
in small-science disciplines, graduate
students in high-energy physics plan
small experiments (as part of routine
data taking or of constructing, debug-
ging and testing apparatus), build the
necessary equipment and analyze the
data as part of their thesis work.
Frequently this is done in small
groups, comparable to those in other
branches of physics. In addition grad-
uate training offers students involved
in big science opportunities to learn
from professionals in other fields and
to develop the ability to work in large
groups, which can be highly beneficial
in their postgraduate careers.

Finally, I am puzzled by Kadanoff 's
views on basic-research funding. He
states, "I do not think that the na-
tion's or the government's budget for
research or R&D is too small," but
presents no supporting evidence. He
himself writes that "over the last
seven years, we have seen attrition in
support for small-group efforts."
During the same period the funding
level for construction of new facilities
in high-energy physics was about one-
third (when corrected for inflation) of
what it was around 1970. The frac-
tion of GNP that is devoted to basic
research in the US is smaller than in
Japan and many Western European
countries. Kadanoff refers to "bil-
lions for the Superconducting Super
Collider, but inadequate funds to even
run the neutron sources" mentioned
above. I, too, deplore the underutili-
zation of our scientific facilities for
lack of money. However, I should
point out that the $3.2 billion (in 1988
dollars) for construction of the SSC is
the result of an integration over ten
years and is, so far, strictly virtual:
Not a penny has been appropriated.
The associated R&D program receives
less than one-third of the amount of
funding that was projected as neces-
sary four years ago.

The worth of a scientific project
cannot be judged a priori on the basis
of its size. Rather, we should deter-
mine if it represents intellectually
and technically valuable research and
then press for the resources necessary
to carry it out.

STANLEY G. WOJCICKI
Stanford University

Palo Alto, California
and SSC Central Design Group

Universities Research Association
3/88 Berkeley, California

Nuclear Test Estimates
Yield Criticism
The article "Yields of US and Soviet
Nuclear Tests" by Jack F. Evefnden

Solar Corona

20 40 00 SO 100 120

Scientific Data Reduction & Analysis.
Publication Quality Graphics.
Image Processing.

software
integrates it all
• Compatible with VAX/VMS'" computer systems,

most graphic terminals and image display systems
• Lets you see your data at every step
• Allows immediate interactive compilation and

execution
• Vector and array operators for powerful interactive

capabilities

Quickly transform your raw data into results using
IDL's advanced features, including: Statistical
Analysis, Interpolation, Smoothing, Curve Fitting,
Data Editing, Modeling, Interactive Graphics, Image
Processing Display and Analysis.

To receive our informative IDL brochure call or write:

Voyager image courtesy of NASA and JPL
VAX VMS are Irademarfcs Of
Digilal Equipment Corp

RESEARCH SYSTEMS, INC.
2021 Albion St Denver CO 80207 (303) 399-1326

Circle number 80 on Reader Service Card

ECR
MICROWAVE PLASMA ION SOURCES

MICROWAVE (2.45 GHz)
• BEAM OR STREAM SOURCES
• WIDE ION ENERGY RANGE
• BROAD OPERATING PRESSURE

RANGE
• NO FILAMENT-IDEAL FOR

REACTIVE GASES
• HIGH IONIZATION EFFICIENCY
• COMPACT DESIGN, VERSATILE

MOUNTING CONFIGURATIONS
• VARIOUS APPLICATIONS

INCLUDING: DEPOSITION, ETCHING,
RIBE, IMPLANTATION

Source Schematic

aiMICROSCIENCE
We deliver innovation.
Headquarters: 41 Accord Park Drive, Norwell, MA (617) 871-0308
West: 2372 Qume Drive, San Jose. CA (408) 943-0111
Mid Atlantic: 1011 Brookside Road, Allentown, PA (215) 398-1501
South: 810 Office Park Circle, Lewisville, TX (214) 221-9483

20eV 0, Ion Stream

Circle number 81 on Reader Service Card

PHYSICS TODAY JUNE 19-38 125



and Gerald E. Marsh (August 1987,
page 36) claims that studies by Evern-
den and his coworkers in the early
1970s demonstrated the existence and
size of a significant bias (compared
with the Nevada Test Site) in magni-
tude estimates for Soviet explosions.
It further claims that the US govern-
ment refused to accept these conclu-
sions and therefore has been making
"incorrect" yield estimates. The arti-
cle then reviews various lines of
evidence for this bias and adds a
variety of nonseismological argu-
ments to draw sweeping conclusions
about Soviet nuclear testing practices
and weapons systems. We do not wish
to comment on these larger issues, but
we think it is important to point out
that the article considers only a por-
tion of the extensive evidence that has
been exhaustively studied by govern-
ment, industry and university seismo-
logists who have been struggling with
the mb bias question for years. Virtu-
ally every paragraph in the sections
on bias estimation and procedures
(pages 38-̂ 40) contains one or more of
the following distortions: a magni-
tude-yield relationship that is differ-
ent from what nearly all other seismo-
logists have deduced from the data,
failure to acknowledge key observa-
tional data, and conclusions selected
from one extreme of a range of
possibilities.

