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R. D . SARD
University of Illinois at Urbana-Champaign

Urbana, Illinois

my view most of the debate and
imost of the profusion of erroneous
statements on this subject arise from a
failure to ask the proper questions.
Except for a few competitors of great-
ly similar character the theory of gen-
eral relativity is presently accepted as
fthe proper description of space-time
and its interaction with matter (for
problems in which quantum effects
may be ignored). Thus the theoretical
[prediction for the result of round-trip
[clock experiments should be done with
[general relativity as Sachs asserts.
[The questions that should be asked
[are then: What is the correct result,
[and is it the same as predicted by a
Inaive application of special relativity?
Jin contrast, much of the debate seems
[to concern itself with the question of
whether special relativity is or is not a
[logically complete theory for dealing
with such problems.

As several of the letters in reply to
[Sachs assert, experimental evidence

ems to provide the answer to the first
iuestion; that is, for experiments car-

pied out in small regions, naive special
elativity gives the answer. The sec-

question is where erroneous an-
srs abound. The fundamental idea
relativity theory is that physical

have the same mathematical ex-
Jssion for all observers regardless of
eir position or state of motion. Spe-

relativity consists of those results
[obtainable from restricting that princi-
ple to observers moving uniformly with
respect to each other. (That is, they
have to be "far away" from large mass-
ps or only compare measurements over
Nail intervals of space and time!)
Thus, in this view the answer to the
second question is an emphatic no.
statements that the felt acceleration
of the "travelling" twin creates an as-
symetry that resolves the "paradox"
l(Korenman) or that acceleration is an
(absolute (Terrell) appear as ad hoc ad-
Wions to the special theory, which can

Fly derive their justification from a
•larger theory describing effects due to
[acceleration in terms of motion with
FPect to matter. General relativity
Relieved to be that theory.

In his article Sachs presents a for-
mulation of space-time theory that is
supposed to remove an ambiguity in
general-relativistic computations of
proper time intervals, namely the sign
of the square root of a quadratic form.
The requirements for such a formula-
tion are that the interval computed be
always equal to that computed accord-
ing to the original method and that it
always successfully remove the ambi-
guity. Sachs's formulation, as several
of the letters pointed out (Richard
Price and Vern Sandberg, John Fletch-
er), falls on the first count and is thus
a theory different from general relativi-
ty. Meeting the second criterion is not
really so helpful, since the supposed
ambiguity is easily resolved. In princi-
ple one may refer, say, to measure-
ments of the Hubble parameter at the
beginning and end of an interval to
determine whether the appropriate
sign of ds be positive or negative for
the interval.

In the present view then the question
may be stated as follows: The com-
parison of ages between a "stationary"
and a "travelling" twin is made by
comparing

Sds = Jigijd

computed for each in a coordinate sys-
tem obtained by solving the general-
relativity equations. Provided the
"travelling" twin doesn't travel very
far (as in laboratory experiments), or
on long trips he remains "away from
large masses" (black holes for exam-
ple) and is accelerated by mechanical
rather than gravitational forces, the
answer will be essentially the same as
given by special relativity. To demon-
strate the nonexistence of a paradox,
an adequate general-relativistic de-
scription of an accelerated coordinate
system is required; to my knowledge
this does not exist yet.

JOHN ROBERT BURKE
California State College

Hayward, Calif.

Metric time?
At present most of the countries of the
world are either metric or going metric,
including traditionally minded
countries like Great Britain. The ad-
vantages of the metric system are ob-
vious, and so there is no reason why
one should not extend this system to
include the measurement of time. We
cannot change the number of days in
a year since Nature does not permit
this, but it should be possible to divide
one full day into twenty hours so that
night and day will consist of ten hours
each. This would be more convenient
than dividing a full day into ten hours,
because this would make an hour much
longer as compared with the present

Wide Band, Precision

CURRENT
MONITOR

With a Pearson current monitor and an
oscilloscope, you can measure pulse or
ac currents from milliamperes to kilo-
amperes, in any conductor or beam of
charged particles, at any voltage level up
to a million volts, at frequencies up to
35 MHz or down to 1 Hz.

