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EDITOR'SCOMMENTS

The issue which precipitated the intense interest of many physcigs (and thelr organizations)
in the problems at the interface between science and society during the last hdf of the twentieth
century was the initid congtruction and use d nuclear wegpons. It gill holds our attention today
— in the form of the planning for contemporary use of nuclear wegpons and as the recurrent
attempts to understand and assess responghility for its initid developments.  Tightly linked to
the problem of nuclear wegpons is the issue of nuclear reactors as mobile and dtationary power
SOurces.

In this issue of Physics and Society, J. Altman illustrates the contemporary interest of
German phydcigs in the problem of nuclear wegpons and internationd security.  With the
comments of A. DeVolpe, we return to the question: should we be planning to use nuclear
wegpons in the course of “ordinary events’? And L.Wolfensen reminds us that there are 4ill
unresolved questionsin the U.S. system for procuring and maintaining nuclear wegpons.

The issue of regponshility for cregting and mantaning nucler wegpons, though
contemporary, seems to be most popularly examined via the lens of the past. The play
Copenhagen and the reections of its audiences continue to fascinate me and many of my
colleegues.  (Even though |, and perhgps many of these colleagues, first started pondering the
issues of respongbility rased by the play many years ago with the appearance of Sam
Goudsmidt’s Alsos and Robert Ruark’s Brighter than a Thousand Suns.) An immediate question
is why the very different reactions to the play by American and European audiences? W. Liebert
gives some German indght into this question while JSdomon looks a it from a French
perspective.  H.Lipkin asks us to look beyond the WWII competition between Allied and
German physicists over the creation of nuclear wegpons to the apparent lack of competition with
respect to non- nuclear wegpons. And |, together with my old colleague B.Pugd, again puzzle
over the gpparent ability of W. Heisenberg to forget his past weapons activities. Observing one’s
past Hf is gpparently still an observation, subject to the digtortions of the present observing
“Ingrument” .

The contemporary issue of nuclear power — vitd in a day of increasing pollution due to fossl
fues and threstened access to, and continued avalability of, these fuds — requires continued
examination of those notorious events which demongrated the non-benign aspects of the “avil
atom”. Then most notorious is Chernobyl, which is examined here again by two French authors,
JFrot and A. Aurengo, and engineer and aphysician

A mgor manifedation of the physdd’'s interest in “science and society” is our recently
renewed interest in the science education of the generd public as wel as that of our successor
generations.  J. Marque has some interesting — if disturbing — comments about the education of
future scientist's. L. Lerner and A. Meott add to our unesse about the ‘science education
recaived by many of our fdlow citizens, though they do suggest some amdiorative approaches.
A. Hobson reminds us that we cannot separate the fundamenta science education of future
scientists from that of the generd public. Findly, though not included in this journd, our readers
should be aware of recent efforts by our colleagues in the Division of Particles and Fields to
introduce the lay public to the future of particle physcs as wdl as to illustrate how forefront
physics can lead to important practicd applications in medicine and technology.  They have
produced a full-color- illusirated brochure caled “Quarks Unbound” which will be digributed to
dl high-school physcs teachers. It will dso be avaldble on the web a
(http//www.aps.org/dpf/quarks _unbound.html).




It should be clear that issues of Physics and Society have important implications to present
and future societa actions, both here and abroad, as well as providing clues for understanding
past actions. | hope tha our readers will share their thoughts on these subjects with ther
colleagues via submissonsto this journd.

AM.S



ARTICLES

Germany: Disar mament Resear ch in Physics
Jurgen Altmann

To some extent motivated by the US role model, in the last two decades new research groups
for disamament and internationa security have been darted in science in Germany. This article
isto provide ashort overview of their history, status, and outlook.

It dl gated when in 1984 a fdlowship program of the Volkswagen Foundation met a few
physcigs who had been active in the scientists peace movement and had cared about their
science's connections to war and peace. After a few years of felowships and one-person projects,
the VV olkswagen Foundation supported, from 1988 on, the foundation of three groups.

(1) 1ANUS (Interdisciplinary Research Group in Science, Technology, and Security) at
Damgadt Universty of Technology. Among its members werdare physcigs, mathemdicians,
biologists, economids, ethicigs. They do sudies on nuclear-maerid verificaion and disposd,
models of strategic stability, detection of bio-warfare agents, etc.*!

(2 BVP (Bochum Verification Project) a Ruhr-Universté Bochum, later aso Dortmund
Universty, comprised mainly of physcids Ther focus is on the potentid of acoudic, seismic,
and magnetic sensors for the cooperdive verification of limits on military land and ar vehides
Another strand dedls with military technology assessment.?

(3) CENSIS (Center for Science and International Security) a Hamburg University. Here,
physicists, computer scientists, and mathematicians work on automeatic processng of overhead
images, stability models, and military-technology assessment.?

In addition, afew individud scientists are at work at research inditutes.

Whereas this work is recognized by the respective department and university, only 1ANUS
has been successful in getting continuous - though limited - univerdty/date funding. Also here,
there is a high dependency on externd projects funds. Due to the underdeveloped fidd, these
flow farly irregularly. Neverthdess a dl inditutions an impressve number of projects has been
funded and carried out.

Informa cooperation between the three groups grew into FONAS (Research Association
Science, Disarmament, and Internationa Security), founded 1996 a Bad Honnef near Bonn, in
the Physcs Center of the German Physicd Society DPG.* The DPG has some tradition
concerning disamament - in 1957 eghteen leading German nuclear phydcids sgned a letter
opposing a nuclear-armed Federd Republic of Germany. Much later, the DPG spoke out in favor
of the comprehensive nuclear test ban and founded a corresponding commission. From 1995 on,
phydcigs from the FONAS community organized topica sessons on Disarmament and
Veification a the annua DPG Spring Medtings. In 1998, DPG founded its Committee Physics
and Disarmament (AKA, Arbetskreis Physk und Abriistung) that from then on co-organized the
sessions together with FONAS® Among the main topics are test ban, verification technology,
nuclear disssmament, missle defense, mine detection, military-technology assessment. The gods

http://www.ianus.tu-darmstadt.de
http://www.ep3.ruhr-uni-bochum.de/bvp
http://www.kogs.informatik.uni-hamburg.de/censis
http://www.fonas.org

5 http://mwww.dpg-fachgremien.de/akalindex_ehtml. The AKA speaker is Jirgen

Altmann, deputy speskers are Gotz Neuneck and Christoph Pistner. Note that AKA is solely
for disarmament. Thereis a separate Committee on Energy, AKE.
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are to provide information on actual problems of physics and disarmament, to present the results
of recent research, and to provide a forum for the presentation of industry/government work that
is normaly not published. Often, man lectures are given by invited speskers from the USA.% 7
Our audience varies between 20 and 200 physicids, i.e, we reach 5 to 10 % of the attendees at
the Spring Mestings.

After the dections of 1998 the new Federd Minister of Education and Research wanted to
resume Federd funding for peace and conflict research (which had been reduced to zero by the
former government). Projects involving the naturd sciences were among the firg to be funded.
Five of these formed joint projects on preventive ams control, three dedt with verification
technologies, and one with mathematicd modeing.® These projects lasted only little more than a
year. From 2002 on, funding takes place via the new German Foundation Peace Research (DSF),
which unfortunately, due to its limited capitd, has a lower budget for projects. Stll, natura-
science groups have successtully gpplied for funds and will be able to continue significant work.

There is now a smdl community in Germany of professonas doing research of disarmament
and international security using methods from the naturd sciences. More than a dozen doctord
dissertations and diploma theses have been written.’ Colleagues take pat in the Pugwash
Conferences on Science and Internationd Affars and the Summer Symposa on Science and
Globd Affairs'® Repestedly, we have been cdled upon to do studies for the German Federd
Parliament (the Bundestag has an Office of Technology Assessment TAB that - different from its
U.S. precedent - ill is dive and well). Twice per year, FONAS is organizing a briefing in the
German capitd (firsd Bonn, now Berlin), atended by politicians and gaff from Parliament and
Minidries, as well as journdigs. Within DPG, the Committee Physics and Disarmament is
respected. Important discussons have been initiated, eg., about the use of highly enriched
uranium in the new German research reactor FRM 11.1

The centrd inditutiond task for the next few years is to provide more continuity - in
personnd and funding. Most important would be a few professorships for this area of research
and teaching. This could be done if physics departments decide to open up a job description for a
new professor to include problems of disarmament and international security.

Jurgen Altman
Experimentelle Physik 111
Universitat Dortmund

D-44221, Dortmund, Ger many

FAX: +49-231-755-755-3516
altmann@e3.physik.uni-dortmund.de

6 U.S. invitees 2000-2002 were: Richard Garwin, Ted Postol, Allison MacFarlane, George Lewis, David
Mosher, and Geoffrey Forden. Abstracts of all talks at the AKA sessions are accessibl e via http://www.dpg-
tagungen.de/archive, year, Physikertagung, Arbeitskreis Physik und Abristung.

7 With U.S. speakers present in Germany, we often ask them to speak at AKA/FONAS briefingsin the
capital, see below.

8 Preventive arms control: http://www.fonas.org/prk

9 Some exemplary topics: stability models with missile defense, tritium controls, magnetic vehicle detection,

change detection in multispectral overhead images.
10 http://www.summersymposium.org
1 Phys. Blétter 55 (1999) 16 ff.



ARTICLES

The Causesof The Chernobyl Event
Jacques Frot*

The number 4 Chernobyl reactor suffered a power excursion on April 26, 1986 during a low
power test. The power increased to about 100 times its nominal value: the reactor was destroyed
by a steam explosion and 12 exabequerels of radioactive isotopes were injected into the
atmosphere contaminating an area of about 60 000 sg miles inhabited by 6 millions people and
causing a measurable increase in the level of ionizing radiation in most of Europe.

This event had two components: theexplosion and the effects on public health. We will
examine them separately and discover that both were mostly avoidable.

The two mgor civilian nuclear accidents before Chernobyl -WINDSCALE (195)7 in the UK
and TMI (197)9 in the United States- caused no deaths.

The 1000 Megawait-edectric RBMK reactor is graphite-moderated and light water cooled. In
addition to eectricd power, it produces weapons-grade plutonium-239. The Chernobyl power
station was amajor source of energy for the Ukrainian SSR

THE CAUSES OF THE EXPLOSION were of three types (1) design weaknesses, (2)
management faults and operating saff errors and (3) political causes.

Regarding design, the RBMK resctor suffers 5 mgor wesknesses: core indability at low
power which means that the reector is then difficult to control and any tendency toward a
runaway chain reaction is automaticaly and rapidly amplified; insertion of control rods is very
dow and when the control rod is insarted its grgphite tip firdt increases the reactivity before
reducing it; these reactors are not protected by a system to filter exhaust gases nor by a
containment gructure; and findly hot graphite burgts into flames when it comes into contact with
the aimosphere and vaporizes rado-isotopes dispersng them in the ar. Russan nuclear
enginers knew of this ingability as did French and British experts. The Soviet authorities were
warned well before the Chernobyl accident, but the warning fell on deaf ears. None of these 5
design weaknesses exist in western light water reactors (PWRs and BWRs) nor in Soviet VVER
(PWRs).

Management faults were mosly a crimina lack of adequate traning of the operators,
inadequate permanent operating procedures, lack of enforcement of the rules and incomplete and
imprecise ingructions for this delicate low power test.

These management weaknesses led to at least §x human errors committed by the operators.
Two permanent operating rules were violated: not to run the reactor for any length of time at
reduced power level, and never to have fewer than thirty control rods fully inserted into the core.
One eror condsted in not following the test procedure, and three safety mechaniams were
ddiberately bypassed - one for emergency water injection, and wo others for emergency shut-
down. It is clear that operators were not able to appreciate the implications of their acts

Turning to political causes: in the Cold War the plutonium production aspect of the RBMK
imposed a sense of urgency on their desgn, congtruction and operation; no time and no funds
were to be "wasted" on improvements however essentid to a safe operation. The scientists and
engineers worked under one and only one guiddine to produce weapons-grade plutonium as
much as possible and as quickly as possible.




It was under these circumstances that the Minister of Electrification declared at a Politburo
meeting on May 2, 1986, six days after the explosion: "'In pite of the accident, the congtruction
team will meet its socidist obligations and soon begin to build reactor number 5."

The culture of secrecy, universal in the USSR until 1989, imposed compartmentdization of
knowledge: no single person was dlowed to see the big picture and to integrate dl aspects of the
safety of the operation.

Some Soviet scientists were drictly honest.  Others, just as competent, were motivated first
by their persond interests and lacked the courage to be scientifically rigorous. Without scientific
debate they accepted certain questionable decisions made by the politica authorities.

The design wesknesses arise from Bureaucratic dictatorship, not from engineering
incompetence.

It is clear that the explosion of the Chernobyl reactor was made possible by the many
shortcomings of the Soviet system. One may well say that the Chernobyl explosion was more a
Soviet event than a nuclear event.)

Before looking & THE CAUSES OF HARMFUL EFFECTS TO HEALTH let us sress
that, apart from the death of two persons present atop the reactor when it exploded, these effects
were not inevitable. But circumstances were such thet, due to immediate and deeper causes,
there were harmful effects to public hedth which we first summarize below.

Much controversy surrounds the magnitude of these effect, too often with a lack d scentific
rigour. In the interest of objectivity we refer to the UNSCEAR (United Nations Scientific
Committee for Effects of Atomic Radiations) report of June 6, 2000. Paragreph 136 reads as
folows "Apat from the increese in thyroid cancer after childhood exposure, there is no
evidence of a mgor public hedth impact 14 years after the Chernobyl accident. No increases in
ovedl cancer incidence or mortaity have been observed that could be attributed to ionising
radiation. The risk of leukaemia, one of the main concerns (leukaemia is the first cancer to
gopear after radidion exposure owing to its short latency time), is not eevated, even among the
recovery workers. Neither is there any scientific proof of other non-maignant disorders, sometic
or mentd, thet are related to ionising radiation.”

We note that UNSCEAR''s conclusons are consstent with observations made since 1945 on
86 500 survivors of the atomic bomb attacks on Hiroshima and Nagasaki.

