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Such a view of applied research is not
necessarily accurate—even when it
concerns problems outlined by Crewe.

i The terms "applied* and "basic" ap-
pear to have become associated with
"directed" and "undirected." The dis-
tinction lies in whether specific goals
are to be attained within a definite
time interval. In the extreme, di-
rected research may have dictated in
advance the tactical approach to a
problem and the kind of results de-
sired. Conversely, undirected re-
search in the extreme may be totally
devoid of long-range planning. Most
research falls between these two ex-
tremes. This fact blunts the distinc-
tion between applied and basic re-
search. The question, then, is how
much applied research should be pur-
sued. For example: Is applied re-
search appropriate to either a master's
thesis or a doctor's dissertation?

Applied research is not the easiest
kind of research. Usually research

'.. must be completed within a specified
time interval; consequently the plan of
attack must be carefully considered.
Applied problems involve usually
more than one area and often more
than one discipline. The results of
such investigations and their signifi-
cance must be communicated accu-
rately and clearly to persons unknowl-
edgeable in the scientific and techni-
cal aspects of the problem. To be ad-
equate to these demands the re-
searcher must have intuitive foresight,
breadth of outlook and depth of un-
derstanding. These attributes are the
basis on which the skill of precise
thinking can be developed. They are
the same attributes we hope to see in
our graduate students. From these
considerations, applied research may
furnish appropriate problems for grad-
uate research in, for example,
physics-or any of the natural sciences.

R. Hobart Ellis Jr's editorial in the
same issue suggested very realistic
economic motives for pursuing applied
research. There are equally realistic
educative motives for the judicious ac-
ceptance of applied research as appro-
priate to graduate programs in the
natural sciences.

SCHWAB S. MAJOR JR

University of Missouri at Kansas City

Cutting NBS budget

The cut, by Congress, of the budget
of the National Bureau of Standards
(PHYSICS TODAY, August, page 51) ac-
centuates the peril that has threatened
this valuable institution for quite some
time. Whether the present stress on
mission orientation is justified or not,
it appears reckless to sacrifice to it a
service of such importance to the sci-
entific community for a gain of just
$7.8 million (!).

Your story attributes this continuous
misery to the lack of skill of NBS ex-
perts in expressing themselves to con-
gressional committees. It appears to
me that both Congress and the NBS
dispose of plenty of witnesses, expert
in science as well as communication,
who could testify for the quality of
men and topics sacrificed by this ruth-
less and petty decision.

NORBERT J. KREIDL

University of Missouri at Rolla

Baccalaureate Origins of
PhD's in Physics

The "State and Society" section of the
August PHYSICS TODAY published a re-
port, "NAS Data Give Baccalaureate
Origins of PhD's in Physics," stating
that of all US students who earned
PhD's in physics during 1958-66, 70%
received their bachelor's degree from
PhD-granting institutions, 19% from
MS-granting institutions and 11% from
four-year institutions. This report
cites earlier data from M. Hugh Tryt-
ten, National Academy of Sciences,
which indicate that in 1936-45 four-
year colleges had been the origin of
35% of the 1160 physics PhD's. It
continues with a discussion of "causes
of decline," and concludes that four-
year colleges now produce only about
11% of future physics doctorates.

Is there a decline in physics PhD's
with baccalaureates from four-year or
undergraduate colleges? Intelligent
answers to questions related to the
role and importance of various types
of educational institutions require more
than a superficial treatment. Analysis
is not as simple as the PHYSICS TODAY

report assumes. Several points should
be considered: (1) It is not possible
in principle to determine the present
importance of various types of educa-
tional institutions, as baccalaureate
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sources of future PhD's in any field,
from baccalaureate-source information
on doctorates previously awarded; (2)
baccalaureate-source data on doctor-
ates awarded can reveal only what has
happened at some time in the past and
will always be at least as many years
out of date as the time from baccalau-
reate to doctorate. Past trends could
be projected into the future to estimate
the percentage of physics doctorates n
years from now who earned baccalau-
reates in various type of educational
institutions in a current year. How-
ever even this approach would be
quite speculative because of the al-
most violent state of flux of the higher

[I educational system in the US in recent
years (certainly including the 1958-66
period of the NAS study). Because of
this dynamic educational situation, a
classification of academic institutions
in one year generally will not reflect
the status of these same institutions
several years later. Furthermore new
educational institutions may be omit-
ted entirely when using this method.

