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By Henry A. Barton, R. Bruce Lindsay, and Leonard O. Olsen

HE President of the United States referred in

his press conference of January 15, 1962, to
manpower studies published by the National Sci-

ence Foundation, and stated: “This has been a matter
of some concern to me for some time because one of
the most critical problems facing this nation is the
inadequacy of scientific and technical manpower to
satisfy the expanding requirements of this country's
research and development efforts in the near future.”
The American Institute of Physics has for a num-
ber of vears been engaged in the study of manpower in
physics, and in the spring of 1960 it began to employ
some of its own funds to study the training of physi-
cists at the most critical level—namely, the period of
graduate study. It was hoped to learn, for example,
why the annual output of PhD’s in physics was in-
creasing so slowly even though graduate-student en-
rollments were up, and even though the opportunities
for good employment had increased rapidly. After con-
sultation with the staff of the Office of Scientific Per-
sonnel of the National Academy of Sciences—National
Research Council (whose generous and continued co-
operation is gratefully acknowledged). a questionnaire
was designed to assess the factors, other than the time
it takes to master the subject, which determine how
many vears after the baccalaureate the doctorate is at-
tained. Knowledge was also sought about reasons for
discontinuing graduate study prior to attainment of the
doctorate. Finally, it was desired to gain a statistical
picture of the flow of physicists in training as a func-
tion of their full-time or part-time status, degree sought,
age, sex, nationality, marital status, employment, eco-
nomic circumstances, undergraduate major, and other

factors,
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Specifically the questions asked for the biographical
facts and also for:

a, Intended goal (PhD, MS, or just courses)

b, Appointments held (teaching assistant, ete,)

¢. Whether full- or part-time student

d, In the cases of those discontinuing graduate study—
why ?

e. Specific delaying factors (finances, military service,
others)

The first survey covered the academic year 1959-60.
Because distribution of questionnaires occurred too late
in the spring, only about half were returned and used
for analysis. Even so, much interesting information was
obtained. This has not been published although an out-
line of principal conclusions was mailed to graduate
students along with questionnaires for the second year's
survey, covering 1060-61, On the basis of the first
vear's experience, a more effective plan of distribution
was adopted, yielding replies from over 84¢ of all
graduate students, and certain changes were made in
the questionnaire. The latter were designed to amplify
and clarify some information, abandon unproductive
inquiries, and to elicit additional responses concerning
specialized interests, sources of scholarship and fellow-
ship funds, foreign-language competence, etc.

Because of the much greater coverage of the survey
of 1960-61 and the fact that the conclusions of the two
vears are generally not discrepant, the statistical part
of this report is based upon this second year only, ‘thf
few significant variances being indicated at ;lppri)pl'lfilf
places. In a concluding section about the interesting
voluntary comments, both vears are covered.

HIGHLIGHTS

Questionnaires were mailed in May 1961 to about
9400 graduate students whose names were kindly re-
ported to the American Institute of Physics b}"lhe
heads of physics departments of the 218 institutions
offering graduate work in physics. Usable replies were
received from 7907 (84.1%). An analysis has been
made with the aid of punched cards, the principal con-
clusions of which may be summarized as follows:
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Table 1. Graduate Physics Students by Full or Part-Time Status and Degree Sought as of
June 1961
United States
Full-Time Part-Time Full-Time Total
Student  Student Employed us Foreign Total Percent
Attaining PhD in 1961 359 119 02 570 86 656 8.3
Attaining master's degree in 1061, 48 40 27 115 28 143 1.8
then discontinuing
Continuing to PhD 2362 1240 827 4429 651 5110 64.7
Continuing to master's degree but 380 380 715 1475 60 1535 19.4
uncertain about PhD
Continuing only to master's degree 63 57 188 308 14 322 4.1
Just taking courses 138° 3 141 1.7
TOTAL 3212 1836 1849 7035 872 7907 100.0
PERCENT 40.6 23.2 23.4 89.0" 11.0 100.0
*IUS, just taking courses: 1%
Table 2. Analysis of US Graduate Students of Physics by Age Groups
Age Group Male Female Total Percent
Under 20 1 1 :
20-24 2165 72 2237 32.4
25-20 2909 48 2057 42.9
30-34 1088 17 1105 16.1
35 and over 569 27 596 8.6
No report of age 136 3 139 —
TOTAL 6868 167 7035
TOTAL REPORTING AGE 6732 164 6806 100.0
Table 3. Analysis of US Graduate Physics Students by Marital Status, Goal of Study, and Sex
Male Female
Uncertain Aim- Uncertain
Aiming Beyond MS Courses ing at Beyond MS  Courses
Marital Status at PhD MS Only Only Total PhD MS Only Only Total
Single 2065 606 136 48 2855 54 34 18 5 11
Married—
no dependents 480 99 41 7 627 il 7 9 1 48
1 dependent 410 08 18 10 536 3 6
2 dependents 772 108 58 14 1042 = F
3 or more 1162 423 139 52 1776 2 B
dependents
No report of 22 7 2 1 32
marital status
TOTAL 4011 1431 304 132 6868 88 44 20 6 167
JUNE 1962
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Almost 739 (5760) of the respondents indicated their
intention of continuing graduate study (o the doctorate
degree, About 209 more (1535) were uncertain as to
whether or not they would continue to the doctorate
About 11% of the respondents were foreign.

Only 239 of the U.S. citizens in the survey were women
However, almost 6% of the foreign students were female,
Over 75% of the respondents were between 20 and 30
vears of age,

were marriced.

Almost 449 of the married students reported three or
maore dependents,

Almost one third reported scholarship or fellowship aid
Almost half of the full-time doctoral candidates were
receving this kind of assistance.