We recdl the following data which characterize the harmful effects to public hedth due to
Chernobyl. They concern an area of 60 000 square miles around Chernobyl, in Bearus, Ukraine
and the Russian Federation: 2 operators were killed by the explosion; among 134 persons acutely
irradiated, 28 persons died in the 3 months following the accident; up to the beginning of the
year 2000, about 1800 cases of thyroid cancer had been reported among persons who were under
18 in 1986 with a very low mortdity of about 10 deaths. New cases are expected in the coming
years. No excess of solid cancers nor of leukaemia nor of congenitd anomdies have been
reported. By far the grestest harm - but there are no available figures - is found as suicide and
violent desth among the firemen, policemen, other recovery workers ¢fficidly 313 000 recovery
workers) on the ste and among the evacuated population who suffered a considerable reduction
in the qudity of thar life

Thereis no evidence of any effects to public hedlth outsde USSR. One might say that the
red victims were an estimated 100 000 foetuses unnecessarily aborted in panic in central and
eastern Europe because the pregnant women and medica personnd - midwives and physcians -
fell prey to an exaggeration of the effects of radioactive falout. "



The immediate cause of harmful hedth effects was the absence of an emergency plan. The
public was kept in the dark. Indructions to stay indoors with windows and doors closed were not
issued for 36 hours. A ban on the consumption of fresh milk and localy produced fesh fruit and
vegetables was not issued for seven days. There was no provison for the immediate distribution
of dable iodine to prevent thyroid cancers, nor was protective clothing available for the firemen,
operating personnd and recovery workers.

The deeper causes of hamful hedth effects are politica: the dementary precautions
mentioned above were not taken because the authorities and the power station management did
not know that they were needed. They had no emergency plan, no medica supplies no
protective clothing, not even ingruments to meeasure radioactivity. Yet severd murderous
military nuclear accidents, which occurred as early as the 1950s (e.g. Mayak and others) causing
433 deaths by acute irradiation, had led Soviet scientits and physicians to develop suitable
techniques for radio-protection and care. The useful recommendations they made early on to
USSR authorities were ignored. For example the radio-protective substance "Preparation B" was
ready by the mid-1970s but the program not implemented!! Smilarly, Soviet biologists knew
how radioactive iodine was fixed on the thyroid and knew the protective power of stable iodine.
As far as back the 1970s they dso knew how to protect againgt radio-caesum and radio-
drontium. Due to the heavy adminidrative procedures, budgetary difficulties and politica-
stientific quarrds, none of these defensve measures, and in paticular neither "Preparation B"
nor potassum iodide, was available at Chernobyl in 1986!!

Let us findly remark tha an efficient emergency plan providing for the smple and effective
measures mentioned above was approved by the USSR Minister of Hedth in December 1970,
but it remained a dead letter. A new plan, presented in 1985, was refused because an accident
judtifying such measures was "impossiblein USSR".

The great breadth and depth of relevant knowledge developed by Soviet scientists was not
made known to the medicd and nucdear communities of the Soviet Union. Locd civilian
authorities either knew nothing of it or paid no attention to it. Ignorance and lack of preparation
were 0 profound that in the wake of the explosion the vast mgority of the actors in the drama
reector operating crews, directors of the power dation, loca and higher authorities were so
disraught that they were unable to agppreciate the dimension of the disagter, unable to define
priorities and unable to undertake even the most urgently required activities.

-Thus it was tha the 28 deaths of rescue workers could have undoubtedly and easly been
avoided.

- Thus it was that the population of Pripyat, 2 to 3 miles away from the power dtetion, were
not informed and evacuated until the afternoon of April 27, more than 36 hours after the
exploson.

- Thus it was ,conversdy, that the evacuation of 120 000 persons, decided later in spring
1986, was not proven judified for lack of measuring insruments while it led to numerous
suicides and violent desths.

- Thus it was that tablets of potassum iodide were not disributed to the exposed
population, or were distributed too late to be effective. Those tablets would have protected their
thyroid glands from irradiation by radio-iodine and thus prevented cancer: it is clear that the
1800 cases of cancer among young people could have been easly avoided. It is worth noting thet
dtable iodine was indeed distributed in neighbouring Poland and, as a result, that country has not
had any excess of juvenile thyroid cancers.

- Thus it was that the offer of the USA on May |4, five days after the explosion, to send a
great quantity of stableiodine as sodium iodide tablets was declined.



- Thus it was that only on May 2, seven days after the exploson, the consumption of loca
agricultura products was forbidden.

- Thus it was tha the uninformed, misnformed and disnformed population fell prey to fear,
and soon redlized that the public authorities had logt control of the Situation.

- Thus it was tha the people became the victims of tades and rumours which were, and ill
are today, the bread and butter of the "merchants of fear" who inhabit the loca, regiond, nationd
and internationa press.

- Thus it was that many of the recovery workers and evacuees fel victim to psychologica
dress in addition to many suicides, the psychological trauma led to respiratory, digesive and
cadio-vascular disease. These cases are not the direct result of irrediation but they congitute by
far the grestest harmful effects to public hedth inflicted by the Chernobyl explosion.

- Thus it was that the politica context of the Chernobyl accident made it impossible to avoid
a condderable amount of harm to public hedth; this despite the fact tha medicd knowledge and
preventive and curative techniques had existed for years and years in the Soviet Union whose
scientists, engineersand doctors were as competent as those in the Western world.

Here again, one may well say that the health aspects of the Chernobyl event were much
more a Soviet event than a nuclear event.

Asa CONCLUSION let us say that the Chernobyl disaster was made possible by a political
system which accepted a lack of a culture of safety at three levels: reactor design, reactor
operation and plan of action in case of a serious accident.

With Western assistance, the RBMK reactor design, operating procedures and traning of
operators have been progressvely improved since 1986. Another explosion like that which
occurred at Chernobyl is now extremely unlikely to occur at any of the 12 other RBMK
reactors. However, compared to the very high levd of safety which the Western countries have
indgsted upon, the present Situation is not totally acceptable: more improvement is till needed .

At long lagt, emergency plans to protect the populaion have been put in place in the ex-
USSR, while before 1986 they were considered an unnecessary luxury.

The design errors of the RBMK reactor and especidly the absence of a containment Structure
are unique to that modd. Every other reactor in the world, including the recent Soviet PWR
reactors (VVER 1000 and VVER 440 of the second generation), has a containment structure.
Should the core suffer a meltdown, an extremely unlikely event, the containment structure would
prevent the escgpe of dangerous radioactive substances. Successful  containment  was
demongrated a Three Mile Idand in 1979. We may thus conclude that a Chernobyl type
event, an exploson destroying the reactor and its containment together with very serious
consequences for public health and the environment, cannot possibly occur outside the ex-
USSR and itsformer satellites.

Let us not forget, however, that the Chernobyl reactor even as it was in 1986 would not have
exploded if the operating crew, while fathfully executing a poorly defined and dangerous test
procedure, had not deliberately bypassed severd safety systems.

JacquesFrot
Condensed August 2002
Trandated from the French by Berol Robinson



Jacques FROT jfrotelsuz@aol.comis an engineer, ex-director of Mobil Oil France and a
member of SFEN - Société Francaise d'Energie Nucléaire.
Berol Robinson berol.robinson@ecolo.org is an American physicist, member of APS and

AAPT, and an environmentalist.

Until retiring he was a science officer at the Paris headquarters of UNESCO.

A more complete version of this paper isto be found at <www.ecolo.org> the Internet site of
the Association of Environmentalists For Nuclear Energy : Click on the Union Jack, click on

documents, click on documents in English and look for Causes/Chernobyl/JF



ARTICLES

Chernobyl : The Effectson Public Health 7*
André Aurengo ,

(Note: Figures|, Il and Il areinserted at the end of the document)

Because of its public hedth, ecological and industrial consequences, the Chernobyl accident
has become a myth which serves as the focus of many fears, judtified or not.

No one can question the seriousness of the event, but after fifteen years there is ill no
agreement about the effect it has had or will have on public hedth. For example, the totd
number of deeths atributed to Chernobyl varies from less than a hundred to severd millions,
and congenitd mdformations from negligible to cataclysmic. To exaggerate the numbers to
abaurd levels isjud as dishonest as to minimise them.

Beyond disinformation, widely broadcast for one motive or another, and despite the fact that
one canot eesly refute arguments set forth with the heat of passon, we bdieve it is
important and even urgent not to let psychosis run wild. It is our purpose to show that there
ae stientific criteria which can be used to evduae doses of ionizing radiation, the hedth
effects of exposures and the risks Even usng data which are incomplete and perhaps not
totaly rdiable, severd group appraisas, especidly the studies conducted by UNSCEAR and
IPSN, based on the andysis of hundreds of vaid publications and officid records, lead us to
draw some conclusions regarding the public hedth consequences of the accident and to set
upper and lower numericd limitsto them.

What do we know about the effects of ionizing radiation?
Some orders of magnitude

We ae continuoudy irradiated by the radioactive isotopes present in our bodies (about
8000 Bg), by cosmic rays and by radioactive dements in the ground benegsth our feet, in
partticular, radon, the gaseous radioactive daughter of uranium. In France, the resulting
"naturd ionizing (background) radiaion” varies from 25 mSv/year in Paris to 5 mSviyear in
Brittany and in the Massf Centrd (a mountainous region in the south-central part of France.)
The annual dose exceeds 20 mSv in some parts of the world. To this we must add medica
irradiation which is very unevenly distributed but estimated to average aout 1mSv/year and
industrid irradiation, about 10 Sv/year. The dose due to a chest X-ray is aout 0.5 mSv, a
week's vacation in the mountains a 1500 meters (5000 feet) adds 0.01 mSv and an arplane
trip from Paris to New York adds 0.03mSv. Rules of the European Community limit the

irradiation of the public resulting from non-medicd human activities to 1 mSv/year, and the
irradiation of occupationaly exposed workersto 100 mSv in 5years.

Some effects are known but it is hard to attach numbersto them
lonising radiaion has both deterministic and stochastic effects.

Deterministic effects are observed for doses over 700 mSv ; for a given dose they dways
occur and their severity increases with the dose, up to lethal doses.

Stochastic effects occur a random, and the prabability of radiationrinduced cancers and
congenital maformations increases with the dose.



Radiationrinduced cancers occur only for doses over 100mSy for adults and in the range of
50to 100 mSv for young people.

Concerning the risk of radiaion-induced cancer a low doses (below 200 mSv), there is
ongoing controversy over the existence of a threshold below which there would be no effect
and over the relation between dose and probability of radiatiorrinduced cancer a low dose (is

it lineer or linear-quadratic?).
The risk of cancer

Our knowledge of the risk of cancer due to ionisng radiation is mainly based on the long
teem gdudy of 120 321 survivors of Hiroshima and Nagasski who received significant doses
(from 5mSv to 3Sv with an average of 200mSv) a a high dose rate (1 Sv/second). The
folow-up study shows that the probability of developing cancer incresses more or less
linearly with dose for solid tumors (between 200mSv and 3 Sv), and fdllows a linear-
quadratic rule for leukaemia Among the 120 000 survivors, in the haf-century since
Hiroshima and Nagasaki, one estimates that there have occurred 334 more cancers than in a
matched nortirradiated population, and 87 more cases of leukaemia ICPR used the
Hiroshima-Nagasaki data to set radio-protection rules which, for prudence and smplicity, are
based on a linear-rno-threshold (LNT) law. This draightforward modd is judified by its
samplicity, but it cannot be gpplied to the caculation of cancer probabilities for low doses or
for low dose rates. The improper use of the smple LNT law as if it had been scientificaly
proven has led to vast exaggerations of the danger of weak ionising radiation.

Thyroid Cancers

Radiationrinduced thyroid cancers are caused by externd irradiation or by the subject's
ingestion of radioactive iodine isotopes. The radio-iodine is strongly concentrated in the
thyroid gland so that the dose to the thyroid is 200times grester than that delivered to other
organs. For the same contamination, the dose to a young person's thyroid is higher than an
adult's, and the foetus is sengitive sarting with the third month of pregnancy.

For a young child and the fodus radio-induced thyroid cancers have been observed from
100 mSv upwards, received a high dose rate. The estimate of lisk is based on data from the
Hirashima-Nagasaki study and from follow- up studies of children who had had radio -therapy.

These dudies dl ded with high doses and high dose ratesand the data probably cannot be
applied generaly. For equd doses, the relative risk would be 2 to 10 times smdler for much
lower iodine-131 dose rates. Short-lived radio-iodine isotopes, such as F132, which, for the
same dose, have a dose rate much higher than 1-131, may have played an important part in
causng thyroid cancer in the former Soviet Union. The reative risk of radiationinduced
thyroid cancer decreases with age and becomes insignificant after the age of 20.

The adult thyroid is not very sendtive to radiation and we hardly ever see radiaioninduced
thyroid disease in an adult. Scintigrgphic examinations of the thyroid have been performed on
some 34000 adults, udng iodine-131 with an average dose to the thyroid of 1.1 Gy, and the
procedure has been shown to be totaly harmless.

Smilarly for children we have seen no radio-induced thyroid disease after scintigraphic
examination, but we have only 500 cases.

It is to be emphasised that the dose to the different organs (which is very poorly known in the
case of the Chernobyl accident) is only one of the parameters needed to estimate the risk of



radiation-induced cancer. Other important factors are the dose rate, the nature of the ionizing
radiation and its homogeneity, as well as the age and sex of the subject and such things as
genetic predigpostion.

There are many difficultiesin the analysis of Chernobyl

Effects on public hedth may be cdculated from data on contamination, from the doses
receved and from the risk, dl three of which are likdy to be very roughly known; or they
may be evauated on the spot, ether by epidemiologicd dudies or by examining medica
registers.

A very smple computation leads to very high estimates when risks are improperly modeed
by the LNT relationship, because low risks are attributed to low doses but then multiplied by a
vary large population. This is like saying it is as dangerous to have one grain of lead fal on
the head of one million people as one anvil on afew persons.

The contaminated area is not well mapped

The exploson and fire a the Chernobyl reactor N°4 injected into the atmosphere about 4 x
108 Bq of rare gases, 8 x 10'° Bq of cesum-137 and 2 x 10*® Bq of short-lived radioactive
iodine (iodine-131: T = 8 days, iodine-132: T = 2.4 hr and iodine-133: T = 20,8 hr). The areas
heavily contaminated lie principdly in north-western Ukraine, in the southern part of Bearus,
and nearby areas of Russia. People there were exposed to externd irradiation due to the
proximity of radioactive materid and to internd contamination from esting contaminated
food and inhding radioactive particles.

Because the pettern of ran and wind was irregular, the digribution of the contamination is
complex. It was reatively accurately determined only for long-lived cesum-137; in view of
its 30-year haf-life, measurements could be made long after the accident.

Contamination maps for iodine-131 deduced from the cesum-137 data are only very
approximeate.