The PHYSICS TODAY report was based
on characteristics current in 1960; that
is, all institutions with one or more
doctoral programs in any field are in-
cluded as PhD-granting schools. Mas-
ter's-granting schools include all those

, institutions, not in the PhD-granting
\| group, with one or more master's pro-
H grams in any field. All other bac-
J calaureate-granting institutions, not in-
' eluded in either the PhD-granting or

the MS-granting groups, were classi-
fied four-year colleges. This institu-
tional classification scheme is extremely

£ heterogeneous within each of the
three groups. Both the PhD's and
masters groups include institutions
with generally little or no graduate

0 work in science or more specifically, in
physics. Therefore this type of classi-

toj fication may not be relevant for a

study of baccalaureate sources of phys-
ics doctorates. Assuming an average
of six years from baccalaureate to doc-
torate, doctorates awarded in 1958-66
would have received baccalaureates in
1952-60. Thus selection of 1960 as
the base year for classification of bac-
calaureate institutions of the 1958-66
doctorates in physics is inappropriate.
In fact, the baccalaureate institutions
were changing so rapidly in 1952-60
that use of any one year for classifica-
tion of academic institutions may seri-
ously distort the analysis.

An alternative method providing a
better insight into the problem is based
on the following analysis of NAS data:

• Most physics PhD's have an un-
dergraduate physics degree (ac-
cording to the 1958-66 NAS statis-
tics, three-fourths had earned bach-
elor's in physics). For studying un-
dergraduate sources, classification of
institutions could most reasonably
be based on the type of physics pro-
gram available at each institution.

• Because of the flux in academic
institutions with time, any classifi-
cation system should not be used
more than one or two years.

• The base time actually selected
for classification of institutions
should reflect the characteristics of

s those institutions, as closely as pos-
sible, relevant to the study.
Using these principles I have ex-

amined the baccalaureate sources.
Baccalaureate institutions were classi-
fied according to the type of phys-
ics program available. Doctorates
awarded during 1965-66 (the most re-
cent data available from NAS studies)
were studied and baccalaureate insti-
tutions were characterized from the
Directory of Academic Physicists,
1959-1960. This provides a base time
approximating that when the bacca-
laureates were awarded (analysis was
restricted to US citizens). The results
in table 1 show that about one quarter

Table 1. Baccalaureate Origins of Physics PhD's, 1965-66

Origin, 7959-60
Doctoral physics institutions
Master's physics institutions
Physics major program
All others

Number of PhD's*
1113

190
402

55

Fraction (%)
63.2
10.8
22.9

3.1

* 34 US citizens awarded PhD's where baccalaureate origins are unknown or are from
defunct schools are omitted.

ULTRA HIGH PURITY
CHEMICALS AND

SINGLE CRYSTALS

ULTRA HIGH PURITY
CHEMICALS
Semi-Elements' vacuum deposi-
tion chemicals are of uniform
particle size, high in density, of
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Please don't call EMR's 6130 Computer

If you think the ADVANCE 6130
computer from EMR is just another
"little" computer, take a closer look.
You could be fooled by the price-
low enough to compete with any
small machine —or by the 16-bit
word length, characteristic of small-
scale systems. But that's where the
comparison ends.

Analyze the 6130 and you'll realize
it'sthe most productive system avail-
able. The instruction repertoire and
internal architecture put it in a class
by itself.

SMALL SCALE
To the potential buyer of a small-
scale computer, there are a number
of capable machines which are
available to "do the job." However,
aren't you looking for a system that
can "do the job —plus"? The plus
being able to expand to accommo-
date your next requirement. Many
of the small-scale computers (under
$35,000) that are being sold cannot
provide the user with any realistic
approach to expansion.

The 61 30 is in a different class, it is
designed for expansion. With the
61 30 you can add a second proces-
sor easily, with no operational soft-
ware problems. This additional pro-
cessing power is relatively inex-
pensive when compared to installing
larger systems.

This built-in capability for growth
insures that you won't be looking for
another new system next year and
have to face the re-programming
problem.