Over 60% reported some income from campus employ-
ment (exclusive of fellowship or scholarship).

Two thirds of the respondents were enrolled in the
graduate schools of large institutions. (ie., those award-
ing three or more PhD's annually.)

More than half (55%) received the bachelor's degree
from institutions offering graduate study to the doctoral
level.

Almost 19% had been awarded the baccalaureate degree
in majors other than physics,

Of the more than 80% who indicated that they were
meeting language requirements, over 88% were offering
German, almost 68% French, and almost 22% Russian,
Of those completing or discontinuing graduate study,
and who had made a job selection, about 24% were
going into college teaching, another 38% were going to
be employed by private industry, and about 17% were
going into research activities either in nonprofit or aca-
demic institutions,

Almost 27% reported inadequate finances as a retarding
factor in their graduate work. About one third reported
delays due to full-time employment. About 14% were
delayed by military service. Better than 37% reported
positively no delay in graduate study.

Table 4a. Time Spent by US Students of Physics in Graduate Study to the Doctorate
WITH FELLOWSHIP OR SCHOLARSHIP AID

Full-Time Students

Part-Time Students

Full-Time Employed

Degree Expected

Degree Expected

Degree Expected

No. of
Years 1961 1962 Later Tolal 1961 1962 Later Total 1961 1962 Later Total Total Percent
l - —— — 3 r =iy — -l —]
2 2 2 - 4 - = = = —s = =2 = 4 0.2
3 10 20 45 84 E 2 6 8 = 2 2 04 5.5
4 43 04 268 405 3 20 42 65 — 3 6 476 27.6
5 70 116 250 436 6200 86 112 1 2 7 10 558 32.3
6 44 02 58 104 5 16 26 47 1 4 18.° 73 264 15.3
7 15 38 18 68 12 0 7 28 2 7 16, 25 121 7.0
8 12 15 11 38 6 3 12 21 1 3 5 9 68 4.0
9 1 11 8 20 2 4 2 8 — 1 10 11 30 2.3
10 2 7 3 12 2 1 1 4 e == 8 8 24 14
aver 10 4 16 16 36 2 6 7 15 1 3 220" 26 77 44
Noreport — 1 54 55 — 1 41 42 Sp— 24 24 121 —
TOTAL 203 418 731 1352 3 82 230 350 6. 23 115 144 1846 1000
WITHOUT FELLOWSHIP OR SCHOLARSHIP AID
‘ - i ' i B A - - il i . — I
2 1 1 2 4 — — = s — — 4 0.1
3 3 ] 32 44 1 3 15 19 1 1 = 2 65 2.3
4 18, 71 232 321 5 . 35 163 203 1 5 24 30 554 9.7
5 43 104 244 391 17 71 244 332 5 7 66 78 801 28.6
6 49 99 107 255 8 47 101 156 6 16 73 95 506 18.3
T 20 57 44 121 22 26 39 87 100 % 72 88 206 105
8 9 25 17 51 11 18 18 47 10 10 56 76 174 6.2
9 7 17 10 34 9 8 9 26 9 10 37 56 116 41
10 1 13 4 18 6 6 8 20 12 B 33 Eg a1 3.3
over 10 4 18 11 33 1 0 15 25 30 23 83 136 104 6.9
No report — 1 05 06 1 — 93 04 3. ' 01594162 352 g
TOTAL 155 415 798 1368 81 223 705 1009 87 86 603 776 3153 1000
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ANALYSIS OF RETURNS

The usable 7007 returns came from 7688 men and
219 (2.89%) women. Of this total, 6971 were US citi-
zens, 58 had applied for citizenship, 6 reported they
were stateless, and 872 were foreign nationals. For the
analysis the first three groups, 7035 (897,) were
lumped as “US students”. The 872 (119%) foreign
have only been analyzed in certain respects (Table 1
and a later section).

Table 1 analyzes all graduate students of physics in
terms of their intended goal and their full- or part-time
status, except that foreign students are lumped in the
latter respect. The large number (1849; 26.29,) of US
students who report they are full-time emploved sug-
gests that provisions for such students need careful at-
tention. The arrangement of courses at convenient
times and locations for these students should expedite
the training of more good physicists,
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It is notable that of 6897 continuing students en-
rolled for degrees, only 322 (4.79%) were definitely not
intending to pursue their studies to the doctorate.

Tables 2 through 14 relate only to US graduate stu-
dents of physics. Table 2 requires no comment. For
Table 3, the first column includes both those who ex-
pected to attain the PhD in 1961 and those intending
to continue on to the PhD. The third column likewise
includes both those terminating with and those con-
tinuing on to the master's degree only, Quite a large
number of graduate students had three or more de-
pendents. They were asked to count these as on their
income tax blanks. To see that finances must cause
much delay or difficulty, one has only to look at the
“total male” column of Table 3 expressed as percent-
ages of all those reporting, Thus, 26.0% have three or
more dependents, 15,29, have two, and 7.87, have one.
Including 9.29, who claim no dependents, 58.29; of
US male graduate students are married.