Epidemiological studies can be misleading

The ability of an epidemiologicd study to detect an increased cancer risk depends upon its
statistical power, which depends on the size of the studied population and the duretion of the
sudy (i.e. the tota person-years) as well as on the natura occurrence of the disease under
sudy. If the result is negative, one can only conclude that the risk B below a certain threshold,
but never that the risk is nonexigent. For example, in datistica tests being done a a 5%
confidence limit, it is likdy that one test in 20 will show a pogtive result Smply by chance
The results of epidemiologica sudies mus, therefore, be consdered cautioudy, in the light
of our generd knowledge of radio-pathology and by comparing the results of severd
inquiries. These difficulties, common to dl dudies of risk, lead us to say thet it is impossble
to diginguish between a zero risk and a nonzero risk, and consequently we may spesk only
of aggnificant or an indgnificant public hedth risk.

Medical registers are efficient tools

Public hedlth regigters for cancer are theoreticaly the best way to evauate the consegquences
of this accident. In the countries of the former Soviet Union there are many regisers of
uncertain rdiability, one for generd medicd follon~up which has followed 659292 persons



snce 1986, specidized registers for maignant hemopathies and thyroid cancers, and registers
devoted to military liquidators.

In France, we have 13 registers for "generd” cancers and the specidlized register of thyroid
cancers in the Champagne-Ardennes region. These registers cover about 15% of the French
population. For youngsters, a nationd register for leukaemia was created in 1995, and a
nationd register of solid tumors has recently been opened.

In Ukraine, Belarus and Russia: one catastrophe may hide another.
For inhabitants of former Soviet Union, one hes to distinguish three populations.

1. The 600000 Chernobyl liquidators, who worked on the site of the accident and who
manly suffered from extend irradiation, averaging 100mSv with a maximum of
10 Sv);

2. The evacuated population (116000 at first and another 220 000 later on) who suffered
from externd irradiation averaging 20 mSv with a maximum of 380 mSv as wel as an
internd contamination averaging 10mSv, with thyroid irradiation of 500mGy. The
interna contamination of children by radioactive iodine was especidly serious.

3. Seven million people ill living in areas contaminated by cesum-137. They presently
receive a highly variable externd irrediation depending on soil contamination (from 1
to 40 mSviyear). Therr intend contamingion may be dgnificat if they eat
contaminated food.

The immediate consequences

Three persons died of trauma During the emergency operations about 600 persons were
irradiated; among them 134 exhibited acute irradiation syndrome 28 of the most heavily
expoxd died. (Tablel)

Table|
Dosss and early deaths among most  exposed|
liquidators
Dose mSv Total number Number
of deaths
800- 2100 41 0
2200- 4100 50 1
4200 - 6 400 22 7




6 500 - 16 000 21 20

Total 134 28

Thyroid cancer in children and young persons

In view of the lack of reigble data on contamination, thyroid irradiation is much debated:
17 000 young people are supposed to have received a thyroid dose greater than 1Sv, 6000
greater than 2 Sv and 500 greater than10 Sv.

We know that the consequences of an accidenta contamination by radioactive iodine can be
avoided by keeping people indoors, by early adminigration (within 3 hours) of a dose of
sable iodine which prevents radioactive iodine from being absorbed in the thyroid gland, by
not drinking or edting contaminated weater, milk and other food and by evacudion from
contaminated aress. In fact, evacuation was late and no measures seem to have been taken to
urge people to stay indoors. Stable iodine was digtributed only after a fourteen-hour dday in
Ukraine and after three to Sx days in Bdarus, digtribution was only partid, and some towns
such as Gome were never supplied.

As early as 1990 it had become clear that there would be a substantia increase in the number
of thyroid cancers among young people who were less than 15 years old or in utero when the
accident occurred (Figure 1).

To date, nearly 2000 thyroid cancers have appeared among these youngsters. They are
papillary cancers, the least serious kind of thyroid cancer, dthough more severe than natura
cancers. They are accompanied by cervicd ganglionic metastases which are not serious in
90% of the cases, and with pulmonary metastases which are much more serious in 30% of the
cases. Paticular mutations of the RET gene, involved in thyroid carcinogeness, are found
much more frequently in these radiation-induced cancers than in spontaneous cancers.

An early and gppropriate treatment leads in al cases to a norma surviva for severd decades
and, in the absence of pulmonary metasiases, a recovery rate of about 95%. After a difficult
dat, when internationa help was essentid, these cancers are now quite well taken care of.
The man shortcomings were inadequate screening and, in some cases, the poor qudity of
surgery. Ten youngsters are said to have died from thyroid cancer (unofficid figures which
can hardly be verified); this can only be attributed to inadequate care. For comparison
purposes, among 39 young persons (from 6 months to 33 years) treated for spontaneous
papillary cancer a the La Fitié Hospita in Paris and followed for an average of 13 years, no
fatality has occurred which could be attributed to cancer.

Among youngsters subjected to radiotherapy, one observes some radiationrinduced thyroid
cancers, which pesk 25 to 30 years after irradiation. The evolution of post-Chernobyl thyroid
cancers sems to be different, and a plateau is dready evident. It is impossible to forecast the
number of cases Hill to come, but they may be very numerous. To identify and treat new cases
in time, it would be necessxry to inditute an early and systematic screening by annud
ultrasound examination of the exposed youngsters (about 200000 in Belarus and 70 000 in
Ukraine), but this is far from being redized. The economic Stuation in Ukraine and Bearus is
such that adequate care for these cancers cannot be provided without help from the West.



Frequency of thyroid cancer among youngsters born after 1987 is back to pre Chernobyl
levels.

Leukaemia

According to the Hiroshima-Nagasaki data, one should have observed an excess of cases of
leukaemia among the liquidaiors within sSix to eight years after accident. As a matter of fact an
increase in the number of cases of leukaemia is obsarved in Ukraine, Russa and Bearus, but
ds for forms of leukaemia which are never radiation-induced and in non-contaminated areas
a wdl. The follow-up of Russan liquidators between 1986 and 1997, shows SiX times as
many cases of chronic mydoid leukaemia (possbly radiationinduced) as before 1986, but
adso three times as many cases of chronic lymphoid leukaemia (never radiation-induced).
Among 65 cases of leukaemia detected among liquidators in deven years for 1011 833
personyears, ten or so are possibly due to irradiation.

During the period from 1986 to 1991 in the most contaminated zones in Ukraine a possble
excess of about ten leukaemia cases was reported among youngsters who were up to 14 years
old at the time of accident. Later rates are back to norma. This excess was not observed in
Bdarus.

Except for these obsarvations, no excess of leukaemia has become evident, not even among
adults evacuated from or living in contaminated aress.

Other cancers

Overd| there is no dgnificant increese in the number of other cancers, but some peculiar
ingtances were reported: an overal excess of cancer among Russian liquidators not working in
nuclear industry (898 cancers observed versus 847 forecasted in 8 years for 704 375 person
years); an excess of breast cancer among female liquidators (38 cancers observed in 1991-
1999 versus 31 forecast for 5332 women) and, possibly, an excess of breast cancer among
evacuaed women and among women living in contaminaied aress. All these data must be
taken with caution because the excesses are barely above random fluctuations and because the
frequency of breast cancer is clearly increasing in dl countries due to improved screening.

Any increase in adult thyroid cancer is difficult to detect because of the bias introduced by
better screening. For liquidators, evacuated people and residents of contaminated aress, an
increese in thyroid cancers is cdear (see Table Il), but it is not obvious that it is due to
contamination. First of dl, the number of cancers normaly expected is very smdl, because
adult thyroid cancer is a rdatively rare disease. On the other hand, a study of the dose effect
relationgip in liquidators paradoxicaly shows that the risk of thyroid cancer decreases when
the dose to the thyroid incresses. Ladtly, for resdents, the increase is identicd in the most
contaminated region (Gomel) and in the least contaminated (Vitebsk). These eements suggest
that improved screening plays adominant role in this gpparent increase of thyroid cancer.

Tablell
Adult differentiated thyroid cancersin former Soviet Union




Period | Persons- | Expected Observed cancers
years Cancers
1990- | 263084 3 13
Liquidators | 1993 || 314452 5 24
1994-
1997
Evacuees 1990- | 208805 6 23
1993 | 200 077 7 43
1994-
1997
Contaminated | 1990- | 654501 22 24
areas 1993 || 556631 19 48
1994-
1997

Non malignant diseases

A very lage number of nonspecific pathologies (asthenia, anaemia, sengtivity to infection,
cardiovascular disorders) have been described and sometimes attributed to ionizing radiation.
Taking into account the doses received, these pathologies cannot be the result of irradition.
Like psychic disorders and suicide, they arise from the mgor psychologica trauma suffered
by the liquidators and evacuated people as well as from anxiety and the badly deteriorated
S0Ci0-economic conditions in the contaminated arees.

Heart disorders dtributed to the chemicd toxicity of cesum-137 were reported in unrefereed
confidentidd  communications. The work was done without even a minimum of
methodologicd precautions and they are just not credible. We mention them only to express
our solidarity with their author, Professor Bandazhevsky, who has the right to make a mistake
without incurring the serious legd proceedings heisfacing in Belarus.

An increased incidence of thyroid nodules and of thyroiditis, a thyroid pathology which may
lead to hypothyroidism, has been reported and seems to be confirmed in areas where thyroid
contamination was the strongest.

Digedtive pathologies (acute diarrhoes, fibross) and a decrease of spermatozoid mobility and
of fertility index were dso reported among employees of the power gtation and liquidators.

Congenital malformation

The birth rate has greetly decreased in Ukraine and in Bearus it is only about haf of what it
was fifteen years ago. Any possble incresse of congenitd maformations cannot be
determined either by smple counting because they occur naturdly in 2 to 5% of pregnancies,



or by comparing their incidence before and after 1986, because the qudity of data taking may
have changed in unknown ways. The regiser of maformatiors in Bearus shows an overdl
incresse which began before 1986, with no difference between the contaminated and nor
contaminated areas. Conversdly, a 1997 study shows an increase of congenitd maformations
of the foetus after abortion. Three studies, covering more than 20000 pregnancies in three
regions of Russa looked for a variaion of the rae of abnormdity (maformations,
prematurity, newborn infant mortality) related to loca contamination. They give contradictory
results and only the decreased bith rate is sysematicaly found.

Radiatiortinduced congenitd maformations are well known and the procedure to be followed
in cae of accidentd irradiation of a pregnant woman is well established: irradiation during
first week leads to spontaneous abortion; later, most authors agree that no particular measure
is indicated for doses to the embryo or to the foetus smaler than 50mSv, and that therapeutic
abortion is recommended if dose exceeds 200mSv. Between these two limits, practice
depends on the context. In the most contaminated areas of northern Ukraine, 99,9% of women
received less than 100 mSv accumulated dose from 1986 to 1997, that is, less than 7mSy for
the duration of a pregnancy. These figures show that the massve epidemic of maformations,
which some darmist mediawould like to have us believe, is Smply impossible.

Indirect consequences

In terms of public hedth, it is the indirect consequences of the Chernobyl incident which have
had the most serious impact. Because of the vast area contaminated (150 000 kn? - 60 000
square miles - contaminated with more than 37 kBg/nT), because of the enormous amount of
money which had to be spent and because of its mgor political impact, the accident greaily
disurbed an dready precarious hedth organisation in three countries which were dready in
total political, economic and financid disarray.

Teking into account our knowledge, it is impossble to answer the question: Wha is the totd
number of deaths caused by this accident? However, if one compares the total number of
observed cancers to the number of cancers naturdly expected among Beaussan and
Ukrainian liquidetors, one notices that the excess of cancers is smdl. One even observes
fewer cancers in Bdarus than otherwise expected! We are far from the daughter sometimes
proclaimed. (Tablelll).

Even if the number of excess cancers could have been predicted, the surviva of the patients
would depend on early diagnosis and on the thergpeutic methods available, which in turn
depend on the economic level of the country. Only massive and wdl-supervised internationa
help will be able to mitigate the consequences of this catastrophe.

Tablelll

Total number of naturaly expected and observed
cancers among the liquidators

Per son- Expected Observed
years cancers cancers

Bdarus 314 204 1352 1195
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Controversy in France over the effects of Chernobyl

The radioactive cloud crossed France from east to west, from 30 April to 5 May 1986,
producing a contamination mostly due to iodine-131 which disgppeared in a few weeks time,
and by cesum-137 which is ill present in dgnificant quantities in some aeas. One can
evauate two doses:

- an ovadl dfective whole-body dose. The highest effective doses received in France were in
the range of 0.4 mSv for the year 1986 and, if integrated over the sixty years from 1986 to
2046, 1.5 mSv. Thee doses ae smdl compared to naturd irradiation which is about
2.5 mSvlyear in Parisand 5.5 mSv/year in Clermont- Ferrand.

- a dose to the thyroid coming mainly from food contaminated with iodine-131 consumed in
May and June 1986. According to an evauation by IPSN, this dose is in the range of 0,5 to
2mGy for an adult and 6,5 to 16 mGy for a 5-year-old chid. These figures are very senstive
to the consumption of fresh cow or goat milk, and the IPSN assessment gives an average
vaue 100 to 1000 times lower than for children in the Chernobyl area. But these evadudions
probably underestimate the dose received by a few youngsters who may have a very unusud
diet, while overestimating the average for the country as awhole.

For both these doses, one observes a geogrgphic didribution which decreases sgnificantly
from east to west (see Figure. 11).

Thyroid cancers

The incidence of thyroid cancer in France has increased significantly since 1975 (Figure 111).
There were 2600 new cases in 1995, i.e. 1% of cancers. This increase, which is observed
among adults as well as young people, is the origin of the polemicad hypothess (and related
complaints lodged with the government) that the Chernobyl accident might be responsible for
the incresse, and the suggestion that the public hedth authorities faled to teke precautionary
measures in 1986.

It is worth recdling here that thyroid nodules are extremey frequent (occurring in 40% of
women 40 years old and in 50% in persons older than 60), and so are micro-cancers less than
1 centimeter in diameter. Most of them are undiscovered and do not progress. Systentic
andyses of the thyroid gland among adults who died without any peculiar thyroid pathology
shows small seats of thyroid cancer in 6 to 28% of cases. So the incidence of thyroid cancer is
only apparent and essentidly linked to screening and especidly to the spread of ultrasound
examinations in the 1980s. The spatid resolution of this technique, a few millimeters, engbles
practitioners to identify nodules which in 90% of the cases would not gppear through
pdpaion or scintigrgphic studies. Many micro-cancars of multi-nodule goitres are dso
discovered in the anatomo-pathologica studies of excised tissue, for they are now more
frequently operated on than 20 years ago. In the Champagne-Ardennes records, the rae of
micro-cancer increases from 4.3% in he period 1966-1976 to 37% in the period 1996- 1999,
while the proportion of tumours gregter than 4 cm (1.6 inch) goes down from 42% to 22%.