HIGH PRODUCTIVITY
Next, how about the buyer who has
a problem that actually requires a
large-scale machine, but does not

have the funds? The 6130 has a
capability that stretches into this
high-productivity market.
Historically in the computer field,
the user's main problem is to justify
a large financial investment to his
management. Once the computer is
installed, and the user can demon-
strate to management what can be
accomplished, he can build a good
argument for expansion. The expan-
sion is normally in the way of adding
more peripheral equipment and ad-
ditional core memory. This is further
indicative that, with the large-scale
approach, the user has started out
with more "computer-power" than
needed —and is paying for features
that he cannot use or can do with-
out. As the load increases, a point is
reached where he has all of the op-
tions that use the software to the
limit, but by that time, he runs out
of "computer-power."

In the case of the ADVANCE 61 30,
the high-productivity user may run
out of computer-power sooner but
would be in a position to add an-
other 6130 processor to immedi-
ately increase his computer power
at a small financial addition. One
6130 can handle background pro-
cessing while the second handles
preprocessing and input/output. If
this would not be an acceptable
approach, a more powerful proces-
sor could be added and the 6130
retained as a satellite.

The 6130 alone can successfully
offer this approach as competitive

small computers are just not power-
ful enough to handle the general
purpose requirements.

ADVANCE 6130 FEATURES
• 1 6-bit data word with parity check

and memory protect.
• 750 nanosecond memory cycle

time as standard.
• Exceptionally large repertoire of

more than 100 instructions.
• Three hardware index registers

with indirect address.
• Relocation register with double

indexing allowed is standard.

• 128 interrupt priority levels.
• Hardware multiply and divide a

standard feature.
• Up to 128 external interrupts.
• Single instruction interrupt with

both individual and group enable/
disable allowed.

• FORTRAN, real time FORTRAN
and macro assembler available.

• Interlaced multiplexed I/O chan-
nel allows up to 1 6 devices to be
connected to single channel.

If your application fits in either cate-
gory, we urge you to contact EMR
Computer Division immediately.The
address is: 8001 Bloomington Free-
way, Minneapolis, Minnesota 55420.
Or call our Manager of Marketing
collect, 612-888-9581.
We want to tell you about our not-
so-small 6130.

We invite you to take part in our 6130 demonstration, booths 304-305 at the American
Physics Show, Palmer House, Chicago, January 29 - February 1.

COMPUTER DIVISION
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of recent physics PhD's received un-
dergraduate training at institutions
that, at the time of the undergraduate
work, did not have graduate physics
programs. Also many master's pro-
grams are at institutions that are pre-
dominantly undergraduate. Accord-
ingly, the statement, "based on NAS
data, four-year colleges will provide

the number has risen more in biologi-
cal-science doctorates. In contrast,
leading baccalaureate sources of doc-
torates have grown more rapidly in un-
dergraduate enrollments than as bac-
calaureate sources of doctorates in sci-
ence. Their contribution to physical-
science doctorates in contrast with bio-
logical sciences has increased a good
deal more. Technical institutions are
more similar to undergraduate colleges,

Table 2. Increases in Science-Doctorate Origins and Enrollments (%

Increase as source of science PhD's*

Type of institution

Great Lakes College Association11

1 Associated Colleges of the Midwestb

Central States College Association0

Three regional groupsd

Leading private liberal arts colleges6

Leading sources of PhDV
Leading technical institutionse

Physical
sciences

+47
+81
+22
+64
+59
+40
+98

Biological
sciences

+46
+107
+76
+125
+90
+ 12
+ 33

All
sciences

+47
+88
+ 56
+82
+68
+30
+93

Undergraduate
enrollment

increase
Fall 1951 to

Fall 1958

+22
+ 16
+41
+8
+ 11
+36
+20

* Baccalaureate sources of PhD's awarded in 1950—59 as opposed to those awarded in
1961-65. The latter were multiplied by two and the percent increase then calculated.

a Albion, Antioch, Denison, DePauw, Earlham, Hope, Kalamazoo, Kenyon, Oberlin,
Ohio-Wesleyan, Wabash, Wooster

bBeloit, Carleton, Coe, Cornell (Iowa), Grinnell, Knox, Lawrence, Monmouth, Ripon,
Olaf