Table 4b. Time Spent by US Students of Physics in Graduate Study to the Master’s Degree

WITH FELLOWSHIP OR SCHOLARSHIP AID

Full-Time Students Part-Time Students Full-Time Employed
MS MS MS
No. of Uncer- MS Com- Uncer- MS Com- Uncer- MS Com-
Years tain Only plete Total tain Only plete Total tain Only plete Total Total Percent
1 16 — 5 21 3 TR=— 4 1 —— 1 26 7.3
2 50 6 9 65 4050 WL Sy 6 - 1 7 117 33.0
3 3. 3 1 17 20/ & 2 27 11 IPNE= 12 56 15.8
4 0 1 1 11 7 P 8 12 11 gl s 44 12.4
5 8 W e 9 7 2 9 18 10 = 28 46 13.0
6 P 1 3 L= 5 4 4 9 17 4.9
7 2 = 2 4 1 1 6 9 = W 9 17 4.9
8 DA 1 3 — 3 i — 4 7 2.0
9 — - - - — — 6 — — 6 6 1.7
10 I— 1 2 = = - — 1 1 3 0.8
over 10 LT e 2 == 1 6 5 1 12 15 4.2
No report 3550, o5 A0 V) 2O R D 34 LS 104 <=
TOTAL 138 18 20 176 105 14 7 126 110 40 6 156 458  100.0
WITHOUT FELLOWSHIP OR SCHOLARSHIP AID
1 21— 5= 96 14 2 2 18 2 —— 2 46 4.2
2 97 16 13 126 Nol AE 13 127 31 B2~ & ha8 201 26.9
3 41 6 2 49 51 8 8 67 71 9 4 84 200 18.5
4 8 2 12 20 5 3 28 T e ST 157 14.5
5 11 4 — 15 11 2 3 16 76 24 3 103 134 12.4
6 6 TR 9 5 2 1 8 35 12 3 50 67 6.2
7 2 2 — 4 Bl 1 -1 5 Z¢®  hiz 10Ny 46 4.2
8 — 20 9 3 = = 2 17 gL = 25 30 2.8
9 A 1 6 1 = 1 15 4 1 20 27 2.5
10 == CE == 2 = = = = 15 8 2 25 27 2.5
over 10 2 ) 5 5y 1 3 35 14 1 50 58 5.3
No report 52 6 — 58 60 6 1 76 206 17 223 357 -
TOTAL 242 45 28 315 275 43/ 33 351 605 148 21 774 1440  100.0
JUNE 1962

L’ _ - =2



46

Lable 4 gets directly into the matter of how long it
takes to obtain advanced degrees in physics. Respond-
ents were asked when they started graduate study,
when they anticipated receiving the degree of their in-
tent, and how many years were lost from graduate
study on account of military service, illness, etc. The
anticipated number of years of actual study so calcu-
lated was punched on their card thus paving the way
for the analyses of Table 4 (a and b), As an example
of how this table may be used, it will be noted that
among the 1352 full-time students whose income in-
cluded scholarship or fellowship aid (Table 4a), 1297
reported the expected duration of their study for the
doctorate. Of these, 929 required five years or less, In
other words, 71.67% of the aided students reporting
finished or expected to finish within five years. This

was Lrue for only 59.7%
did not include such aid,

IFrom Table 4b, similarly, it may be found that
among the full-time students, 63.79% of those receiy-
ing scholarship or fellowship aid completed or expected
to complete study for their master's degrees in two
years as contrasted with 59.1%, of those not s0 aided,

Generally speaking, the duration of graduate study is
not strikingly different between those aided and those
not aided by scholarships or fellowships. Since the ma-
jority of the unaided group is composed of those wha
have stipends as teaching or research assistants, the
efficacy of this method of financing graduate students
is confirmed. Nevertheless, there s a difference be-
tween the two groups and it is in the expected direction.

Table 5 reports responses concerning sources of in-

of the students whose income

Table 5. Derivation of Income of US Graduate Students of Physics’

5a. ALL ENROLLED 1960-61

To Per- Uncer- Per- MS  Per- Courses Per-

Source of Income PhD  cent tain  cent Only cent Only cent Total Perceni
Fellowship or scholarship® 1846 J37.1 353 24.1 105 253 17 23 2321 33.2
Teaching assistantship 1300  26.3 349 239 52 125 15 10.8 1725 24.7
Research assistantship’

I DR 1810 36.5 202 13.8 30 7.2 8 5.8 2059 29.4
Other academic 337 6.8 105 1 49 118 7 5.0 408 7.1
Off-campus employment 949 19.0 607  47.7 172 41.4 10z 739 1920 27.5
Educational loans 90 19 23 1.6 5 1.2 1 0.7 119 17
Family 169 3.4 51 3.5 14 3.3 3 2.1 237 35
Other 251 5.0 102 7.0 47 11.3 8 5.8 408 5.8
No report —source of income 22 — 15 = 8 = 1 — 46 =
TOTAL REPORTING 4977 1460 415 138 6989

5b. PHD COMPLETE 1061 5¢c. TERMINATING WITH MASTER’S DEGREE

Source of Income Number Percent Source of Income Number Percent

Fellowship or scholarship 247 43.3 Fellowship or scholarship 33 29.4
Teaching assistantship 68 11.9 Teaching assistantship 27 24.1
Research assistantship® Research assistantship’
Contract research’ g1 1.0 Contract research’ & i
Other academic 55 9.6 Other academic 9 8.0
Off-campus employment 66 11.6 Off-campus employment 32 28.5
Educational loans 11 1.9 Educational loans 18
Family 9 1.6 Family 18
Other 17 3.0 Other 15 134
No report—source of income — — No report—source of income 3 .
TOTAL REPORTING 570 TOTAL REPORTING 112

1. Respondents usually indicated more than one source of income,
3

2. Results of 195960 tabulation showed that 2530 of the respondents were receiving fellowship or scholarship aid as against 33,27 for 1960-61.