The monitor is physically isolated from
the circuit. It is a current transformer
capable of highly precise measurement
of pulse amplitude and waveshape. The
one shown above, for example, offers
pulse-amplitude accuracy of + 1 % , —0%
(typical of all Pearson current monitors),
10 nanosecond rise time, and droop of
only 0.5% per millisecond. Three db
bandwidth is 1 Hz to 35 MHz.

Whether you wish to measure current
in a conductor, a klystron, or a particle
accelerator, it's likely that one of our
off-the-shelf models (ranging from y2"
to 10%" ID) will do the job. Contact us
and we will send you engineering data.

PEARSON ELECTRONICS INC
4007 Transport St., Palo Alto, California 94303

Telephone (415) 326-7285

Circle No. 12 on Reader Service Card
PHYSICS TODAY/JUNE 1972 13



You've got to buy a CAMAC
crate controller anyway.

cc tot
CRATE CONTROLS

ADR

CRATE

SELECT

OFF

CRATE
NUMBER

Here's why you
should buy it
from EG&G.

If you want one of the new Type A-1 CAMAC crate
controllers, you don't have to order it from Eu-
rope anymore.

Our CC101 crate controller is in production
right now in Oak Ridge. It is the only U.S.-manu-
factured crate controller designed to conform to the
most recent Type A-1 specifications of EUR-4600.

True, you can get by with one of the older Type
A controllers other U.S. manufacturers are selling.
But it won't have an X (function accepted bus)
line or LED indicators to monitor the constantly
changing branch demand L (look-at-me) status,

crate select, and crate
controller addressed.

And it won't save you
any money.

Neither will ordering
one from Europe.

So as long as you have
to purchase a crate con-

' troller or two, it makes
dollars and sense to get
our CC101.

Have us send you a
data sheet.

NIM.. . CAMAC... EG&G
Three names to keep together in your mind

Crates, power supplies, branch drivers,
CAMAC modules, NIM modules, NIM-
CAMAC hardware. ..all these products
are thoroughly described in technical
data sheets available from your local
representative or our headquarters in
Oak Ridge. Let us respond to your in-
terest in any phase of computer-based

n
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CAMAC systems. EG&G Inc., Nuclear
Instrumentation Division, 500 Midland
Road, Oak Ridge, Tenn. 37830. Phone:
(615) 482-4411. In Europe: Ortec Ltd.,
Dallow Road, Luton, Bedfordshire. Phone:
LUton 27557. Ortec GmbH, 8 Munchen
13, Frankfurter Ring 81, West Germany.
Phone: (0811) 359-1001.
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letters

system. An hour can further be divid-
|ed into one hundred minutes. The
new minute will be 0.72 times shorter
;han the present unit. This ratio is
easonable, as it is comparable to that
jetween a kilometer and a mile.

N. R. KUNCHUR
University of Tabriz

Tabriz, Iran

Grammatical error
!It has shocked me to find in the Feb-
ruary issue (page 33) the following sen-
tence: "He who neglects the connection
between paper recycling and private
investments in the Southern pine forests
is spiritual brother to he who neglects
the plasma potential in his ion source."

The message is good, but the gram-
matical error is inexcusable.

LINUS PAULING
Stanford University

Stanford, Calif.

Permanent part-time
I propose that university and college
physics departments help to solve the
problem of the overabundance of physi-
cists with advanced degrees by provid-
ing for part-time, permanent faculty

iitions. These part-time positions
d be completely equivalent to the
art full-time positions in responsi-

bilities and privileges. Course loads,
learch responsibilities, committee as-

signments, and so on, would be scaled
down in accordance with salary. The
professional regard and prestige asso-
ciated with such positions should be
the same as for full-time positions.

