
. dents .and teachers. ‘ C
The technology of teaching undergraduate ecience courses
is developing in an accelerated way and many innovative aiée
are available which ligﬁten the burden of the teacher. An
effort should be made by all educators to use these state-of-
the—art techniques in order to make their courses more
:interesting and\to give the lecturer more flexibility in the °

. allocation of his time.

If, with a major effort on the part of ‘the astronomical
~ community, a‘humber of new teaching positions are opened up ,
for youné astﬁonomeré, then the astronomical co?munity should
also'look for new ways to enable these talented young;people L4
to continue tpeir research ::areers. Heavy teaching loads and
relative isolation from colleagues will makeAresearéh difficult

'to carry out during the academic year. It is possible, however,

for such persons to joir an active research group during the
sgnmer recess.. Modest programs at the National Centers are T <\ ‘
- .already underway, and the major'nniversity centers of astronomi- )
cal researcH might also develop such summer institutes penhaps

with ‘the support of federal funds from HEW and NSF education

fundé. The recent technological advances in observational

astronomy glve promlse of providing such a wealth of data

that major ifroads in the fundaméntal problems of astrophy31cs

* “can be made with a team effort of data reduction and analysis.
-, Such teams could well be centered at one of the major universi- Lo
“ties or observatorles and ‘could ea81ly accept young Ph. D
* astronomers during the summée as collaboraters. Thus 1t would

" be advantageous to the science and to the educational field to
i ’ ! ) . ’ »“ ’




have such efforts underway. A scientist actlve in research
is usually “the most valuable and Lnsplrlng science teacher

The NSF has recently announced that opportunities are
‘available for faculty members of smaller institutions to remairr
égilve in organized and bas1c research by part1c1pat1ng in re-
search supporteddy NSF at large active departments of a nearby -

unlvers1ty. :
-4

v In recommendlng “the enrichment of college programs by the
intro tion of astronony in the currlculum, the Committee
realize$ that the skills and expertlse of mature astronomy ‘
teaohers are ‘critically needed. The first step in developing
new astronomy programs in colleges now.having none would con-
sist of the placement of such an enperienced and knowledgeable
astronomer in the college for several years in order ‘to get
the program,established. Tt would then be easier for a:young e
astronomer to join the program. Perhaps'1t would be poss1ble
to find support from private foundations or from federal . -
sources to introduce a distinguished professor program whereby
a person within a few years of retirement would be willing to'
leave his home institution in- order to contribute to the en-

rrlchment of another four-year colleges“fhg~gollege would
beneflt and the home institution could then employ a young
person in place of the senior professor. The funds needed \

5

would be the sa. and moving expenses qf the senlor professorbé
for the few years prior to retirement. A coordlnated effort )
would be .needed in finding funds, interested senior astronomers,
and interested colleges L @ . .
.The precedlng suggestion is ‘an® alternative to the poss1—
bility of early retirement whlch is now frequently d1scussed 1n
academlc circles. As»lndlcated byWUEErlnereas1ng percentage of
tenured astronomers among “the leading departments “of astronomy,
there is some concern .that a "generataon gap" w1ll develop in
such academic departments whlch ‘cannot expand to hire young .

peoplek At present the- usual procedure is to maintain the
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young population in non-academic positions. For the continued

health of thelscience it is necessary .to keep -@a young and active

population of reéearch workers and.these young people need

some hgpe that permanené positions will'bgcome available to .

-them. ’ . : &
The problem has now become acute in astronomfg Unless

additional positions g:come available, it is inevitable that

hundreds of young persons already<frained~er now being trained

in astrobhysié§awill have to leave the field entirely.

Immediate efforts should be made t t least 200 new posi-

tions for tﬁe young Ph.D. astromn W' now in temporary positions.
While ‘the e%for% is underway,‘it is hoped that employers oé i
these, young scientists will é%tempt-%o‘eitend_thé,duration.of ‘ ,l

the temporary appofntment. At the same Fime, a“reduction in . <
the Ph.D. production rate of pepsons specidlizing in astronomy
should be begun. These measures will not solve the problem but
only alleviate it. The ratio of astronomers under forty years . .
of age to thoée over 50 years is nearly\G.to 1 and if all of

the younger cohort seek permanent employmeﬁf in the traditional’

. $ ] .
modes, only one in 6 will be successful. The possibility of ) -
an uﬁemployment rate of near six hundred percent is indeed
staggering! . , T .Q

All of the recommendations in this report require the full
codperation of the astronomy and physics'commupities and many of
the.al%ernatives suggested will reguire bas;c changes in out-
look of the mature éroup of astronomers and a real commitment
of time on the'pa?t of a few influential senior persons in the |

fiel@.‘ It is hoped that the community will respond to this
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