This is a complex subject, but we
can point out some revealing prob-
lems with the article. For example,
the article makes much of the com-
parison of independent yield esti-
mates based on the magnitudes mb
and Ms, but sweeps aside evidence
that Ms underestimates Soviet yields
because it is biased by an out-of-phase
contribution of tectonic strain energy
release (that is, nonexplosion energy)
to the signals. The authors' assertion
that "there is no evidence for such a
perturbation" ignores extensive re-
search that establishes its reality
beyond doubt. Indeed, this nonexplo-
sion contribution is larger than the
contribution from the explosion itself
for many signals. Correction for this
effect significantly reduces the bias
estimate obtained by comparing Mb
and Ms. Another indication of the
selectivity displayed by Evernden and
Marsh is that they remark that the
"ideal and direct technique [for mea-
suring the mb bias] would be to have
amplitude data for P waves of distant
earthquakes or explosions as recorded
at or very near the Soviet test sites,"
without reporting that a very thor-
ough experiment of exactly this type
was conducted some years ago to
determine the mb bias between the
Nevada Test Site and sites in eastern

North America. The latter sites were
selected to provide an upper bound for
the mb bias for the Soviet test site.
However, the measured mb bias
turned out to be small, and large,
semiscientific, ex post facto "correc-
tions" are required if one wishes to
make the results of this experiment
consistent with a bias even as large as
0.25 for these "upper bound" sites.
Evernden and Marsh propose a bias of
0.45, and since magnitude bias is in
logarithmic units, a 0.2 difference
converts to a 58% difference in the
yield estimate. Actually, we do not
believe experiments of this kind pro-
vide conclusive evidence about bias,
but the results should not be ignored
because they fail to confirm the au-
thors' model. The seismological liter-
ature contains many other examples
of contradicting evidence on seismo-
logical aspects of yield estimation (for
example, see the review by Bache in
the December 1982 Bulletin of the
Seismological Society of America,
page S131, which lists many refer-
ences).

The truth is that there is a large
uncertainty in yield estimates for test
sites for which there is no indepen-
dent calibration information (in es-
sence, explosions of measured yield).
Without this calibration information,
it is necessary to estimate with great
precision the effects of geophysical
phenomena of which seismologists
now have only a qualitative under-
standing. It is certainly possible to
begin with a conclusion (for example,
that the largest Soviet tests since
1976 have yields of 150 kilotons) and
selectively collect evidence consistent
with this conclusion, but the same can
be done for many other hypotheses
about Soviet testing. What has not
yet been done by anyone is to con-
struct a consistent and complete geo-
physical model that can be confirmed
by normal scientific hypothesis test-
ing and that leads to yield estimates
of high accuracy. Absent this satis-
factory scientific model, seismologists
must consider all relevant evidence
and strike a balance among the con-
tradictions that plague the subject.
Evernden and Marsh have not done
this, and there is much less confi-
dence in their conclusions than they
claim.

We are seismologists who have
specialized in nuclear test monitoring
for many years. One of us (Romney)
has been continuously involved since
1949 and was a member of the 1958
Geneva Conference of Experts, which
established the scientific basis for the
inital nuclear test ban treaty negotia-
tions. Another (Ryall) was a member
of the Department of Defense panels

that thoroughly reviewed seismic
yield estimation methods and uncer-
tainty during the years from 1982 to
1986. He is also a past president of
the Seismological Society of America.
Bache was an early organizer and
participant in those panels, and he
has published numerous papers on
technical aspects of the seismic yield
estimation problem.

THOMAS C. BACHE
Science Applications International

Corporation
San Diego, California

CARL F. ROMNEY
ALAN S. RYALL

Science Applications International
Corporation

9/87 Arlington, Virginia

EVERNDEN AND MARSH REPLY: It is
unfortunate that Thomas C. Bache,
Carl F. Romney and Alan S. Ryall
chose to not address the "sweeping
conclusions" and "larger issues"
raised by our article. As it is, they
have avoided our main thrust, limit-
ing themselves to criticisms that are
easily rebutted.

We will respond to their criticisms
in order:

Disagreements relative to the ap-
propriate mb magnitude versus yield
curve for Nevada Test Site explosions
in tuff and granite are significant
only at yields of 50 kilotons and less,
not in the range of relevance to our
paper.

The government, industry and uni-
versity studies ignored by us remain a
mystery. If they mean the US study
they mention later in their letter, see
below.