3. Because so many respondents indicated difficulty in separating these two, we have combined them for computation.
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Table 6. Reasons for Delay Reported by US Students Enrolled for Advanced Degrees in Physics '
With Scholarship or Without Scholarship or
Fellowship Fellowship
To Uncer- MS To Uncer- MS
Reasons for Delay PhD tain Only Total Percent PhD tain Only Total Percent Total Percent
Inadequate finances 379 90 24 403 22.6 870 344 72 1286 28.9 1779 26.9
Graduate study limited 178 05 20 302 13.8 673 446 120 1248 28.1 1550 23.4
by full-time employ-
ment
Interruption of grad- 00 52 16 158 7.2 330 168 54 552 12.4 710 10.7
uate study due to
employment
Military service 200 68 16 284 13.0 453 181 35 669 15.0 053 14.4
Iliness 38 8 1 47 2.1 67 33 9 109 2.4 156 2.3
Inadequate undergrad- 169 63 11 243 11.1 358 181 47 586 13.2 820 12.5
uate preparation
Other reasons 81 13 4 98 4.5 176 50 16 251 5.6 340 7
Positive report of no 926 111 25 1062 48.7 1125 260 37 1431 32.2 2493 37.6
delay
No report 123 1 2 126 —_ 144 7 = 151 o 277 —
Number reporting 1723 352 103 2178 3000 1115 318 4442 6620
TOTAL ENROLLED 1846 353 105 2304 3153 1122 318 4593 6807
1. Some students reported more than one reason for delay.
Table 7. US Graduate Students of Physics by Major Subject for Bachelor’s Degree
Other
and
Per- Per- Per- Per- No Per-
Total Physics cent Math. cent Chem. cent Engin. cent Report cent
Cont. to PhD 4999 4211 84.2 203 4.1 85 1.7 381 7.6 119 2.4
Uncertain 1475 1138 77.2 47 3.2 38 2.6 176 11.9 76 5.1
MS only 423 290  68.6 18 4.2 4 09 74 17.5 37 88
Courses only 138 87 63.0 10 7.3 3 2.2 26 18.8 12 8.7
TOTAL 7035 5726 81.4 278 4.0 130 1.8 657 9.3 244 3.5

come first for all students enrolled in 1960-61 and then than that reported in 1959-60 (229%), but 953 is not

for those terminating graduate study with either the
PhD or the master’s degree.

Table 6 gives the number of students reporting cer-
tain causes of delay. It is notable that 933 (14.49)
students were delayed in obtaining their physics train-
ing by military service. This is a smaller percentage

JUNE 1962
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a small number. If it be true that scientific work con-
tributes as much or more to the national security than
does conventional military activity, this number repre-
sents a considerable waste that is still going on.
Tables 7 and 8 give information about the under-
graduate preparation of graduate students of physics,
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Table 8. Type of Institution in which US Graduate Students of Physics Received the Bachelor’s Degree

Type of Institution by To Uncer- MS Courses
Degrees Awarded Total Percent PhD Percent lain Percent Only Percent Only Percent

No graduate study 2165 30.9 1307 25.0 540 36.7 173 41.1 55 40.5
Master's degree only 069 13.8 500 12.0 285 19.4 70 16.6 15 11.0
0-2 doctorates annually 1169 16.7 B3z 16.7 245 16.7 68 16.1 24 17.6
3 0 doctorates annually 1244 17.7 044 19.0 221 15.0 61 14.5 18 13.3
10 or more doctorates annually 1400 20.0 1164 23.3 166 11.3 47 11.2 23 16.9
Foreign 67 0.9 51 1.0 13 0.9 2 0.5 1 0.7
No report of institution 21 > 12 - 5 - 2 = 2 -
TOTAL 7035 40900 1475 423 138

TOTAL REPORTING 7014  100.0 4087  100.0 1470  100.0 421  100.0 136 100.0

Table 9. Type of Institutions in which US Students are Enrolled for Graduate Study in Physics

No. of Type of Inst. By To Uncer- MS Courses
Inst. Degrees Awarded Total Percent PhD Percent tain Percent Only Percent Only Percenl
102 Master's only 833 11.9 250 5.1 409 27.8 141 33.3 33 23.9

62 0-2 PhDs annually 1513 21.5 1014 20.3 357 24.2 115 a7.2 27 19.6
37 3-9 PhDs annually 2481 35.3 1866 37.3 455 30.8 116 27.4 44 319

17 10 or more PhDs 2202 JL.3 1863 37.3 254 172 51 12.1 34 24.6
No report of inst. ] — 6 —_
218 TOTAL 7035 100.0 4900 100.0 1475 100.0 423 100.0 138 100.0

Table 10. Number of US Groduate Students of Physics Offering Certain Languages

Percent of
Those
Reporting
Languages Offered To PhD Uncertain MS Only  Courses Only  Total No. Languages
French 3247 404 78 14 3833 67.9
German 3021 880 147 28 4076 88.2
Russian 962 230 20 9 1230 21.8
Others 33 15 6 1 55 0.9
No report of language 706 387 206 90 1308 =
TOTAL REPORTING ONE 4203 1088 217 390 5637

OR MORE LANGUAGES
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18.6% of whom took their first degrees in other than
physics-major curricula. Using the figures of Table 7,
it may be shown that 73.5% of those graduate students
of physics whose undergraduate major was also physics
definitely intend to go on to the doctorate, This per-
centage is a little higher than for graduate students of
physics whose undergraduate majors were in other sub-
jects, viz.: 73.0% for mathematics, 65.3% for chem-
istry, and 57.99% for engineering.

Table 8§ gives statistical information about the under-
graduate origins of graduate students making use of the
indicated arbitrary classification of institutions, Table 0,
giving information about the distribution of graduate
students among different types of institutions, provides
a basis for observing future trends.