Many facts ae a vaiance with the beief, widespread even in the non-specidis medica
community, that the Chernobyl accident isthe origin of this increase:

1.

the increase began around 1975, at a rate of about 7%/year for papillary cancers, with
no bresk after 1986 (thyroid cancers identified before 1989 cannot be linked to

Chernobyl);

a Imilar increase is obsaved in developed countries, even those not affected by the
Chernobyl falout (USA);

the increase concerns adults of dl ages but not youngsers, as shown by the
Champagne- Ardennes records (Table V). This is congstent with the fact that there are
no hidden micro-cancers among youngsters,

4. no sudy has ever shown an increase of adult thyroid cancer due to iodine-131, even
for much higher doses;

5. the increase between the five-year periods 1982-1986 and 1992-1996 is greater in
some less contaminated areas (Cavados x 4.3) than in other much more contaminated
areas (Haut-Rhin x 2);

6. among andysed subjects the RET gene mutations, frequently observed among
irradiated youngsters in former Soviet Union, are not more frequent than for natura
cancers,

7. changes in diagnosis and thergpeutic practices, which are the subject of a current
study, are probably sufficient to explain the observed increase.

Table IV
Differentiated thyroid cancers among young people (less than 15 years old)
Year || 1986 | 1987 || 1988 || 1999 || 1990|| 1991 || 1992 | 1993 || 1994 | 1995 || 1996 | 1997 | 1998 | 1999

Belarus | 3 4 6 5 31 |1 62 || 62 | 8 || 77 || 82 || 67 73 48

Ukraine || 8 7 8 n 26 || 22 || 49 | 44 || 44 || 47 || 56 36 44

Russia 0 1 0 0 1 1 3 1 6 7 2 5

ne-

Champag | 0 1 1 0 0 0 1 1 0 0 1 0 0 0

Ardennes

IPSN has evauated the number of excess thyroid cancers in France due to the accident. They
edimate that the excess may be in the range of 0.5 to 22 cases for the decade 1991-2000 (to
be compared with an expected 97 +/- 20 spontaneous cases) and in the range of 6.8 to 54.9 for



the quarter-century 1991-2015 (to be compared with an expected 899 +/- 60 spontaneous
caes). This estimate must be viewed with grest caution. In particular, it is based on the LNT
relationship which, as we explained earlier, isinadequate.

Moreover, the greastest excess of cancers given above were caculated on the basis of studies
of young people who were externdly irradiated, thus irradiated in a manner very different
from the irradiaion of the thyroid by iodine-131. For the external irradiation, the doses were
10 to 60 times greater, the dose rates were 10° & 10° times greater and the externd irradiation
was much more homogeneous than the iodine-131 irradiation.

Conscious of the limitations of their dtudy, the authors themsdves concdude "Teking into
account the methodologica limits mentioned a@ove and the question of whether there is any
risk a low dosss, it is aso possible that the risk of an excess of thyroid cancer, a dose levels
consdered here, isnil"

Other thyroid diseases

In view of the doses to the thyroid in France, it is inconcevable that hyperthyroidism,
hypothyroidism, nodules or chronic thyroiditis might be atributed to the Chernobyl accident.
Hyperthyroidism is never radiationinduced, hypothyroidism occurs only in subjects who
have received a dose largely exceeding 1000 mSv, while nodules and chronic thyroiditis are
difficult enough to discern in the former Soviet Union, even assuming that they exist

Other cancers

Smilaly, cesum-137 contamination, which can produce only a negligible irradiation
compared to the background, cannot be the cause of radiationinduced pathologies, especidly
cancers or leukaemia

It has been cdculated that 15 days camping on the most contaminated area would lead to a
0.015mSv dose and picnic of a youngster eating food spattered with mud a 0.001 mSv dose.
A gadronomic hunter-gatherer, eating contaminated boar and mushrooms every day, would
receive a yearly excess dose of 1mSv, the excess dose a Parisan would get if he were to
gpend six months in Clermont-Ferrand.

Torestore confidence

The French hedth authorities of 1986, and in particular SCPRI, have been reviled ever since
for not taking the necessary preventive measures, as other European countries had, and even
for having ddiberately hidden the truth from the French public in order to protect the interests
of the "nuclear lobby".

Without joining in a debate which is not drictly medicd, let us note that newspapers reported
as ealy as May 2™: "The director of SCPRI announced yesterday that an increase in
radioactivity had been recorded all over the country." This did not keep the press from
writing ten days later, on May 12" : "A radioactive lie: French scientific authorities have
hidden from the public the passage of a radioactive cloud over our territory between April
30th and May 4™." The main concern of French authorities seem to have been to avoid a panic
which, for example, led to a considerable number of unjustified abortions in certain countries

Today we ask whether an epidemiologica inquiry on thyroid cancers in France would be of
any rdevance. Only such an inquiry will permit us to put peopl€'s mind a& ease by showing
that in dl likdihood the Chernobyl accident had no perceptible consequences on French



territory. But an epidemiological study will be meaningful only if it can separaie out the effect

of improved screening for cacer. The later is likdy to be much grester than the effect it
seeksto discover.

In concluson, we would say that the consequences of the Chernobyl accident in France are
probably negligible. Obvioudy it would be better to prove it, but the epidemiological studies
launched by the Government may not be able to supply an absolute proof, due to datistica
uncertainties. On the other hand, in Ukraine, Belarus and Russia the consequences, mainly
indirect, are neverthdess very sarious and judify an effort of internationd solidarity which
remans very pasdmonious compared to needs. This duty of internationa solidarity goes
hend-in-hand with the right to know what happened at Chernobyl.

Glossary
Becquerd - Bq: the unit of radioactivity - 1 Bq = one disntegration per second.
Gray - Gy Unit of absorbed dose - 1 Gy = energy transfer of 1 joule per kilogram

Severt : Unit of effective dose. The Severt was created for radioprotection purposes, it is a
measure of the risk due to ionisng radiation. It is a weighted average of mean doses absorbed
by the various organs or tissues, usng coefficients characteristic of each type of radiation
(alpha, beta and gamma) and coefficients depending on each organ or tissue.

ICRP : International Commission on Radiation Protection (a private self-perpetuating body)
IPSN : (French) Ingtitute for Nuclear Protection and Safety

SCPRI : (French) Centrd Service for Protection againgt lonizing Radiation (which has
become OPRI : Office for Protection againgt lonizing Radiation)

UNSCEAR : United Nations Scientific Committee on the Effects of Atomic Radiation
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Thyroid cancers among youngsters less than 17 when the accident occured
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Figure Il

Maximum efficient dose secondary from accident, cumulated over
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COMMENTARY

Nuclear Earth-Penetrators. a Danger ous Fantasy
A. DeVolpi

As made cdear by Frank von Hippd's ingghtful andyss in the July issue of Physics and
Society (“Does the U.S. Need New Nuclear Weapons?’), the recently disclosed U.S. strategic
posture review reveds an unyielding dependency on a nuclear fantasy: the ill-advised notion that
atomic wegpons can do useful things that conventiond wegpons cant. It is worrisome that,
according to foreign intelligence reports, nuclear wegpors of various types were moved close to
Afghanigan after the 9/11 atrocity.

To reinforce Von Hippd’s point, | would like to add some specifics about earth-penetrating
nuclear wegpons (EPNWSs), especidly with regard to locd “collateral” damage and distant
fdlout, both of which are likdy to create far more unfavorable consequences than acknowledged
by EPNW advocates.

The earth-penetrating nuclear bomb (B61-Modl1l) now in the U.S. arsena could spray
radiation over an area comparable to that at Hiroshima or Nagasaki. The B61-11 reportedly has
ayield that can be “dided” from 0.3 kilotons to 340 kilotons. At the upper end of that range, the
exploson is about 20 times as energetic as the one a Hiroshima. Von Hippd quotes Los
Alamoss Stephen M. Younger as saying that “some very hard targets require high yidd to
destroy them.” In other words, there is a least one EPNW proponent who envisages the use of
yields well above the kiloton range.

Because of their subterranean objective, EPNWSs nust enter the ground before detonating. In
contrast to air burgts (such as the ones over Japan), atom bombs that are exploded a or under the
surface cause much more loca and distant radioactive contamination. They veporize earth and
whatever ese is there -- dl drawn up in the mushroomshgped cdoud mixed with fisson
products. Much of this condenses and descends from the drifting cloud to become intense locd
falout. Asareault, theresdud radiation effects can be serious.

With a surface (or subsurface) burst, the locd and digant fdlout have magor public
dgnificance. When a nuclear firebdl touches the ground, some 50 percent of the totd residud
radioactivity will be gected into the air and stay suspended for a long time while it decays and
disperses.

No EPNW burrows so deep that its explosion will be contained, as shown in a caculation by
Robert W. Nelson, one of Von Hippd’s studentg1]. From Glasstone's The Effects of Nuclear
Weapons, one can estimate that even a 0.1 kiloton EPNW burrowing 50 feet into dry soil would
make a crater with a diameter of over 100 feet [2].

The “locd” fdlout would be deposited in a cigar-shaped “footprint” extending a distance that
depends on the yield of the bomb and prevailing weather.  With a 100-kiloton (fisson) exploson
and a 15 mile-per-hour wind, the radiation-deposit contours for 300 roentgens’hour, one hour
after the burst, could extend about 20 miles [3] (an accumulated dose of 600 roentgens kills
about haf of those exposed).



Many of the people within a mile or two of such a large blast would receive a lethad or near-
lethd dose from the prompt radiation. Fires would be widespread within three or four miles of
the exploson, where they would probably conditute a grester immediate hazard than the
radiation.

According to Nelson, the B61-11 is able to penetrate only about 20 feet in dry eath. He
reckons a mushroom cloud radius of over amile from a 5-kiloton explosion.

Near the low end of the didable yidd, a& 1 kiloton, the 300 roentgen/hour contour is
somewhat more than a mile, covering an area of one or two square miles [3]. Civilians in this
zone who did not quickly evacuate or seek shelter would probably develop radiation sickness,
with perhaps some degths among those within a haf-mile or so of ground zero.

A nuclear attack on deep bunkers could devastate an area consderably greater that the
damage zone a Hiroshima  Many potentia targets are unavoidably or deliberatdly set in
populated aress; 0 nearby collaterd damage (to civilians and the environment) could be
extendve, depending on theyield of the EPNW.

In addition, “digant” radiation falout is intensfied. Subsurface detonation of the EPNW in
the U.S. arsena could send fisson products well beyond the borders of the target.

The aomic bombs used in Japan were detonated high in the ar; so practicdly none of those
casudties have been atributed to fdlout. But the inevitable mushroom cloud from EPNWSs
would disperse wind-borne fadlout not only on the surounding population but dso extending
over adjacent nations and into the worldwide amosphere.  Although the digant fdlout is
unlikey to pose an immediate medica trauma, it tends to be an unaccepteble hazard in the
public's perception.

While locd fdlout normaly fans out to some tens of miles, the very fine paticdes (from a
surface burst that creates an atomic cloud in the troposphere) remain suspended in air for days to
years. In contrag to megaton explosons, which push the paticles up into the stratosphere,
nearly dl the fine paticles from aomic-bomb debris in the kiloton range will generdly not rise
above the troposphere;, so they will remain there until eventudly deposited around the world (by
which time the fdlout is no longer a dgnificant hedth threat, though it would exceed regulatory
and societd thresholds).

The digant fdlout would largely condst of radioisotopes that tend to concentrate in bones
and tissue  drontium-90 (which is chemicdly smilar to cddum), cesum-137(dmilar to
potassum), and iodine-131 (thyroid-prone).

One nuclear wegpons test (“Simon,” 43 kilotons), detonated on 25 April 1953 from a tower
a the remote Nevada test dte, soread radioactive debris over haf of the continentad United
Stateq4].

Regiond aftermaths from exploded EPNWs could be cdamitous. Refugees from the impact
zone would be unwelcome because potentid hosts would suspect (redidticdly or not) that ther
bodies, clothing, or possessons were dangeroudy contaminated. An agricultural embargo would
probably ensue, even if the radiation levels were below reasonable hedth tolerances. Certainly
nation re-building would be severdy hampered by the presence of radioactive territories.

kkhkkkkhkkkk*k

New warheads with a lower explosve yield ("'mini-nukes’) could be devised, but that would



require revison of a 1994 U.S. law that prohibits their development. Also gstanding in the way
are the Comprehensive Test Ban Treaty, the current moratorium on nuclear testing, and the Non
Proliferation Treaty (for which the U.S. pledged not to target non-nuclear wegpons states with
nuclear wegpons). Although dso a party to the African Nuclear-Weapons-Free Zone agreement,
the U.S. in 1996 reportedly contemplated usng nuclear wegpons to destroy an underground
fadility in Libya[5].

In fact, one wonders if these legd congraints are part of the red reason that the Clinton and
Bush adminigrations baked a sgning on to the Internationd Court of Judice. If nuclear
weapons were to be used in violation of treaties and agreements, then the Court might hold U.S.
adminigration officids persondly respongble for crimes agang humanity.

With al these drawbacks, using EPNWSs to knock out hardened or deeply buried targets --
such as leadership bunkers, command centers, buried mobile-missle shelters, and weapon
stockpiles -- would be not be practical ether militarily or politicaly.

Nuclear earth-penetrators have no deterrent value -- they are designed expresdy for war-
fighting. In acquiring and deploying such wegpons, the U.S. would be abandoning dl pretense
that its nuclear forces exist soldly to prevent war.

Nor are they needed. Norn-nudear, high-explosve wegpons can be effective. The Pentagon
has some that can destroy hardened targets at depths of 50 feet and cause extensve structurd
damage a greater depths. Collaterd damage from conventiond warheads would be much less,
gnce there is no radiation or fdlout. Conventiond weagpons have been effective agangt
Tdiban/Al Qaeda sanctuaries in Afghanigtan.