0 Alma, Augustana, Carroll, Gustavus Adolphus, Illinois-Wesleyan, Luther, MacMurray,
Manchester, Millikin, Mundelein, St. John's (Minn.), Simpson

dAmherst, Mount Holyoke, Smith, Bryn Mawr, Haverford, Swarthmore, Pomona,
Occidental, Redlands, Whittier

e Oberlin, Dartmouth, Swarthmore, Amherst, Reed, Wooster, Vassar, Union, Wellesley,
Mount Holyoke

f California-Berkeley, CCNY, Illinois, Chicago, Wisconsin, Harvard, Minnesota, Michi-
gan, Columbia, Cornell

eMIT, CalTech, Carnegie, Rensselaer, Rice, Lehigh, IIT, Brooklyn Polytech, VPI, Case
Inst.

only 11% of future physics PhD's," is
highly speculative and will probably
not be borne out by future events.

Undergraduate enrollments have in-
creased at different rates in different
types of institutions. Undergraduate
enrollment increases should, therefore,
be compared with science-doctorate
contributions for various types of in-
stitutions. This has been done re-
cently by Albert B. Stewart (physics
department, Antioch College). The
results are in table 2.

These statistics do not give a com-
plete picture, and physics is not ex-
plicitly identified. However all under-
graduate colleges have increased their
number of science doctorates by a
greater percentage than their enroll-
ments have increased. In most cases

with much larger source increases than
enrollment increases. Their contribu-
tion to physical-science doctorates has
risen much more than that to biologi-
cal sciences. These statistics certainly
present a different and far more favor-
able picture of undergraduate institu-
tions as doctorate sources than that
indicated by the PHYSICS TODAY report.

ROBERT H. LINNELL
National Science Foundation

A CORRECTION: PHYSICS TODAY stated
my address incorrectly in September.
Since June 1966 I have been an asso-
ciate professor of astronomy at the
University of Arizona, Tucson and in
the Lunar and Planetary Laboratory.

ELIZABETH ROEMER

High Accuracy

PRESSURE/VACUUM
Measurements with

TENSIONED DIAPHRAGM
GAGE

A thin metal membrane is stretched mirror-
flat under tension "T", forming an ex-

tremely sensitive diaphragm. Differ-
ential pressure P1-P2 is measured

by variation of capacitance
to adjacent electrodes as

diaphragm deflects.

THE MKS BARATRON"
is a direct reading capacitance manometer
which measures true total pressures independ-
ent of gas nature or composition.
* HIGH ACCURACY — suitable for use as cali-
bration standard. Performance rivals or exceeds
McLeod gauge.
* RANGE — 1000 torr to as low as 1 x 10'5
torr, (10-7 to 20 psi). Observable precision is
10~5 torr (10"7 torr resolution* via DC output).
* VERSATILE — Remotely operable to 1000'.
Three-way readout, including high-accuracy, 5-
place digital dials. Recording and/or control
functions. Offset, expanded, and multiscale (8)
operation. Absolute or differential measure-
ments. Self-check'ing. zero-adjust feature.

THE NEW SERIES 90
MKS BARATRON repre-
sents a major advance
in vacuum measurement
capability. All-welded
metal and ceramic con-
struction (no organics)

permits bakeout to 450°C and continuous
operation at high temperature. Design empha-
sizes high physical and thermal stability. Ideal
for ultrahigh purity work including mass spec-
trometer inlets; gas analyses, metering, mixing,
and backfill; condensable vapor studies; absolu-
tion or decomposition phenomena; nucleonics;
vacuum metallurgy.
The complete line of MKS BARATRON instru-
ments includes, in addition to the SERIES 90:
* THE SERIES 77. Basic MKS BARATRON with
characteristics as described above, except used
for moderate temperatures. Hundreds in use on
every form of sophisticated research, develop-
ment, laboratory, test, & calibration apparatus.
* THE SERIES 100. Auto-nulling Digital Indi-
cator. Provides self-balancing readouts on 5-
place Nixie display, with sixth place overrange
and ± indication, plus parallel 18 bit BCD
output for computerized data logging and pro-
grammecj control applications. Essential where
the amount or rate of change of data cannot
be handled by manual means.
Illustrated technical brochures by return mail.

PRECISION PRESSURE-VACUUM MEASUREMENT
45 MIDDLESEX TURNPIKE, BURLINGTON, MASS.

617-272--9255 • MAIL TO P.O. BOX 215,
LEXINGTON 73, MASSACHUSETTS
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