In response to the question: “If you have to meet

49

language requirements, which of the following do you
intend to offer?”, the tallies given in Table 10 were oh-
tained. Since many offered more than one language, the
columns do not add to the number reporting which is
given in the last line, The 5637 reporting languages are
80.19, of the 7035 US respondents.

Because industry has recently emphasized its need
for solid-state physicists, and because government agen-
cies have stressed high-energy and space physics, it was
decided to ask respondents to indicate whether they
have specialized in some field by checking one of the
specialties listed in Table 11. The table gives the num-
bers of students indicating each, One is tempted to
compare columns to discern any trend in the popularity
of fields but it is doubtful if anything is thus shown
beyond a broader interest on the part of less advanced

Table 11. Number of US Graduate Students of Physics Interested in Certain Areas of Specialization

Continuing to PhD

Sub- Uncer- MS Courses
Specialty 1961 1962  Later lolal tain Only Only Total Percent

Acoustics 8 14 34 56 22 5 2 85 1.7
Astrophysics & astronomy 21 15 53 80 21 El 1 115 2.2
Atomic & molecular physics 54 101 136 201 47 5 = 343 6.7
Biophysics 2 10 34 46 17 5 3 71 1.4
Chemical physics 1 4 10 24 10 5 1 40 0.8
Electromagnetic waves & 18 29 76 123 54 16 5 108 3.9

electron physics
Electronics 1 7 45 53 90 51 15 218 4.3
Geophysics 1 9 13 23 10 2 — 35 0.7
High-energy particle physics 67 153 231 451 40 — 406 9.7
Mechanics 1 ks 8 13 12 3 34 0.7
Other nuclear physics 105 207 317 629 103 36 6 774 15.2
Nuclear engineering — 38 43 35 13 4 95 1.9
Optics 9 25 42 27 + 2 75 1.5
Physical meteorology — 9 11 3 1 16 0.3
Physics of fluids 23 42 71 136 23 7 2 168 3.3
Solid state 138 315 621 1074 183 36 10 1303 25.7
Space physics 8 14 57 79 29 2 4 114 2.2
Theoretical physics 87 232 474 703 66 13 5 877 17.3
Thermal phenomena 1 8 13 22 2 = = 24 0.5
No report of specialty 25 68 008 1001 672 207 74 1054 -

TOTAL 570 1247 3182 4999 1475 423 138 7035

TOTAL REPORTING 545 1170 2274 3898 803 216 64 5081 100.0

JUNE 1962
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students, They could hardly be expected to have sharp-
ened their interests as much as finishing students.

ANALYSIS OF GRADUATE DROPOUTS

In a national situation demanding more physics-trained
manpower than is available, it is of interest to deter-
mine, as well as the limitations of questionnairing per-
mit, how many quit this training prior to the doctorate
and why. Tables 12, 13, and 14 present the evidence
collected. The factors of competence, ambition, and the
like cannot be determined from the data at hand, Of
the 304 who reported that they were stopping to im-
prove their financial situation, a third still intend to
attain the PhD, Fifty-nine were stopping to fulfill mili-
tary obligations, nearly half of whom intend to go on.
This total of 363 seemingly involuntary dropouts rep-
resents a loss that should be mostly avoidable. Some.
of course, will drop out because they have found phys-
ics incompatible, This cannot be the case, however, for
the fifteen who are going on to the PhD in physics,
even though for the present they “will not be working
in any scientific field”. In fact, ten of these were en-
tering military service and two were in religious orders.

Readers who compare the first two lines of Table 12
with the first two lines of Table 1 may be puzzled that
781 completed work for the doctorate but only 570 ex-
pected degrees in 1961, leaving 211 unaccounted for.
The survey showed that 184 of these expected their
PhD’s to be awarded in 1962 and 27 hopefully later.
Similarly, 314 completed work for the master's degree
but only 115 expected to receive it in 1961, The rest
either expected to receive the master's degree later or
hoped to continue their graduate work to the doctorate
later.

ANALYSIS OF FOREIGN STUDENTS

Data for foreign students are as follows:

Status of Graduale

Stwudy Men Women Total Percent
Continuing to doctorate 724 43 767 88.0
Uncertain 51 9 60 6.9
MS only 42 — 42 4.8
Courses only 3 — 3 3

Total 820 52 872 100.0

Institutions Where Enrolled for

Graduale Study
(Type of Institution by Number
Degrees Awarded) Enrolled

Offering graduate study to the MS only 38
Awarding 0-2 doctorates annually 156
Awarding 3-9 doctorates annually 355
Awarding 10 or more doctorates annually 321
No report of institution of graduate study 2

Total 872

Native Country of Foreign

Students

AFRICA

Northern (incl, Egypt) 7
Ghana

South Africa 3
ASIA

China & Formosa 131
Southeastern Asia 10
Indian subcontinent 195
Japan & Korea 139
Indonesian Islands =
Hong Kong 6
Northern Asia 3
Arabian Peninsula 21
Levant, Iran, Iraq 30
Australia, New Zealand ]
EUROPE

British Isles 28
Benelux countries 13
Western Europe 42
Greece (incl, islands) 18
Eastern European countries 8
Scandinavian countries 11

lberian Peninsula

2

NORTH AMERICA

Canada 76
Caribbean Islands 1
Central America (incl. Mexico) 12

SOUTH AMERICA

Colombia, Ecuador, Peru
Venezuela

Brazil

Argentina, Uruguay, Paraguay
Chile, Bolivia

Pacific Islands

- e L DO to s

No report of native country 83

Total 872

COMMENTS

Although factual statistics about the number, prog-
ress, work situations, finances, marital status, and fac-
tors delaying graduate students were the primary goal
of these surveys, it was felt that unrestricted comments