Collateral damage, digant fdlout, and nuclear-wegpon use potentialy add up to
counterproductive consequences of EPNWs.  The message the Pentagon is transmitting to the
world is that the United States is determined to pursue globa dominance by threstening its
opponents with nuclear retdiaion, regardless of the outcome. The symbolic importance of a
policy under which nuclear wegpons are legitimated for warfighting cannot be overdated;, and |,
if actudly used, the concomitant locad devadtaion and the emotion-rousng increment to globd
background radiation would surely trigger severe, world-wide politica reaction.
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Helsenber g, Bohr and the atom bomb
Wolfgang Liebert

What happened in the autumn of 1941 in Copenhagen during talks between the two giants of
science Niels Bohr and Werner Heisenberg? Did Helsenberg at that time want to convince Bohr
to work with him towards the creetion of a German atom bomb? Or did Helsenberg intend just
the opposite, as he later claimed, namey convey the sgnd that the “Uranverein” was not
griving to congtruct a German atom bomb?

A definite and clear interpretation of the meatter does not seem to come into Sght. It is no
wonder then, that there exigs no transcript of the talks ingead, only assumptions, myths,
atempts to underdand the problem and testimonies formulated later on by the erstwhile
participants remain. But even if every spoken word was to have been transmitted to us, only the
context of the war times, their past history and future perspectives could provide us with the
necessary clues leading to our evertua perception of the subject.

The cause of the present debate is “Copenhagen”, the brilliant play by Michad Frayn, in
which he brings to life the meeting that took place between Bohr and Hesenberg. His vivid
andyss focuses on the contents, context and the purpose of the meeting. At its German premiere
in June 1999 in Essen the play was denied a large public response, but engendered rave reviews
in London and on New York’s Broadway. Higorians pounced on it and used it to fud ther
continuing debate about the history of science, a debate that had its roots more within America
than across the Atlantic. In February 2002, the Danish Bohr-archive published a number of
unsent letters written by Bohr to Heisenberg from 1958-62. For the first time, thanks to these
documents, we are offered a private glimpse of Bohr's own interpretation of the Stuation.
Because of this the flames of the argument have been rekindled, not only in the American but
asoin the German press.

The spectrum of reactions Bohr's letters have provoked is wide. It sways from one extreme
of opinion to the other; on the one hand, it has been clamed that the letters have brought
“nothing new higtoricdly” (Durr) and on the other “that Heisenberg, during his vigt, acted like a
'Herrenmensch' in the eyes of Bohr” (Hagner). The physicist and philosopher Gxl Friedrich von
Weizsacker, who was dso involved in the German nuclear program, is now repeating what he
aways ressuringly maintained, that: “We gave up building the bomb in 1941 and only wanted
to built the reactor.” This message was supposed to have reached the Allied scientists through
Bohr. Hemut Rechenberg from the Munich Max Planck Inditute of Physcs backs up this
theory: “All the listed works prove that the scientists involved were only working on an energy
producing reactor.” The scientific journdist Rubner counter-argues that “Heisenberg's case is
representative of the failure of the German dite during the 3 Reich.”

However, there remain a few facts that are hard to doubt and therefore should not be ignored.
Nuclear scientists worldwide redised very soon &fter the discovery of nuclear fisson in 1938
what many of them had suspected for a long time, tha within their research lay an incredible
potentid for exploitation in different fidds of technology. This concerned in paticular the
military sector, a fact that can be proved by numerous datements and newspaper aticles
published in 1939. With the outbresk of World War 11, nuclear scientists around the world began



to serioudy condder the possble deveopment of a new type of wegpon with enormous
destructive powers. Directly after the invason of Poand the Geman ams office
(‘Heereswaffenamt’) grouped together the remaining renowned German nuclear scientists who
were not Jewish and therefore were not forced to emigrate. They were to form a top secret
project of high drategic vadue, in which Helsenberg soon emerged as the intellectud head of the
so-caled "Uranverein” and later on becameits officia leader.

So, it cannot be denied that there was indeed a nuclear weapons program in Nazi Germany.
Compared to the US efforts of the last three years of World War |1 it was quite smdl, but in 1942
it comprised research groups a nearly 20 scientific inditutions and for the first few years of its
exigence it was ahead of the US program.

By autumn 1941 firg results made clear that the creation of the bomb was feasble The
project of uranium enrichment had had a cetan amount of success and the firg smdl
experiments driving for the condruction of an(@) reactor were showing definite signs of
progress. Thousands of dlite soldiers secured the acquidtion of uranium ore and the exploitation
of the Norwegian Deuterium production plant. Weizsicker’s claim, that the scientigts involved in
the project dready knew before the talks between Bohr and Heisenberg in German occupied
Denmark, that no atom bomb could possbly be created, therefore seems highly implausible. It
was even Weizsicker himsdf who, in a report of summer 1940 expounded that a fictive
"Uranmasching’ would produce a transuranic dement outstandingly useful for wegpon building -
later on known as plutonium. It would be comparatively easy to separate and only 10 - 100 kg of
it would be enough to built a bomb. In this way, Weizsicker very early on provided the
knowledge that the way to the bomb can be paved by a plutonium producing reector.

It was not until 1942, after an extensive report from the German Heereswaffenamt and two
conferences in February and June of that year, in which a number of most prominent government
and military figures took part, dongsde the scientists concerned, that the preliminary decisons
for the reduction of German interest into the project were taken. On the 4" of July Generd Fidd
Marshdl Gerhard Milch openly asked Heisenberg, who had reported with the cold rationdity of
a sientist: "How big does a bomb have to be in order to obliterate a city the sze of London?"
Heisenberg  responded quite competently, referring to the active nuclear pat of the bomb:
"About the sze of a pinegpple”” Further questions posed by the military concerned the pardld
development of the program in the US and the time it would take to bring a wegpons program to
completion. Heisenberg correctly answered that a timespan of a least two years would be needed
for the production of materid within a reactor, due to the scade of scientific and technologicd
enterpriseit required.

The Miniger of Arms, Albert Speer, offered the scientists financid support, to which they
regponded with the modest demand of a rase in ther budget by severd ten thousand
Reichsmark. The decison-makers came to the logicd concluson tha this project was not going
to be one which would decide the outcome of the war . The raise was however accorded, but
with the result of a "fird class dae funerd”, as Erich Bagge, another nuclear physcig involved
in the project, put it. At the same time, the Allied paradld project overtook its German opponent
and from 1942 on the USA built up an officdd research and indudtrid program, larger than
anything that had ever taken place before, with the single god of developing a nuclear wegpon.



Open ended quedtions dill remain. For example, why was the development of a bomb
through uranium enrichment (as it was done in the US, leading to the Hiroshima bomb) not
enforced? Was the true cause of this the rivary between the different groups of German
scientists and the tacticd moves propounded by them? In this way, was the seemingly more
'degant’ path, namdy the use of plutonium (which led in the US to the Nagasaki bomb) pushed
to the fore? Or was this decison based on wrong cdculations, which predicted the critical mass
of the uranium a too high a level? This migake would have led the scientists to believe that
there exised a number of insurmountable technical obstacles. Or was the decison caused by the
setbacks due to the bombing by the Allies of the early test areas? Was it just a question of
incompetence on the part of the politicd decisonr-makers (or of the physciss) themsdves? Did
Heisenberg's group of scientists want to avoid being quartered in barracks for the rest of their
research time like the colleagues in the V2 rocket program? Or, as some people till hope, was
there more to their actions than meets the eye, and were they in fact hatching aclever plan to fail
the whole nuclear wegpon program? In any case, the German project was put on the back burner
and caried on quietly. The whole Stuation was hanging in the baance and the German stientists
were teetering on the brink of tipping it and building abomb for Hitler. Thank God they did not.

Many further aspects are 4ill to be consgdered. Among these, the ongoing generd feding of
the Germans in Autumn 1941, that victory was amost certain, or the role of the hard-liners (like
Bagge, Diebrer or Harteck) within the German program who were staunchly in favour of the
bomb. The need for judification weighed heavily upon the shoulders of Heisenberg and his
theoreticians, who, on the one hand, tried to reindtate their so-caled ‘jewish’ and therefore
intolerable quantum physics againgt the fierce accusations of the supporters of the "Deutsche
Physk”, on the other hand, however, they wanted to use the importance of their science with
regard to the war as an argument. Heisenberg's role in the "Kulturpropaganda’ of the 3¢ Reich in
the occupied countries also needs to be put into question.

In the end it seems tha the nuclear scientists of the war do not set a good example with
regard to dedling responsibly with the process of discovery and way it an be shaped by technica
and political means. This represents the actud core of the debate, of which the meeting between
the former friends and colleagues Heisenberg and Bohr could be seen as its culmination point.
The key quedtion, the one which reveds itsdf to be redevant to us today, lies hidden benesth the
auface of wha actudly happened: How far should research with potentidly dangerous
consequences be dlowed to go before it gets out of hand? How much do we have to take nationd
power relations and the outsde influence of internationd politics into account? To what extent
must the perception of foreseeable consequences influence the way a research project is
conducted? From this point of view, this type of criticd question must dso be asked of the
participants of the Britist American nuclear wegpons project. Why did only one of the members
of the Manhattan project (Joseph Rotblat, winner of the Nobd Peace Prize in 1995) leave the
program in 1944 &fter the Allied secret services were able to give the dl-clear that the German
nuclear wegpons program had not come to sgnificant results? The study of the history of science
can and should help us to answer these complex and underlying questions , leading to a better
understanding of today's science.



The padble of “The resgance of Geman nuclear scientists’, which is told with good
intentions by Robert Jungk in his book “Brighter Than a Thousand Suns’ has now, in any case,
been obliterated by the publication of Bohr's texts. “You related how n the preceding years you
had devoted yoursdf dmost exclusvely to this question [that of nuclear wegpons] and were
quite certain that it could be done, but you gave no hint about efforts on the pat of German
scientists to prevent such a development.” Doubts about the true resstance of the German
scientists had begun to grow dready in 1993 &fter the publication of the transcripts of the
bugging in England of interned German scientisgtsin 1946.

But inconsgencies ill remain, just like they do with the question of nuclear wegpon plans
in the young Federa Republic of Germany. In this Stuation however, Helsenberg, Welzsicker
and a number of other nudear scientists knew exactly where they stood. With the “Gottinger
Erklaung’ of 1957 they refused publicly and explicitly Chancelor Konrad Adenauer and his
Miniger of Defence Franz Joseph Strauss their possble participation in a nuclear wegpons
program. However, their willingness for the further and unconditiond deveopment of “cvil”
nuclear technologies did everything but hinder the fact that a lees dl materid-technologica
prerequistes for the possble production of an aomic bomb were dso prepared in Germany.
Once again, the acquisition of plutonium was the main focd point.

The dilemma must however have been cdear for a long time for dl people involved: Civil-
military ambivaence is inherent to nuclear science and technology. It is exactly this matter that
deserves true andyss and interpretation. Where is it impossble to drav a clear line between
cvil and military aspects and where an how can this be made possble? Which intentions are the
driving force of those scientists, politicians and economists who take part in the projects? Which
consequences are we faced with? Which dternative pahways are serioudy teken into
condderation in order to avoid potentidly dangerous developments? Which of these gill exist
today? In the meantime, these problems are not only those of the historica figures Bohr and
Heisenberg, but now they have generd importance in our everyday dedings with the world of
science and technology.
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Copenhagen in Europe
Why not the same debate asin the US?

Jean-Jacques Salomon

Why is it tha the production of Copenhagen in New York did not lead to the same intense
discussons in London or Paris? The reaction in Paris was, as in London, extremely postive to the
play as much as to the actors, the three outstanding and superbly led by the same director as in
London: a red theatricd success. For those who didn't know anything about the story of the
building of the atomic bomb, it was the discovery of some of the ethica issues a stake in a piece of
history which precipitated not only the end of World War I1, but aso opened up a New World (as
qudified by the title of Hewlet and Anderson’s account **please reference this**) doomed to live
for ever under the threat of a nuclear warfare And for those (scientists, politicd scientists,
journdigts, etc.) who were aware of this story and its strategic stakes, it was a theatricd show whose
recongruction of the dramatic didogue between the two geniuses, the master and his disciple, could
indeed be chalenged in some parts, but did stand with great tdent on its own legitimacy. By the
way, a the peformance | atended, the theater was full (most likely with reservations organized by
sdentific Unions) of members of the Nationd Center for Scientific Research (CNRS, the public
indtitution supporting basc science) who obvioudy discussed, a the end, the dory they were
confronted with. But, apart from the most favorable reviews in the press and the nedia, no debate
took place asintensdly asin the United States.

| persondly, knowing the story, having read dmog dl the literature and being familiar with
many of the actors who took part in The Manhatan Project and having written often about it (to
dat with, Science and Politics, MIT Press, 1973), | certainly had questions about the red
moativations of Heisenberg's vist tha Frayn's play did not redly answer or clear in my mind, but |
amply considered that the author of a play is absolutely free to write or rewrite history as he wishes
or can — granted that it is a red good piece of literature (which is indeed the case, in my mind).
Even if this gory is dill close to us, with some survivors dill, there is no reason a dl to reproach
the author for presenting (or occulting) the various possible explanations of what the red purpose of
Hesenberg's vist to Bohr was. The vdue of good playwriting is certanly not its historica
accuracy. Moreover, how far the play gave a “red” higtoricd account may appear in the future as
derisory as to try to know, between Shakespearean specialists, whether the reasons expressed on the
gsage by Henry the 1Vth to cdl to the Crusade were exactly those of the “red” king, or whether he
“redly” died in “the room called Jerusdem”.

All the more s0 since, when the play was produced in Paris and later on in New York, Bohr's
famous letters were ill supposed not to be released before 2012. The unsent letters were the
mydery that judified Frayn to think of writing the play — one of its basc themes being the
difficulty, if not the imposshility, to determine why Heisenberg mede his vist, in spite of al that
was sad later on by Heisenberg himsdf, and, in particular, von Weizsicker, or their disciples and
the various and divergent historians who wrote about it. And now that the unsent letters are no
longer a mydery, it is far to acknowledge that — except for very smal points not redly new, but



confirmed — Heisenberg's vidt remains a mystery, so much that Frayn was wdl advised and gifted
to organize his play around its “ debatesbility”.

What may appear as new doesn't help to understand what Heisenberg “redly” tried to convey to
Bohr: det him, oy upon him, or even threaten him; but it underlines how deeply Bohr was
shocked by Helsenberg's conviction (in September 1941) that Hitler would win the war, by learning
“that everything was being done in Germany to develop atomic weagpons’, that Heisenberg “had
soent the last two years working more or less exclusvely on such preparations’ and that “it was
quite foolish to maintain the hope of a different outcome of the war”. How could the patriot Bohr,
dready involved in the Danish Resstance, tolerate Heisenberg's gpped to “cooperate’” (which had
no other meaning but “ collaborate”) with a triumphant Germany ?