I have two reasons for suggesting such
scheme. First, it would result in more

jobs for physicists. If two faculty mem-
bers in a department switched to two-
thirds-time positions, they would be
creating a new two-thirds-time position.
If, in each large physics department (15
or more full-time faculty members) in
the nation, two faculty members out of
every 15 or 20 switched to two-thirds-
time positions, more than 225 new posi-
tions would be created. Additional
Positions could be created in some
smaller departments in this manner.

My second reason concerns the lack of
flexibility in our system. A physics
faculty member usually has the choice

a full-time position or no position.
• should have more alternatives; there
e many reasons why a faculty member

m'gnt want to hold a part-time position,
and our system should be flexible
^ough to allow for individual choice in
this matter.h .

I What kinds of physics faculty mem-

a part-time permanent position? A
consultant—he needs the faculty posi-
tion, but he might not need or want it
full time. Someone who is nearing re-
tirement and wants to ease into it grad-
ually. The person whose health is en-
dangered by the pressures of his job—a
lightened work load could prevent a
heart attack or ulcers. The parent of
small children, who would like to take a
more active part in rearing them. The
person who is devoted to research and
doesn't need the money from teaching
but still would like to teach a little.
The physicist who, for a reason either
personal or professional, wishes to de-
vote a great amount of time over a pe-
riod of years to study in a discipline out-
side his field of specialization or outside
of physics entirely. Surely there are
other categories also.

What about economic considerations?
Certainly many physics faculty have to
earn a full-time salary to live comfort-
ably. But others could support their
families comfortably on, say a two-
thirds-time or three-fourths-time salary.
Still others have wives who contribute to
the family income. Many more have
wives who could work and would work if
appropriate jobs were available, and if
they and/or their husbands were per-
suaded that it is socially acceptable and
morally right for husband and wife to
share in the breadwinning responsibili-
ty. (In this regard, permanent part-
time jobs should be promoted through-
out the educational system and in as
many other walks of life as possible.)
Finally, perhaps many of us should
lower our standard of living purposely,
to reduce our contribution to the pol-
lution of our environment.

What would be the benefits to the
physics profession? New blood would
be brought into departments to enliven
them and prevent their stagnation. The
quality of teaching wquld improve, as a
result of the additional time available
for reflection and personal and profes-
sional development. Speculative, crea-
tive research, often neglected because of
the pressure to engage in research for
which grants can be, obtained and pub-
lications produced, could flourish under
these more relaxed conditions. For a
researcher could satisfy the lessened
demands of his profession for grants
and publications, and have spare time
to speculate to his heart's content.

Innovations are needed quickly if we
are to ease the current crisis in which
highly trained people in many academic
fields find themselves unable to secure
rewarding jobs. I suggest that our own
discipline set an example to others. I
urge that every college and university
physics department give immediate and
serious consideration to methods for al-
leviating the academic unemployment
crisis, and I suggest that one of the

continued on page 76
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Q. What do they

have in
common?

A. The Ithaco 353
lock-in
amplifier.

ONLY THE 353 PROVIDES:

• Automatic phasing.
Measure signals with chang-
ing phase, without touching
the phase controls. Vector
amplitude and phase outputs.

• Log, ratio or log-ratio.
Make absorbance and dual
beam ratio measurements
simply and economically.

• In-phase and quadrature.
Simultaneously measure two
quadrature signals—or their
ratio.

• Signal and derivative.
Is the 2nd harmonic of your
output signal a derivative?
The 353 measures both simul-
taneously—or their ratio.

• Modulated carrier signals.
Measure carrier amplitude
with linear or log response-
and simultaneously measure
the modulation signal ordepth
of modulation.

Arrange for a demonstration of
Ithaco's versatile 353 lock-in.
Write or call
Don Munroe, Ithaco, Inc.,
735 W. Clinton Street, Ithaca,
New York 14850. 607-272-7640
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