PHYSICS TODAY
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Table 12. Reasons for Stopping (US Graduate Students of Physics)
To PhD Uncertain MS Only Total
Work completed for doctorate 776 5 781
Work completed for masters 26 171 117 314
Must fulfill military service obligation 26 29 4 50
Wish to improve financial situation 110 167 27 304
Prefer working to studying, at least for the present 28 117 46 101
Other 16 51 17 84
No report ” y
TOTAL 082 540 218 1740
Table 13. Utilization of Training (US Graduate Students of Physics)
Type of Employment To PhD Uncertain MS Only Total Percent
Will be working in physics 865 341 121 1327 76.3
Not in physics, but in related field 44 153 70 267 15.3
Will not be working in scientific field 15 18 10 43 2.5
No report 58 28 17 103 5.9
TOTAL 082 540 218 1740 100.0
Table 14. Type of Employer (US Graduate Students of Physics)
To Uncer- MS
PhD Percent tain Percent Only  Percent Total Percent
Industrial 233 28.1 250 51.7 92 49.2 575 38.3
Self-employed 1 0.1 6 1.8 2 1.0 9 0.6
Teaching, col. or univ. 281 33.9 55 11.3 23 12.3 350 23.9
Teaching, secondary sch. 10 1.2 36 7.4 19 10.2 65 4.3
Nonprofit research 180 22.8 41 8.5 20 10.7 250 16.7
(incl. academic)
Military service 46 5.5 44 9.1 9 4.8 99 6.6
Government 70 8.4 52 10.8 22 11.8 144 9.6
Uncertain 82 - 38 16 136
No report 70 - 18 15 ~ 103
TOTAL STOPPING 082 540 218 1740
TOTAL REPORTING T OF E 830 100.0 484 100.0 187 100.0 1501 100.0
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LASER
DEVELOPMENT
ENGINEERING

Raytheon's DBedford Advanced Develop-
ment Lab (suburban Boston) has Openingg
offering opportunity for unlimited profes
stonal development, Positions are inime-
diately available for senior engineers for
research  awd  development an areas of
oplical awd infrared masers as applicable
i missile and spoece systems. May direet
a small group of engineers currently on-
gaged in a gas and solid-state lascr pro-

aram,

Applicants  should have G&-6 years' ex-
perience an o advaneed  development  engi-
teering in arcas of physical oplics, micro-
wave spectroscopy, or microwave solid-state
deviees. M.S. required. PLD. in physics
desired with a background in quantum
mechanics, microwave spectroscopy and

solid-state theory.

Intervested ecandidates are invited to for-
ward their resumes to Mr. Marvin Miller,
Missile & Space Division, Raytheon Com-
pany, Bedford, Massachuselts. Or you may
phone collecet to Mr, Miller at CE 4-7100

ext, 2138,

MISSILE & SPACE DIVISION

BEDFORD, MASSACHUSETTS

In Equal Opportunity Employer

R

should also be solicited to detect circumstances not
generally realized and to help discover whal changes
could vsefully be made in subsequent questionnaires,
Accordingly, the 1050-60 questionnaire included the re-
quest: “Please write on the reverse side of this sheet
any comments you wish to make on your graduate
training as a preparation for your career.” In 1960-61
this was shortened to: “Please write in any suggestions
vou may have on graduate education in physics.” The
460 usable comments included in the 4896 question-
naires returned in 193960 and the 1273 out of 7907
guestionnaires returned in 1960-61 did indeed supply
viluahle information, which is reviewed below, and the
comments of the hrst survey did lead to changes and
additions in the second year's questionnaire,

It should be noted that the percentage of all respond-
ents commenting is not large; roughly 39 in 1959-60
and 167 in 1960-61, the increase the second year being
perhaps attributable to a new paragraph in the cover-
ing letter explaining more fully the aims of the survey,
Some may say that not too much weight should be
given Lo responses in this number and that perhaps the
most remarkable thing about the comments was that
there were comparatively few of them. The authors of
this report who have analyzed the comments would
agree that some are to be discounted in that they are
contradictory, one with another, or they are minor
gripes which the best of circumstances could not alto-
gether eliminate.

On the other hand, some types of comment are suffi-
ciently numerous, sincere, and well-expressed as to be
impressive. They should be reported as being worthy
of consideration. A method of categorizing these was
worked out by one of us (L.O.0.) on the basis of the
1039-60 comments. This has now also been used for
the more numerous comments of 1960-61. The follow-
ing are the results numerically and as percentages of all
comments.

1. Comments referring to inadeguate undergraduate
preparation:

These totaled 20 (49, of all comments) in 1959-60
and 1358 (129 ) in 1960-61. Of the latter, 53 mentioned
inadequate preparation in mathematics, only 21 in phys-
ics, 2 in chemistry, and 2 in languages.

2. Critical comments about the graduate-level ctir-
riculum :

This tyvpe of comment was very frequent, totaling 99
(239 of all comments) in 1059-60 and 374 (29%) in
1960-61. In both years nearly half of these comments
criticized the course offerings of their institutions 1
some way. Some thought courses were too specializfd.
others too theoretical. Some wanted more mathematics.
At least one wanted all formal courses eliminat_ed!
Some wanted fewer courses and an early start in “re-
search practice”. Even more criticized examination and
grading procedures or called for standardization of re-
quirements for Master's and Daoctor’s degrees and ffeer
transfer of credits between institutions. About a sixth

PHYSICS TODAY
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There is a growing demand by the researcher for
programmable nuclear counting systems, with out-
puts suitable for automatic handling of data. To
serve these demands, Hamner added specialists to
their engineering staff and developed a line of
instruments suitable for filling this need.