The number of drafts of these unsent letters show how precisdy Bohr tried to memorize again
and again wha was sad (or not sad) during Heisenberg's vist, and how deeply he felt deceived by
Heisenberg's and von Weizsacker's  explanation given to Robert Jungk (who later on said indeed
that he had been manipulated by von Weizsicker). At the same time Bohr admitted, with some fair
indulgence for somebody he conddered amost as his son, that he understood that “it may be
difficult for you to keep track of your thoughts and express yoursdf at the various stages of war, the
course of which changed as time passed so that the conviction of German victory gradudly had to
weeken and findly end with the certanty of defeat”. Of course, one year and a haf after the
Copenhagen vist, Stdingrad had fdlen, the United States had entered the war, the fina fate of the
Nazi regime was obvious and the German program for an atomic bomb was dmost stopped for the
sake of more urgent and feadble priorities such as von Braun's missiles. In the paradise or the hdll
where Copenhagen takes place, this “didogue of the dead” is not and has not to be directly affected
by “the various stages of war the course of which changed’. It is reveding that it is Bohr's wife,
Margrethe who, like the chorus in Greek tragedies, aways cdls the two men b go back over facts
and dates.

But then the red quedtion remains. why such a debate in the US — and dmogt as intense in
Germany — but not in France or England? The answer may smply be that what was then at stake
— a Geman victory as expected, if not wished for, by Hesenberg thanks, perhaps, to the
avalability of Nazis atomic weapons, as opposed to the find bombing of Hiroshima and Nagasaki,
the result of an American program mainly meant to precede the German nuclear threet —was out of
European hands. Some have thought (Goudsmit, for ingance, who led the Alsos mission) that the
Manhattan Project was a race for the bomb with Helsenberg himsdf. And when Goudamit
discovered that von Weizsicker's laboratory in Strasbourg hadn't gone very far and tha
Hesenberg's reactor had never worked, the Alsos misson was like Don Quixote fighting the
windmill — difficult to digest. Yet, from then on, the advice to control or decide on the launching
of the bomb was no longer (if it ever was) in the redm of British or French scientists influence.
Remember that Joseph Rotblat, who later became Secretary Generd of the Pugwash conferences
and won the Nobd prize for peace, left the Manhattan Project precisdy after the German defedt.
Launching the bombs on the Jgpanese cities was an exclusvey American decison (athough of
course, many ex-Europeans in exile took part in their building and some tried desperately to affect
the decison, such as Szilard and Franck).

The core of the American and German debate resdes in what Frayn clams about the
“epigemology of intentions’ which is what the play is about (“Copenhagen Revisted’, The New



York Review of Books, March 28, 2002, p. 23). His Heisenberg is saying that “Bohr will continue to
insoire regpect and love, in soite of his involvement in the building of the Hiroshima and Nagasaki
bombs, and he himsdf will continue to be regarded with distrust in spite of his falure to kill
anyone’. By the way, if this doesn't change what the play is about and its vaue, it is one example of
Frayn's digortion of history. Actudly, Bohr didn't play any important role in the building of the
bombs, on the contrary, suspected after his talk with Churchill to be communist and excluded from
Los Alamos, if he ingpires repect it is because of his very early and continuous fight for an
internationa agreement againg these wegpons. And Heisenberg ? True, he didn't kill anyone — not
more, not less than Bohr. He was not a dl a Nazi and he was effectively threatened by deeth in a
SS newspaper denouncing him as a “white Jew” who, following Eingein’'s theories, didn't trust the
“pure aryan physics’ of Stark and Leonard. But, true again, he was protected by Himmler himsdf
againg the SS, not necessarily because he was a great scientist, but perhaps because in a smpler
fashion his faher was a friend of Himmler's father, both having been teachers in the same
eementary schools and their mothers were very close friends. And not only did he take part in the
building of German weagpons systems, he dso congdered that Hitler's offensve agangt Russa was
judtified and his nationdism was such that he didn't see, at least up to the end of 1941, any problem
in Hitlers victory againg the Allies.

Whatever Heisenberg's motivations were, he didn't come to Copenhagen to warn Bohr on the
ethica dimensons of the nuclear venture in such a way tha it should or could refran the Allies
from going ahead. Between the two extreme interpretations — converting Bohr to the rightness of
collaborating with Germany, trying to find out what Bohr may have known of the Allies program
— there are ill many other possble interpretations that Frayn's play exposes very well without
exhauding the mystery. Obvioudy Bohr has been much more angered in his unsent letters then in
Frayn's play: time and “the didogue of the dead” make great minds more indulgent to each other's
intentions. But one could aso condder ther intentions in a very different manner:  for indance, that
the red hero was Bohr, patriot, dready part of the Danish underground, definitively opposed to the
Nazi domination on Europe, convinced dready in September 1941 that Hitler could not win even if
he was then close to occupying Moscow, and who helped the Danish Jewish community to escape
to Sweden just before he himsdf left his country, whereas Helsenberg led — after dl — the
German nuclear program, believed that Hitler could win and that destroying communism was the
most urgent target, and didn't show much concern as to the concentration camps and what they
implied.

This is where, it seems to me, the “episemology of intentions’ has different meanings in the US
and in Germany, but it presents no reason to mobilize the other Europeans towards the same
committed discussons. There were of course French scientists who took pat in the Manhattan
Project, notably the group of F. Joliot-Curi€'s disciples who worked in Montred on the heavy water
reactor. The last survivor, Bertrand Goldschmidt, died this year; he could have explained, as he did
in many books, how this part of the Project was consdered as less important and not well supported
by the Americans. All were even more excluded than their British counterparts from the decison
making process which led to the atomic bombing of Japan. This is dready one factor which may
explain that the controversy raised by Copenhagen was not part of ther persond involvement as it
was for the other European scientists (German, Hungarian, Dutch, etc) who were directly



associated to the building of the bombs and who had a say, dthough it was not taken into account
by Genera Groves and President Truman, on the decision to launch the bombs on Japan

From the American dandpoint (incduding, of course, the European <cientific émigrés),
Heisenberg was anyway guilty of two sins. Firg, invited to say when he visted the US in 1939, he
decided to come back to Germany and thus, as in Albert Hisrchman's enlightening andyss in Exit
and Voice, he couldn't appear as disapproving the regime and became it's “objective’ accomplice
— which he was, no doubt, a least up to 1942. And thus his vigt to Bohr has for ever raised in
some American's eyes the suspicion that he could have won the race with them — if s0 many
factors beyond his will or good faith had not interrupted, after two years, the German effort in this
field in which he was then, without contest, the most competent, and the main, leader.

Secondly, and more important, thanks to von Weizsicker's sdf-aggrandizing propaganda
transmitted by Robert Jungk, the clam that Heisenberg has been spared ethicd dilemma is even
much sronger than in Frayn's play. Here, we are very far indeed from Oppenhemer's sense of
guiltiness when he told Truman, following Dean Acheson's interview, tha he “had blood on his
hands’ — and was immediately consdered by the Presdent as a “damn fool” (New York Times,
October 11, 1969). In von Weizsécker's verson, which he never ceased to defend, the German
nuclear scientists kept their hands as clean as possble, as for ingance when he wrote in his
Bewussteinwandel that “Higtory will record tha the peeceful deveopment of the uranium engine
was made by the German under the Hitler regime, whereas the Americans and the English
developed this ghaestly wegpon of war.” It was, no doubt a ghastly weapon and the hydrogen
developments which did flow under the Cold War have become even more evil (as Rabi said). Yet,
gpesking of the “peaceful” nuclear activities of the German physicists under Hitler may gppear to
their American counterpart as a provocation, as if such “peacefulness’ could occult what was the
cod in terms of horrors and victims of the Nazi regime in Germany as well as in the occupied
European territories. And, by the same token, what was the cost of the Japanese horrors and victims
in Asa

Such an interpretation tends of course to obliterate what Bohr underlined in his unsent |etters,
namely that he and Heisenberg “had to be regarded as representatives of two Sdes engaged in a
mortal combat”. In “the didogue of the dead”, in paradise or hdll, this mortal combat appears as
belonging to another world and time. Certainly not for the Americans (survivors or successors of
the nuclear complex) concerned by “the decision to launch the bombs’: if, as Oppenheimer said,

“physics has known sin”, von Weizsacker' s vergon tends to imply that such snfulnessis
exclusvely on the American sde— and if not a al on the German one, at least in such away that
one could forget or forgive what were Hitler' s crimes and intentions.

Let me underline that few Europeans, French or British, would not consider that such a
interpretation is unbearable, and if they would be consulted, as| was by Physics and Society, | am
ready to bet that al would conclude that any version presenting Heisenberg's motivations as
“innocent” or “neutrd” in September 1941 isludicrous. But the debate is not theirs, if what is
basically at stakeis not the building of an aomic bomb, but the mora decison to drop it. It remans
that von Weizsdcker’' s argument seems to exclude by definition that, if Hitler or Himmler or Speer
would have taken more serioudy the program led by Heisenberg — and if they would have had
available the materid and technica resources to build the bomb, the fate of Europe might have been
quite different. In such circumstances, could Heisenberg have been in position to resst such a



pressing national mandate, or even to resist (as Oppenheimer said of the building of the H bomb)
the “pleasure’ to find such “technologicaly sweet” solutions? Nobody knows the answer, and if
voicing in atotaitarian regime to the point that one chalengesiits orientations implies thet oneis
ready to martyrdom, it hardly could be said that Heisenberg was of such stature. Bohr saysin his
unsent letters that “there was no hint on your part that efforts were made by German physicists to
prevent such an application of atomic science.” And there is no proof that Heisenberg and his
colleagues did, or even attempte to, torpedo the nuclear project: their discussons when they were
prisonersin Farm Hal don't lead a dl to such aconclusion.

The very fact, it seems to me, that nobody can demondrate that Helsenberg made any effort to
prevent work on wegpons is enough for the American sde to baance ther possble sense of quilt
againg the good conscience of the German scientits who clamed after the war that they avoided
— thanks to Providence —shaing the same ethicd burden. | may add that this American passonate
senstiveness is best illustrated by the reproach made to the play that it did not put a greater stress on
the persecution of the Jews. In particular, Lanrence Rose, “the most outspoken critic of Heisenberg
and (the) play” as Frayn himsdf noted in Copenhagen’ Revisited, who “managed to detect in it a
subtle revisonism’: dnce the cdculaion of the criticd mass (which persuaded the Americans of
the possbility of building a nudear bomb) was made by Frisch and Ferls, German and Audtrian
Jewish émigrés in Britain, the Heisenberg comment in the play on this “higorica irony” implies to
him that Frayn attempted to blame “the Jews’ for the bomb's invention. Redly, this looks to me as
dupid as the fact tha any criticiam to day of Igad’s policy, even coming from a Jew, is
immediatdy consdered as an act of anti- Semitism!

Moreover, it tends to ignore (as usud in most American literature on the subject) the following
historical facts: dready in May 1939, before the beginning of the war and thus much before the
Maud Committeg's conclusons were transmitted to the US, F. Joliot-Curie's team had deposited
within the CNRS three patents - one on nuclear energy production, two for the building of an
atomic bomb; aready in the early months of the war, a program was launched for a reactor based on
heavy water; that Francis Perrin correctly caculated the necessary critica mass, and that they had
dready thought of preparing a Ste for an experimentd exploson in the Sahara. It was indeed the
French team which derted their British colleagues to create the Maud Committee (see for instance,
in addition to Bertrand Goldschmidt’s persond accounts and Margaret Gowing's history of “the
atomic rdations between the Allies’, Spencer R. Weart, cientists and Power, Harvard University
Press, 1979, trandated into French as The Great Adventure of the French Atomic Scientists :
Scientistsin Power, Fayard, Paris,1980).

But then who today is in a pogtion to judge Heisenberg? As Bohr was a Danish patrict,
Helsenberg was a firm nationdist. That may be enough to explain that if he chose not to exit, it was
in order to save the cause of German science againgt the pseudo aryan physics and, after 1942, to
prepare himsdf to hdp rebuilding Germany after the Nazi collapse. We smply don't know, in spite
of the rdease of his unsent letters, whether Bohr, shocked and angered by Helsenberg spesking of
collaboration, misunderstood his intentions or understood them too well. How and who can judge
today those who have chosen to dtay in a totditarian regime rather than to emigrate, even those who
have — more or less rductantly, as was Heisenberg' s case — worked for it?

Agan Albert Hirschman's Exit and Voice has definitive concusons on what it costs to try to
change from the inside a regime that one contests or even clams to fight. Here “the episemology of



intentions’ is inevitably confronted with objective roles which open the door to endless

interpretations. Who can decide, following Shakespeare, that Caesar was or wasn't an honorable

man? Beyond this debate, clearly redricted between Americans and Germans scientistls — if one

takes for granted that they raced a a certain stage of the war for the same objective — there cannot

be a definitive ansver. A close friend of mine a brilliant French physcig, has concluded, after

having much enjoyed Frayn's play, that the mystery of Heisenberg's vist remains and will reman

in a quas- Hesenberg fashion an “undecidable affair” that nobody can ether clear nor judge
Which meansthat thereis till room for another excdlent play.
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The Role of German Physicistsin WWII Science
Harry Lipkin

| keep being amazed at the stuff written about the role of Helsenberg and German scientists
during World War Il. The emphasis on the bomb, which played no role during the European war,
obscures the enormous efforts of American physicigs on the military R&D during the war which
had an enormous impact, and the fact that there was no counterpart in the German war effort.
The German government did not appreciate the fact that scientists could contribute usefully to
the war effort; the Americans and British did. Nikolaus Riehl, who directed the German uranium
production plant and was grabbed by the Russans immediatdy after they entered Berlin to do
the job for them, dtates in his memoirs that "Hitler and dl the men around him were intdlectualy
incgpable of underganding how so much energy could come from anything as smdl as an aom.
Rockets they understood because they made noise.”
| was a the Radiation Lab a MIT working on microwave radar where many hundreds of
physicigts, perhgps nearly a thousand, were working fulltime on the war effort, including top
phydcigs like Rabi, Alvarez, Purcell, Bloch, Dicke, Schwinger, Uhlenbeck, Goudsmit and more.
Even Hans Bethe spent severd years a the Rad Lab working on radar before moving to Los
Alamos. Their counterparts in Germany evidently did no war work a& dl. While our microwave
radar annihilated the German submarines in the Atlantic, the Germans never knew what hit them;
they did not redize that radar was feasble a& microwave frequencies and never thought of
recruiting ther top scientists to try to hep them figure out why they were losng submarines.
And Luis Alvarez devedoped the GCA which endbled planes to land in bad weather and
incidentaly invented the ar controller which is now the crucid festure of our ability to schedule
commercia flightsin dl kinds of wesather.
Heisenberg was free to work on a nuclear reactor, when the authorities knew that it would
not produce any useful wegpon during the European war, and devote a large part of his time to



cosmic ray resarch and other activities. In the U.S. anyone with his ability would have found a
nichein the war effort.