To illustrate how "extreme" our
views are:
> Three technical panels convened
by various agencies of the Depart-
ment of Defense in the past two years
or so have specifically rejected the
positions of Bache and Romney, while
concluding that the yield versus mag-
nitude and bias relationships were
adequately known to allow the con-
clusion that there was no evidence of
Soviet cheating. Such conclusions
required acceptance of a bias value at
least as high as 0.35.
t> The CIA and the seismological
group at Lawrence Livermore Nation-
al Laboratory have stated that there
is no evidence of Soviet noncom-
pliance, and LLNL has repeatedly so
stated to Congress. These positions
require acceptance of a high bias
value.
> We know of no technical confer-
ence that has reached different con-
clusions.
> Several eminent American seis-
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Ltntro
mologists have testiiied to Congress
on these matters. Lynn Sykes and
Paul Richards (Columbia University)
have given opinions agreeing with
ours and thus accepting a large mb
bias between NTS and Semipalatinsk.
Charles Archambeau (University of
Colorado) has given similar testimo-
ny. Though the details of their analy-
ses may differ slightly from ours, they
reach similar conclusions as to bias
and yields of Soviet tests.

Our position appears to be "ex-
treme" only in that it disagrees with
that of Bache, Romney and Ryall, not
in that it disagrees with that of nearly
all other investigators. Even this
disagreement is nearly nonexistent,
as Bache and his coauthors appear to
accept bias values of 0.35 for Novaya
Zemlya (see below) and thus at least
equivalent values for Semipalatinsk.
At no place do the authors suggest a
proper value of bias between NTS and
Semipalatinsk.

There have been a variety of prob-
lems in interpretation of the Ms
values of the "150-kiloton" events at
Semipalatinsk. What we pointed out
was not the detailed agreement of
yield estimates for these events by mb
and Ms (these estimates average 175
and 115, respectively, as one can read
from our figure 3d using an mb bias of
0.45), but the agreement on average of
these two modes of estimating yields
at Semipalatinsk when using a 0.45
mb bias. Numerous explosions at
Semipalatinsk show little tectonic re-
lease, and it has been documented
since at least 1976 that the discrepan-
cies between estimates of yield based
on Ms and uncorrected mh values are
as great at nearly all Soviet PNE
(peaceful nuclear explosion) sites as at
Semipalatinsk and Novaya Zemlya.
Consistent estimates of yield for these
explosions are obtained based on mb
and Ms via use of large mb bias
corrections controlled by the phenom-
ena described in our article, thus
establishing that resort to tectonic
release as a truly confusing factor in
yield estimation is out of the question.
Bache and his coauthors make no
comments about Novaya Zemlya, as
there never has been evidence of
pronounced stress release there, giv-
ing them no recourse but to accept our
conclusions. Thus their comments
relative to tectonic release are irrele-
vant. It would appear that when the
smoke screens are dispersed, the only
issue between them and ourselves is
simply whether to use 0.35 or 0.45 as
the mb bias for Semipalatinsk.

The authors don't believe the re-
sults of the US study of the mb bias
between the eastern United States
and western Nevada are pertinent to

Semipalatinsk. We couldn't agree
more, and thus saw no reason for
mentioning the study. All discussion
of the pertinence of this old exercise
to Semipalatinsk is now moot as
Kenneth Priestly and coauthors, us-
ing Natural Resources Defense Coun-
cil data obtained from stations in the
general area of Semipalatinsk, report
an mb bias between western Nevada
and the Semipalatinsk area of
0.45 ±0.05!

It is true that we ignored numerous
references. Ours was a short review
article, not an original contribution,
and we cited what we deemed the
most pertinent references.

Though these authors ignore our
nonseismological arguments bearing
on the proper value of the mb bias, we
wish to reiterate that we feel those
arguments are both pertinent and
powerful.

JACK F. EVERNDEN
US Geological Survey

Menlo Park, California
GERALD E. MARSH

Argonne National Laboratory
3/88 Argonne, Illinois

High-Altitude
Physicists
It is well known that physicists and
mountains have long had an affinity.
Many of us have trekked and
climbed, with great pleasure, in Ne-
pal. On my last trip—in the spring—
to that beautiful country, I made the
acquaintance of the Nepal Physical
Society. This entity publishes a
small journal and generally reflects
the interests of Nepalese physicists
and physics teachers. While in Ne-
pal on this last trip, I gave a lecture
to a group of teachers and students
on, of all things, the width of the Z°
and the number of neutrino flavors, a
subject that had been discussed in
the journal. I had an audience of
some 50 people. I am writing to
encourage all of you who plan to go to
Nepal to contact the Physical Society
and perhaps also give such a lecture.
(The address is Nepal Physical So-
ciety, Department of Physics, Tri-
Chandra Campus, Ghantaghar,
Kathmandu, Nepal.) Nepal is a very
poor country, so do not expect any
material rewards. However, it will
add greatly to your s'dnam—"mer-
it"—and, apart from what this may
do for you in the next life, you will
meet some delightful people and
have a more meaningful, less touris-
tic visit to that country.

JEREMY BERNSTEIN
Stevens Institute of Technology

9/87 Hoboken, New Jersey •
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