Requirements for systems of this type are individual
in nature, and each system is custom-engineered, to
some extent. Through the use of highly versatile
"Building Block" instruments, some of which are
described below, costs for this type of system are
kept to an absolute minimum.

Input—Signals from any type nuclear detector(s)

Output
e Electric Typewriter ® Relay closure or
 Parallel Entry Printer ~ ©l€ctronic gate for
actuation of auxiliary
s Punched Tape equipment
® Punched Cards e Combinations of above

The $-4000 System is an example of the “Building
Block™ philosophy previously mentioned. This Sys-
tem consists of a high speed printing scaler, a crys-
tal control printing timer and a high speed digital
printer, Standard modes of operation include preset
time, with 15 selectable preset times, preset count
with a choice of 15 settings, or combined preset

) Inquire about
solid state versions of these items.

Your Hamner representative is anxious to work

with you in translating system requirements
into instr P

Al ner—sales
‘will then offer proposals outlinini
methods of doing the job. %
- &

w

i

*
- ‘

time-preset count with any combination of these
two settings. Either counts or time or both may be
printed out at the rate of 5 lines per second.
Similar systems may be built up with typewriter,
punched card or punched tape output and may
involve many scaling and timing units, programmed
as required.

This unit is designed to couple conventional electronic scalers or timers to a
tape punch, typewriter or other serial entry type equipment. It accepts any
binary coded decimal input (4 line) in parallel, converts this to serial form,
translates to any other binary coded decimal form (4 line code), and also
presents decimal code at the same time. It contains output circuitry suitable
for actuating punch solenoids in any standard paper tape or card punch. A
three position selector switch permits tape punch and typewriter to be operated
simultaneously or separately. Units with 25 or 50 information point capacity
are available. Hamner also has available an N-950 Parallel Binary/Decimal
Register for use with 4 line coded equipment and a similar unit, the N-970, for
use with Staircase coded equipment.

_.Cn‘

HAMNER ELECTRONICS CO, INC.
Dept. P-6, P. O. Box 531, Princeton, New Jersey, PEnnington 7-1320



WAVELENGTH REJECTION

FROM X-BAND TO X-RAY

INTERFERENCE
FILTER SETS

W

Optics Technology offers filter sets covering the range of
400 millimicrons to 1.75 microns to meet your require-
ments in spectral analysis. These MONOPASS interfer-
ence filter designs reject from X-band to X-ray! The pos-
sibility of spurious results is eliminated as only the de-
sired wavelength is passed. Calibration curves for each
filter pinpoint accuracy. The curves for each set are lam-
inated in plastic and bound in a rugged volume.

Visible Spectrum Set 10A* includes ten MONOPASS fil-
ters to isolate principal lines as K, Ca, Hg, etc., from 706
millimicrons to 404 millimicrons, important in flame
chemical analysis. Four neutral density filters and a
linear spectral "wedge" filter are included. Price, $325.00.

Visible Spectrum Set 12A* includes ten MONOPASS fil-
ters uniformly spaced from 400 millimicrons to 700 milli-
microns, as well as four neutral density filters and a
linear spectral “wedge” filter. Price, $325.00.

Infrared Set 15A includes ten MONOPASS filters spaced
at every 0.1 micron between 0.8 micron and 1.75 microns.
Price, $450.00.

Infrared Set 20A includes ten interference filters on 1"
diameter substrates spaced at every 0.1 micron between
1.75 microns and 2.75 microns. These filters are blocked
out to 3.2 microns on the long end and to X-ray on the
short end. Price, $450.00.

*Distributed through Central Sclentific Company

OPTICS
TECHNOLOGY,
INC

248 Harbor Boulevard « Belmont, California

LYtell 1-0358 (Area Code 415).

of these comments bemoaned language requirements
supposing—probably erroneously—that translation jour-

nals will always be available,

[ 3. Critical comments about graduate-level teaching and

counseling

The number of these comments is the most disturh-
ing result of the analysis. There were 143 (31% of all
comments) in 1959-60 and 270 (21%) in 1960-61, Ad-
mitting again thal these are small numbers in terms of
all questionnaires returned (2,99 and 3.5% respec-
tively ), it is worth repeating that the numbers are not
negligible especially in the light of the reasonable and
convincing nature of many of the comments, Few com-
ments question the competence or ability of faculty
members engaged in the instruction and supervision of
graduate students, but most of the comments in this
group cited defects of attitude or preoccupation with
other activities such as research. Direct charges of lack
of interest in the graduate students, perfunctory lec-
tures, and inadequate thesis supervision are among
these in considerable number, Many respondents re-
gretted what I'I]a'_\' called j]’l;llll_‘l'iU:il'_" cuunseling with
regard to courses or thesis or even the whole process
of graduate training. More and better counseling, they
felt, would have saved time and avoided frustration,

Since one object of these surveys is to pinpoint and
help to eliminate causes of delay and frustration in the
training of physicists, these comments are reported and
urged for consideration. It is always to be hoped that
can the betterment of the
graduate training process by overcoming such severe
difficulties as overwork of senior faculty members, the
pressures of contract research and restricted physics de-
partment budgets. In view of the undeniable prevalence
of these handicaps, it is perhaps encouraging that there
are no more complaints of this nature. Financial cir-
cumstances still cause graduate students more delay
than shortcomings in faculty attention.