Has the Forum on Physics and Society ever looked into the real activities of science during
World War 11 and this basic asymmetry between the German and Allied approaches?
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Creating a New Past: Heisenber g and Radioactive Decay
Alvin M. Saperstein and Betsy Pugel

One of the lessons quantum mechanics draws from the familiar phenomenon of
radioactive decay is the nucle's lack of memory. Each nucleus is "unaware' of whether it has
just arived in an excited gae or whether it has been in tha date for a very long time. In
short, a lack of a physcad memory means that individual nuclel have no past. Eyewitness
accounts of events are often clouded by the associative nature of human memory, which biases
the account, caling into question what we cdl "the past.” How dmilar is the biased nature of
eyewitness accounts to the nucle's lack of memory? Without delving into issues of the
guantum nature of consciousness, which often leads to misrepresentations of physics, this
commentary atempts to rase the following questions Can an andogy of the memory of
nuclel be gpplied to the manner in which we remember events? Can people have no past? Can
deliberate absence of past explain the actions of those German physicists, who having tried but
faled to make “the bomb”, sensdesdy groped in attempts to grasp the mord high ground over
those individuas and nations who had crested and used nuclear wegpons in WWII, namdly,
the United Kingdom and the United States?

The play, Copenhagen recently reminded many of us of such andogies between physics
and human behavior. Copenhagen explores the post-mortem attempts by Danish Niels Bohr,
his wife Margarethe, and German Werner Heisenberg to recongtruct what happened to them at
their infamous September 1941 meeting in the Nazi-occupied Danish capitd. The author,
Michad Frayn, built upon the “Complementarity Principle’ of Bohr and Heisenberg's
“Uncertainty Principle’ to reved his characters inability to underdand or communicate with
each other and to attain perspective on ther place in the world. This is best shown by
Margarethe, who, a one point, comments to Helsenberg that he sees everything in the world
but himsdf.

The play emphaszes the ingbility of the two phydcigs to communicate with each other.
Also evident, though not emphasized by Frayn, is Hesenberg's inability to communicate with
his own pas, his lack of memory. This is bet exemplified in discussons between
Heiserberg, Welsacker and a group of other Nazi and "non-Nazi" German “bomb physicigs’,
discussons secretly recorded by British intdligence while the German physcids were



confined a Farm Hal, an English manor house, a the end of the war in Europe. This inability
to assess ther past actions dlows Heisenberg and his colleagues to create a new past
whenever needed. Unlike some religious converts who, dthough "born again®, are well aware
of thar own pagt "snful" life as they awaken to a new life of grace these fine physcists
seemed oblivious to their "red past" (as observed by others) as they went about deliberately
cresting a"'new past.”

The lack of memory is dso gpparent in the attitudes of the many German scientists, who,
if kindness is afforded to ther actions, could be described as "turning a blind eye' to the
horrors which took place in Nazi Germany, continuing to work on wesgpons research for the
ske of its intrindc physcs interest and their intense nationdism. They gpparently could not
understand the post-war repugnance with which they were greeted by their former scientific
colleagues of pre-war days. Ther actions illudrate the associative naure of the human mind,
the ability to disregard the “excited date€’ that one is in and function a a normd levd of
operation.

This disgppearance of "red past" has been demondraed by severa historians and
physcigs including: Paul Lawrence Rose in Heisenberg and the Nazi Bomb Project: A Sudy
in German Culture; Jeremy Bengein in Hitler’'s Uranium Club, which contans his
commentary adongsde the recorded Fam Hal diaries. Not only are the members of this
diginguished group of German physicits unaware of ther mord past, they create for
themsdves a new history of physcs and a new understanding of physics with no gpparent
memory of their previous activities or accomplishments in the same fidd of research. In spite
of a great ded of evidence to the contrary, this group crested, post-war, a past in which they
understood, from the beginning, the physics of "the bomb". They could have built a bomb if
they so desired, but they did not so desire!  The contrary evidence of bungled and misdirected
research includes ther own writings in German physcs journds and Army Wegpons Bureau
reports as well as recorded statements to scientific and political meetings.

In a world of resurgent tribaism, it is gppropriate that the play forces us to contemplate the
triba loydties of some, othewise very rationd, German physicigds. They remaned in thar
Geaman “motherland” to "protect” the next generation of German physciss Despite the
evident Nazi dedruction of ther beloved science, Heisenberg and his colleagues refused to
emigrate, congdering themsdves "nonrideologicd™ and "non-paliticd”, as they worked on
wegpons research for the German military establishment. This should be contrasted with those
many German physcigds who left Germany to druggle againg such tribdism and support
more humane gods.

Much of literature has been devoted to pondering about the difficulties of human
communication: one facet is the difficulty of eyewitnesses achieving mutua agreement on
observed events. In addition to, Frayn's Copenhagen, the Japanese movie Rashomon comes
immediately to mind. Here, we are raisng concan with the falure of dngle individuds to
communicate with their own pasts. It would be very interesing to have a Frayn develop a
play about people of formidable intdlect, but with no past - a human andogy to our
understanding of radioactive decay. The resultant physics play might be caled “Berlin® rather
than “Copenhagen’.  (Perhaps such plays, without a physcig “hero’, have dready been
written?). Hopefully, it would aitract the attention of the physics world as well as of the non



scientig world, dl of whom would recognize that the human falures and strengths dramatized
in such a play would be characterigtics not only of the physicist, but of the human being.
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LETTERS

A New Challenge from the Creationists

| am writing as the results of the Kansas primary dection are in. There was a light voter turnout,
and as feared two of the pro-science incumbents lost. We are clearly headed back toward
ggnificant power in the hands of those with a rdigious agenda againgt science. Just as when the
earlier batch were dected, the dectorate was adegp in the absence of an overt emergency, and
woke up after the damage was done.
There is a contested race in one didrict: L. D. Angine of Hutchinson, Kansas has taken a pro-
science postion.  Persons with an interest in this issue should watch the outcome of this race in the
November eections.
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A Reaction to a Reading of Jeff Schmidt's*” Disciplined Minds”

The politics of professond work, which is the subject of Jeff Schmidt's book entitled
"Disciplined Minds' beongs squarely in the agenda of the Forum on Physics and Society. In
addition, much of Schmidt's discussion, and especidly his pan, gives an egrie sense of deja vu to
anybody who has read women's complaints about the professiona world of physics.

Schmidt's basic thesis is that professonas work in the context of political agendas (...no debate
from me on that...) and that professonds training is designed to weed out those who do not possess
the requiste compliance, obedience, submissveness, etc, tha will be demanded of them in ther
professona lives (... have serious doubts about the vdidity of such an extragpolation...). He even
makes the argument that politica, as opposed to technicd, criteria are primarily what determine the
form of the certification barriers varioudy cdled qudifying exams, prelims, ords, €tc.

| must admit that much of the anger and agony that saturates Schmidt's pages reminds me of the
horrible fedings | sometimes had as a graduate student and podt-doc. It is naturd for people who
are edtablished in their professons to forget about what it was lke to be in a very vulnerable and
insecure pogtion.  To me, Schmidt's book read like it was from someone who never found a niche
[dthough it might be more proper to say that Schmidt rgects the mord vdidity of most such
avalable niches| and who feds the need to tell the world what hell goes on a the bottom of the
food chain.

| have very little argument with Schmidt's viewpoint that professonasactivities are, in
probably most cases, dictated by politica forces. However, my interpretation of the sgnificance of
this is quite different from his. In particular, | don't think that professonas are, or even should be,
somehow excused from or exempt from the omnipresent politicd nature of the life of homo
sapiens. | beieve that it is a nave, and ultimatdy fase, assumption or hope tha the work of
science is supposed to be carried out primarily within a context of “Love of Truth and Beauty’. Put
bluntly: Why should any scientig think that he or she, by virtue of merdy loving science, should be



consequently insulated from the nadier characteristics of exigence of dl other human beings,
induding  compdtition, manipulation,  domindion, lying, betrayd, theft, intimidation,
degradation...(I guess that's enough of alist for now...you get theidea...)?

Of course, one can reasonably ask, "Might it be possible to create a culture within science that
is rdatively free of such nagtiness?' | think that the answer is probably "No" because science is
just another tool of our species for survival. Insofar as tools resulting from scientific work lead to
the accumulation of power, wedth, and other forms of "biologica free energy”, science is not
exempt from, but rather is very much a part of, the processes of natural sdection. Therefore, dl the
competition, manipulation, domination, struggle, c, that is found in the world of science, whether
it be in the life of a graduate student struggling to pass quas, or an assgtant professor struggling to
gan tenure, or an indudtrid scientist trying to avoid layoff, is a naurd part of exisgence within the
biosphere.  Put smply: Scientigts, too, are subject to the brutal forces of natura selection because
sientigs ae living things. Schmidt's apparent bdief that scientific activity should be motivated
primaily by the love of ideas and/or a burning curiosty does not take this biologicd fact of
scientists existence into account.

One immediately precticd agpect of these discussons concerns many women's complants
about males behaviors in the professonad physcs world. Almost every time | read a narative
from a woman scientist about bad or insengtive trestment a the hands of a male scientist, | am
reminded that |, too, was S0 migtreated (or at least felt uncomfortable) & some point in my working
life as a scientidt, or ese | know of another man who was so (or much worse) migrested. This is a
very important consderation because probably no policy changes anywhere can diminate the
politicd nature of humans rdations with each other. As far as women's professiona lives are
concerned, dthough we might try to distinguish between brutdities and injustices that happen to
anybody vs. those that hgppen to women specificdly, | serioudy doubt that making such
diginctions is easy, or even possble in many cases. The sad truth is that sexud discrimindion in
sience will be passe when women scientists, too, can compete, brutdize, manipulate, and
dominate scientists with the same frequency and gusto as their mae counterparts. (It will be like
the Virginia Sims commercid used to say, "Y ou've come along way, baby...").

| redize that the viewpoint that | take above is not pretty, and even perhaps less pretty than that
taken by Jeff Schmidt. However, | think it more accurately describes the posshilities (and
redities) of professond life, and it hopefully is useful in the ongoing struggle to improve science
by making participation in the professons of science more inclusive,

Jeffrey Marque
San Mateo, California
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Women in Physics and Scientific Literacy

Meg Urry presents a fine account of the recent Internationd Conference on Women in Physics
(P&S July 2002, pp. 11-13). Tha conference covered many important topics bearing on the
deplorable dearth of women in phydcs but it left out one crucd item. That item is scentific
literacy for al citizens around the world. Despite the importance of this topic for women in physcs
and for the scientific devdopment of dl naions | have found that it is nearly ignored at
international physics education meetings, and indeed a most meetings in the United States.  Yet the
American Association for the Advancement of Science has sated in no uncertain terms, in its study



Science for All Americans, that "The life-enhancing potentid of science and technology cannot be
redized unless the public in generd comes to underdand science, mathematics, and technology and
to acquire scientific habits of mind;, without a scientificaly literate population, the outlook for a
better world is not promising.”

Urry's article does, in fact, mention this topic when she gtates in her introductory paragraph that
"a more scientificdly literate public, one tha incudes girls and women educated in physcs, will
lead to more public support of science” But her subsequent report on the meeting itsdf ignores
thistopic, presumably because the meeting ignored this topic.

Wadl-taught high school and college physcs courses amed a scientific literacy for nont
scientists would help increase the interest and participation of women in physcs. Such courses can
attract women by showing nonscientists that physics is comprehensible and rdevant to their lives.
Humanely taught courses for nonscientits can gradualy replace today's image of an inherently
measculine physics that has often worked to dominate or conquer nature.

Physics courses that are relevant to the needs of our times--as dl science literacy courses should
be--will indude physcsrelated societd topics such as globa warming, the methods of science,
pseudoscience, and technologicd risk. In my 25 years of experience in developing and teaching a
large-lecture course of this type, | have found that women are particularly attuned to such human
centered topics. If more courses of this sort were taught around the world, women and men dike
would discover that physicsis an interesting, rlevant and humane profession.

Unfortunately, many U.S. physics depatments teach nothing for non-scientists, most nor:
scientists courses are smal, and such courses have a priority lagging far behind courses for mgors
and other scientits.  The gtuation is even worse in other nations.  Attendance a many internationa
meetings has taught me that scientific literacy is even more ignored around the world than it is in
the United States. Few nations teach physics courses directed at the non-scientific mgority of ther
citizens, a ether the secondary-school or university level. Ingtead, physics education is directed
nealy uniformly a future scientigs.  This narow focus of the international physics education
community is an important contributor to the dearth of women in physics.
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Energy: Science, Policy, and the Pursuit of Sustainability
Edited by Robert Bent, LIoyd Orr and Randall Baker
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That our society is deeply dependent on energy should come as a surprise to no one.
Consequently, the possbility that our energy sources could be running dry is quite troubling.
This book is an impressvely wide-ranging and multidisciplinay survey of the problem of
supplying our society with the energy it wants in a sustainable way.

The book tends to do a good bit of dwelling on the obvious. Few will be shocked to learn
that energy resources are limited and thelr use environmentaly damaging, nor that our demand
for energy is rapidly growing.  Our limited resources will soon be unable to meet this demand.
Qil is chegp, and people are not as eager to save the environment as they are to chegply heat their
houses, and s0 we are likdy to kegp usng exhaudtible oil for energy until it is, wel, exhausted.
Many contributors to the book dwell on familiar points like these.

Randdl Baker examines the energy problem from the less familiar politicd standpoint,
concluding that political solutions are unlikely because of the short time-scale and the need for a
crigs that characterize our political syssem. However, ol is cheagper and more readily avalable
now than ever before. The science behind globa warning seems to lack consensus and doesn't
redly suggest paths of action to be taken. The voter perceives no energy criss a politica
responseis unlikely.

Luckily for us as John Sheffidd explans in the mogt thought-provoking chapter of the book,
the bdl it actudly in the court of the developed western world anyway. Presuming that
problems in sources like wind, solar, and nuclear power can be overcome and tha efficiency of
energy use improves, Sheffidd determines that we can supply the energy needs of 12 hillion
people living a a reasonable standard of living for a very long time. This, according to groups
like the UN, is the maximum population the earth can support, a level we will likely reach in the
next century or two.

Sheffidd's idea of a reasondble dtandard of livinglis not random He explains that a
society's population growth rate is rdated to the rae a which individuas in that society use
energy. Hidory indicates that populations gabilize only when their economies develop, raising
per capita energy use. People in the future should use, Sheffidd clams, enough energy to bring
their populaions under control. His concluson is that we can find the energy resources to bring
al 12 billion people to the point of energy use a which the population has no tendency to grow
larger. However, if we reach the 12 hillion mint a which no more people can be supported and
some people are not yet a this level of development, the undeveloped population's impossible
tendency to grow in population will be checked by unplessant factors, such as famine. At this
point, the energy production of the world would be smply incapable of developing the mgority
of the world that needs developing. The problem would become unsolvable.

If a dngle nation is left undeveloped in the near future, this nation will quickly outgrow the
developed parts of the world. Every day that goes by increases the population of undeveloped
areass, thus increasing the energy needed to bring their population growth under control. The fact
of the matter seems to be that the energy-greedy lifestyle of the developed world is actudly more



sugtainable than that of the developing nations. However, even one nation that lags behind in
development poses a problem for the rest of the world.

Sheffidd's argument has the lovely property of shifting the blame for the energy problem
away from the usud suspects, including America  Sure, we use absurd amounts of energy to fud
our SUVs and to keep our houses obscenely climate controlled, but at least our population is
gable. If therest of the world were more like us, there wouldn't be any problem.

However, Sheffidd doesnt clam tha we should be complacent and condemn the
developing world. He redizes that we need to bring our lifestyles under control; the novety of
the argument is that this aone is not enough, and indeed may be the easy part. Not only must we
dragticdly reduce the amount of energy used in the developed world, but we must dso use the
resources we save to move the rest of the world into a sustainable postion. The energy we save
today should not be used by tomorrow's America, but rather today's South- East Asa.

Lloyd Orr explains that economics will kegp us from moving towards sustainability as long
as oil is much chegper than it would be if we could assess the damage its use will bring in the
future.  Orr suggests that the solution is to rase the price atificdly by imposing a tax on the
fud. More expensve energy would cause use to become more reasonable and would give
dternatives a greater chance of competing. Such a tax is the one concrete proposa to come from
the book, but Orr redizes the difficulty of imposng a new tax on American voters, despite his
effortsto make it feasible, the proposa seems like wishful thinking.

Energy: Science, Policy, and the Pursuit of Sustainability covers very little ground but from a
wide range of perspectives. For the most part, the conclusons are not surprising, and where a
point is unexpected, it tends to indill a sense of pessmism. The problems we are likely to face
in the near future to satify our dependence on energy will be serious, and the only thing more
gpparent than our need to take action now isthat we are unlikely to do so.

Matthew Sharp
Columbia University
mks42@columbia.edu

Science and Security in the 21st Century

by the Commission on Science and Security, John JHamre, Chairman

The CSIS Press(Center for Strategic and International Studies), 2002, 121 pages, ISBN 0-
89206-410-2

This report comes from a commisson st up by the Department of Energy to address the
security procedures at the DOE laboratories with an emphasis on preventing these procedures
from hindering the science goas. It was s&t up in the aftermath of the Wen Ho Lee fiasco which
exacerbated the tensions that have dways existed between the scientists and the security system.
The report is supposed to cover 16 labs in dl from Los Alamos to Fermilab, but it is mosly
rdlevant to the wegpons labs. Although the report is dated April 2002 it was essentidly
completed before 11 September 2001 and so does not ded directly with the issue of terrorist
attacks. It contains a 10-page bibliography of relaed government reports and legidation.

A mgor theme of this report is the fallure d the DOE security system to adjust to the post-
Cold War era and to make use of modern security technology. It stresses the importance of
international collaboration and the need for the labs, including the weapons labs to employ
foreign-born scientists. Thereisa particular emphasis on cyber security.



Recommendations include the ending of micromanagement by a large DOE daff, which is in
pat a reic of the past Wakins regime a DOE. The security respongbility should be in the
hands of the laboratory director who should be fired if there are serious lapses. A mgor theme
is that security procedures must be based on careful risk assessment so that resources can be
directed effectivdy. A policy of "zero tolerance’ for security infractions announced by the DOE
in 1999 does not digtinguish between serious and trivid.  This can lead to low morae and may
actudly discourage the reporting of infractions.  There is an intereting but inconclusve
discusson of the somewhat opentended category of "sengtive but unclassfied information”.

The report does not probe the fundamental question of what are the dangers from which this
elaborate security system is protecting us. As far as | know the U.S. has not been sgnificantly
harmed from a security lgpse a a DOE lab in the last 50 years. The most obvious danger is the
goread of wesgpons of mass destruction to small dangerous states or terrorist groups. There is far
more danger arisng from the former Soviet Union with its security and financid problems than
from US sources Thus logic would suggest tha much of this security funding should be
diverted to the Cooperative Threat Reduction Program and other efforts to safeguard Russan
wespons. No such fundamental issues are addressed.

This report makes some useful genera recommendations.  In view of nationd attention
focused on the aftermah of September 11 and the use of "homdand security” for politica
purposss, it is not clear how much attention the DOE will give to this report.

Lincoln Wolfenstein
Carnegie Mellon University, Pittsburgh Pa. 15213
lincoln@cmuhep?2.phys.cmu.edu

Silent Spill, the Organization of an Industrial Crisis.
Thomas D. Beamish
MIT Press, 2000. 181 pp, $4.95, ISBN 0-262-52320-5

This book cals atention to a very large oil spill that occurred in the Guaddupe Dunes, 170
miles north of Los Angeles and 250 miles south of San Francisco. It was the largest recorded
petroleum spill in U.S. higory. The spill perssed over a period of 38 years with a tota of
20,000,000 gdlons, nearly twice the dze of the more chronicled spill of the Exon Vddez in
Prince William Sound of an estimated 10,900,000 galons.

The author indicates early in his introduction a reaively cdear mative in writing the book:
that his home was located 65 miles from the spill ste.  Although the Guaddupe Dunes is only
the largest discovered spill, as the author states, | could not buy his argument that it exemplified
a"genre of environmenta catastrophe that portends ecological collgpse.”

As | proceeded further through the book, 1 had no doubt that it had been well researched (as
evidenced by the 17-page list of references). However, | could not fully grasp the significance of
documenting this event which gpparently did not emerge as an issue within its loca environment
until February of 1990. Granted, it is important to note that areas affected by the spill included
an estuary and wetlands, and a preserve managed by the Nature Conservancy. But it would have
been more helpful to know the exact effects of this spill on this fragile environment, rather than
page after page of denids on the part of Unocdl, the company alegedly responsible for the spill.



The only message | was able to wak away with after reading this book is a common one
how the environment can be adversdly affected and destroyed by corporate irresponghbility and
greed.

Daphne Burleson

Oregon Institute of Technology
2300 Radcliffe Street

Klamath Falls, OR 97601
yurigregarin@yahoo.com

Reports of the National Center for Science Education, | SSN 1064-2358
Bimonthly, $30/year; NCSE, PO Box 9477, Berkeley, CA 94709-0477; ncse@ncseweb.org

When “the Russans beat us into space’ in 1957, the event triggered the public furor tha
erupts every so often concerning the qudity of American science education. This broad interest
made possble the publication, within the next few years, of severd excdlent middle- and
secondary-school  science textbooks, notably the PSSC physics and BSCS biology texts. The
later, of course, were based on biologica evolution, the centrd organizing principle of the life
sciences, as naturaly as the former were based on Newton's laws and their later extensions.

For the firg time since the anti-evolution laws of the 1920s had banished the subject from
most biology texts, a lees some proportion of students nationwide were being exposed to
biology as a modern science and not a mere cataloguing of disorganized information. In 1968,
moreover, the U.S. Supreme Court, in Epperson v. Arkansas, struck down dl such laws.

Responding to this changing environment, cregtionism evolved into a nod-nod, wink-wink
“cregtion science’ — an assartion that the mass of scientific evidence that supports and is made
intdligible by evolutionary theory can equdly well support the idea that the universe was created
fewer than 10,000 years ago in Sx days, as is set forth in the first few chapters of Geness. In
1979, the Indtitute for Creation Research began to peddie the idea that this “science’” should be
treeted on an equd footing with evolution in public-school biology courses. By 1981, fifteen
dates had introduced “balanced treatment” bills, and political pressure for such legislation was
being applied in at least 11 more.

In response to this serious threat to science teaching, a grassroots network of science teachers
and scientigs sprang up. Beginning in lowa and expanding quickly to 42 dates, these groups
took the name Committees of Correspondence (CCs). With the aid of many nationd science and
science-teaching organizations, these loosdy knit groups were mainly successful in warding off
It was clear, however, tha creationist groups, wel funded by the Rdigious Right, were not going
to dissppear. A coordinating organization for the CCs was needed, and in 1987 the Nationa
Center for Science Education (NCSE) opened its officee  NCSE continues to act as a
cdearinghouse and assistance center for the qudity teaching of science. In particular, NCSE
responds to the needs of educators nationwide, who daily confront efforts to expunge evolution
from dl the sciences, but particularly the life sciences.  As creationism evolves, these efforts teke
modified forms, some of them subtle.

A mgor endeavor of NCSE is its journa, Reports of the National Center for Science
Education (RNCSE), now in its 22" year. RNCSE provides a unique and vital service. It tracks
the evolution of emerging species of credtionists. Of these, the most ubiquitous at present are the
intdligent-design credtionists (IDCs). They have exhumed the view, abandoned by scientists
more than a century ago, that at least some components of living things are too complex to have



evolved and must therefore have been designed by a coyly unspecified intelect (read "God").
RNCSE keeps its readers up to date on efforts to introduce creationism and related
pseudosciences into public-school science classes a every leve from the classsoom and school
board to Congress. It furnishes a forum for criticiams of current credtionig clams and even
occasond rebuttas by the creationigs themsaves. In an ongoing science-rdigion didogue, it
opens its pages to rdigious scientidts, minisers of religion, and theologians who, far from
finding contradiction of their fath or heresy in evolution, find it more compatible with ther
religious pogtions than any other view of the naturd world. It features summaries by experts of
important emerging contributions to our understlanding of evolution. And RNCSE is a rich
source of book reviews, website references, and other relevant resources.

In a review of 0 diverse a journd, it is perhgps best to make brief mention of some typica
content. Currently, IDC efforts to incorporate cregtioniam into Ohio's K-12 science standards
are the hottest issue. In its most recent number (JantApr 2002) RNCSE extensvely covered the
higory of this effort, whose high point to date has been a debae between two scientists
(representing many thousands of ther community) and two IDCs (representing their smdl but
voca group). The former two speskers were Lawrence M. Krauss, chairman of the Physics
Depatment a& Case Wedern Reserve Universty and Kenneth Miller, a digtinguished biologist
from Brown Univerdty who has written eegantly on evolution and his own degp commitment to
Roman Catholicism. The IDCs were Steven Meyer, a philosopher from Whitworth College and
the Discovery Inditute (the principd IDC center) and Jonathan Wdls, dso of the Discovery
Ingtitute.  Wells, like Miller, is deeply committed to religion; he dates that he began his doctord
dudies in biology a the behest of the Rev. Sun Myung Moon with the specific am of opposing
evolution. The debate was attended by an overflow audience; the Ohio Board of Education will
vote thisfdl on the maiter.

RNCSE Jan-Apr 2002 dso feaured an interview with Howard Van Till, emeritus professor
of physics and astronomy a Cavin College and a traditiond evangdicd Protestant. In this
interview, Van Till expands eoquently on the dynamic connection between the scientific and
religious aspects of his cosmology.

Two of the mogt exciting recent developments in our understanding of the higory of life on
Eath ae the confirmation, through fossl discoveries, of the prediction that whaes are
descended from land animds, and the deepening understanding of the ancestral roots of birds in
dinosaurs. RNCSE JantApr 2002 presents lucid discussons of these topics, by paeontologists
Gregory S. Paul and Kevin Peadian respectively.

A leading IDC, biochemig Michad Behe of Lehigh Universty, has set forth his irreducible-
complexity argument in favor of inteligent desgn in a widey read book and numerous other
publications. A critique of Behe€'s arguments by philosopher of science Nidl Shanks and
biologist Karl H. Joplin appeared in RNCSE Jan-Feb 2000. Behe's reply and the response by
Shanks and Joplin, together with commentary by three other experts, followed in RNCSE May-
Aug 2001. The three aticles provided a lively interchange, though it is pretty clear that Shanks
and Joplin inevitably had the better of the debate.

The fine PBS series, Evolution, was reviewed in RNCSE Sep-Dec 2001.  Accompanying the
review was an account of the strong creationist reaction.

RNCSE, for dl its seriousness, occasondly publishes articles that cannot but amuse. | like
to refer to Kurt Wise, a young-earth cregtionist, as the anti-Scopes. Remember that John T.
Scopes, the defendant in the famous Monkey Trid of 1925, went from Dayton, Tennessee to the
University of Chicago, where he earned his master’s degree in geology. Wise, on the contrary,



went from the University of Chicago, via Harvard, to Dayton, where he is an associate professor
of science a Bryan College. In “Sermon Under the Mount,” Matthew Chapman, a great-great-
grandson of Charles Darwin, writes of accompanying one of Wise's classes on a geology fied
trip to a loca cave. Though the students don’t learn much science, Chapman learns quite a lot
about the commitments of young fundamentaist students.  (“1 hear, like, intdlectuas, a lot of
them commit suicide? ‘Cause they believe what they're taught, evolution av dl, so they got
nothing to live for?”) (RNCSE Sep-Oct 2000).

Such views are not redricted to fundamentdist Chridians, amilar attitudes can be found in
ultra-orthodox Jews, among others.  In “Creationism and Geocentrism Among Orthodox Jewish
Scientists’ (RNCSE JanrApr 2002), psychologist Alexander Nussbaum recounts his experiences
in teaching & Touro College. There, dl scientific questions are solved by reference to the Torah
and the writings of revered commentators. Thus radioactive dating is fase and the universe is
about 6000 years old; thus Eingein, in his reativity theory, proved that the sun does indeed go
around Earth.

Biologigs are not the only scientists who need to devote effort to keeping such nonsense out
of public schools. The physicd sciences are affected not only directly, as in geocentrism and a
6000-year-old universe, but indirectly in common with dl sciences when dudents are given a
fdse idea of what science is about, how scientists do their work, and the results that emerge from
that work. RNCSE performs avitd service in the cause of teaching good science.

Lawrence S Lerner
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