Progress he made toward

4. Critical comments about financial support:

In both years the face of the questionnaires asked
for a check mark if delay was caused by inadequate
finances, Thirty percent of all respondents in 1959-60
and 279 in 1960-61 so indicated. This subject was en-
larged upon by volunteered comments to the number
of 121 (26% of all comments) in 1959-60 and 264
(219) in 1960-61, This is equivalent to 2.5% and
3.5¢ of all who returned questionnaires. It is to be
noted that in this respect, and doubtless in others,
many more graduate students reported that they ex-
perienced a difficulty than the number who went to the
trouble of volunteering comments about it. In the mat-
ter of finances there were at least seven times as many.

A large number of these comments were general in

| nature and to the effect that the absolute level of sup-

port was inadequate to supply them (and their fami-
lies) with a minimum standard of living. A fC“'_-‘fI“"
cifically urged reduction of the income tax bite either

| through changes in the tax regulations or In the book-

PHYSICS TODAY

r



55

Scientist adjusting Kerr Cell System for Ballistics
Range Flow Field Visualization Studies.

R&D...af AVCO

The Engineering-Physics Section of the Physics Research Department

is engaged in basic and applied research associated with the detection
and vulnerability of space vehicles as well as advanced space

research instrumentation. Applications of both theoretical and laboratory
studies are made to advanced space vehicles.

Engineering-Physics Section Research includes:

Measurement of Electrical Properties Advanced Space Vehicle

of Wakes Research Instrumentation
Interaction between Microwave Energy Flight Test Measurements

and lonized Wakes Millimicrosecond Electronic and
Spectrographic Studies of Optical Radia- Photographic Techniques

tions from Space Bodies and Wakes Laser Applications

Impurity Effects on Electrical and Exploding Foil Studies

Optical Wake Properties and Applications

Ballistics Range Studies of Hypervelocity Microparticle Studies
Flow Field Phenomena

The Division's modern laboratory is located ten miles north of Cambridge,
Massachusetts. The policy of the Division is to encourage research and
publication. Liberal benefits are offered including an educational assistance
program for advanced study.

Send resume to
J. E. Bergin, yco
Employment Supervisor, A Division of Avco Corporation

Dept. J.H. | Aesearch & Advanced Develpmenr | 201 Lowell St., Wilmington, Mass.

All qualified applicants will be considered |
Dne of a series, regardless of race, creed, color or natienal origin.

JUNE 1962

b



. oy
jORLD wmr

¢ HEADQUARTERS FOR...

LASERS

Semi-Elements Announces
FULL SCALE PRODUCTION of

Calcium Tungstate
Glass Lasers
Plastic Lasers
Liquid Lasers

doped with rore earths and transition
elements . ., . available from stock
Special Requirements aond sizes

quoted on request

STOCK LASERS
2 Bal::2f Csz, SrFQ, Ti02,
MgO, RanF2, CaW'C)L‘f A|2O3,
|(Mni:2r SrWO4, SrMoO4,
Srl:2 . CaFQ, SrF2 . Ban,

Srl::2 . Br;\l:'2 . Can,

CaF

WATCH FOR

CESIUM MOLYBDATE CESIUM TUNGSTATE
BARIUM MOLYBDATE ZINC TUNGSTATE
LEAD MOLYBDATE

ASK ABOUT OUR

Single Crystal Kits

[ SINGLE CRYSTAL DIVISION
emi- Elements, Inc

SAXONBURG BLVD. - SAXONBURG, PA, - U.S.A.

Dial 412-352-1548

B |

keeping practices of their institutions. (For example,
some nstitutions require payment ol lees out of sti-
pends, which are taxable, instead of remitting fees and
providing a lower stipend.) About an equal number
asked for more, and more adequate, loan programs.
Very few decried their hnancial need to work as as-
sistants in teaching or research. The delay so intro-
duced in completion of graduate study averages no
muore than a year and this is parl |._\' offset h}' the value
of added experience and training. Without the large
support of graduate students by fellowships and con-
tract ri'-r';trlh .'l-«j-r;1||l.':|'u[r~ -U|.I|HJ1'[l‘(.] ]l_\' I'und- fmrn
government agencies and other sources outside of the
institutions, the financial circumstances of most gradu-
ate students would be dire,

5 Miscellaneous comments:

a. In 1939-60 there were 40 comments, some bitter,
about delays caused by military obligations, In 1960~
61 the number was 63, a somewhat smaller percent-
age of all respondents. As indicated in Table 6, there
were 0353 reported delays for military service.

b. Many respondents commented in various ways on
the length of time required to attain the doctorate.
The length of thesis work was most frequently de-
cried, sometimes with a plea that it be started ear-
lier in course. A growing number of graduate stu-
dents, who are practically fully employed in industry
and other research establishments, called for greater
availability of graduate courses at convenient times
and places—together with more free time made
available by employers. Particularly in the second
year of the survey a number urged the creation of
a doctorate level degree for those who intend to
teach and feel that the time devoted to specific re-
search training might be reduced without detriment
to their goal.

c. Some comments called for cheaper books, perhaps
paper backs.

d. A number so few as to be negligible criticized the
physical facilities available for graduate work.

ACKNOWLEDGMENT

The authors wish to make it clear that in the de-
tailed planning, mailing, recording and analysis opera-
tions of this survey, the major part of the work was
done within the AIP Department of Education and
Manpower by Mrs. Sylvia Barisch, Mrs. .\Iurgﬁl‘Bres-
law. and Miss Ruth Bryans. Without the experienced
and efficient contribution of these members of the A'I_P
staff this report would never have appeared. Dr. “.'11‘
liam C, Kelly's suggestions during its final preparation
have been most helpful,

We wish to thank Dr. Lindsey R. Harmon :
National Research Council for supplying additionﬂ_l 30
formation about graduate students who were i:.btaml.ng'
their doctorates in physics in 1961 so that this survey

could be proportionately representative.

of the

PHYSICS TODAY

.



