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EDITOR’S COMMENTS 
The issue which precipitated the intense interest of many physicists (and their organizations) 

in the problems at the interface between science and society during the last half of the twentieth 
century was the initial construction and use of nuclear weapons.  It still holds our attention today 
– in the form of the planning for contemporary use of nuclear weapons and as the recurrent 
attempts to understand and assess responsibility for its initial developments.  Tightly linked to 
the problem of nuclear weapons is the issue of nuclear reactors as mobile and stationary power 
sources. 

In this issue of Physics and Society, J. Altman illustrates the contemporary interest of 
German physicists in the problem of nuclear weapons and international security.  With the 
comments of A. DeVolpe, we return to the question: should we be planning to use nuclear 
weapons in the course of “ordinary events”?  And L.Wolfenstein reminds us that there are still 
unresolved questions in the U.S. system for procuring and maintaining nuclear weapons. 

The issue of responsibility for creating and maintaining nuclear weapons, though 
contemporary, seems to be most popularly examined via the lens of the past.  The play 
Copenhagen and the reactions of its audiences continue to fascinate me and many of my 
colleagues.  (Even though I, and perhaps many of these colleagues, first started pondering the 
issues of responsibility raised 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 insight into this question while J.Salomon looks at 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 weapons to the apparent lack of competition with 
respect to non- nuclear weapons.  And I, together with my old colleague B.Pugel, again puzzle 
over the apparent ability of W. Heisenberg to forget his past weapons activities.  Observing one’s 
past self is apparently still an observation, subject to the distortions of the present observing 
“instrument”. 

The contemporary issue of nuclear power – vital in a day of increasing pollution due to fossil 
fuels and threatened access to, and continued availability of, these fuels – requires continued 
examination of those notorious events which demonstrated the non-benign aspects of the “civil 
atom”.  Then most notorious is Chernobyl, which is examined here again by two French authors, 
J.Frot and A. Aurengo, and engineer and a physician. 

A major manifestation of the physicist’s interest in “science and society” is our recently 
renewed interest in the science education of the general public as well as that of our successor 
generations.  J. Marque has some interesting – if disturbing – comments about the education of 
future scientists.  L. Lerner and A. Melott add to our unease about the ‘science education’ 
received by many of our fellow citizens, though they do suggest some ameliorative approaches.  
A. Hobson reminds us that we cannot separate the fundamental science education of future 
scientists from that of the general public.  Finally, though not included in this journal, 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 physics as well as to illustrate how forefront 
physics can lead to important practical applications in medicine and technology.   They have 
produced a full-color- illustrated brochure called “Quarks Unbound” which will be distributed to 
all high-school physics teachers.  It will also be available on the web at 
(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 societal actions, both here and abroad, as well as providing clues for understanding 
past actions.  I hope that our readers will share their thoughts on these subjects with their 
colleagues via submissions to this journal. 

A.M.S. 
 



ARTICLES 
 

Germany: Disarmament Research in Physics 
Jürgen Altmann 

 
To some extent motivated by the US role model, in the last two decades new research groups 

for disarmament and international security have been started in science in Germany. This article 
is to provide a short overview of their history, status, and outlook. 

It all started when in 1984 a fellowship program of the Volkswagen Foundation met a few 
physicists 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 fellowships and one-person projects, 
the Volkswagen Foundation supported, from 1988 on, the foundation of three groups:  

(1) IANUS (Interdisciplinary Research Group in Science, Technology, and Security) at 
Darmstadt University of Technology. Among its members were/are physicists, mathematicians, 
biologists, economists, ethicists. They do studies on nuclear-material verification and disposal, 
models of strategic stability, detection of bio-warfare agents, etc.11 

(2) BVP (Bochum Verification Project) at Ruhr-Universität Bochum, later also Dortmund 
University, comprised mainly of physicists. Their focus is on the potential of acoustic, seismic, 
and magnetic sensors for the cooperative verification of limits on military land and air vehicles. 
Another strand deals with military technology assessment.2 

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

In addition, a few individual scientists are at work at research institutes. 
Whereas this work is recognized by the respective department and university, only IANUS 

has been successful in getting continuous - though limited - university/state funding. Also here, 
there is a high dependency on external projects funds. Due to the underdeveloped field, these 
flow fairly irregularly. Nevertheless, at all institutions an impressive number of projects has been 
funded and carried out. 

Informal cooperation between the three groups grew into FONAS (Research Association 
Science, Disarmament, and International Security), founded 1996 at Bad Honnef near Bonn, in 
the Physics Center of the German Physical Society DPG.4 The DPG has some tradition 
concerning disarmament - in 1957 eighteen leading German nuclear physicists signed a letter 
opposing a nuclear-armed Federal 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, 
physicists from the FONAS community organized topical sessions on Disarmament and 
Verification at the annual DPG Spring Meetings. In 1998, DPG founded its Committee Physics 
and Disarmament (AKA, Arbeitskreis Physik und Abrüstung) that from then on co-organized the 
sessions together with FONAS.5 Among the main topics are: test ban, verification technology, 
nuclear disarmament, missile defense, mine detection, military-technology assessment. The goals 

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

5 http://www.dpg-fachgremien.de/aka/index_e.html. The AKA speaker is Jürgen 
Altmann, deputy speakers are Götz Neuneck and Christoph Pistner. Note that AKA is solely 
for disarmament. There is a separate Committee on Energy, AKE. 



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 normally not published. Often, main lectures are given by invited speakers from the USA.6, 7 
Our audience varies between 20 and 200 physicists, i.e., we reach 5 to 10 % of the attendees at 
the Spring Meetings.  

After the elections of 1998 the new Federal Minister of Education and Research wanted to 
resume Federal funding for peace and conflict research (which had been reduced to zero by the 
former government). Projects involving the natural sciences were among the first to be funded. 
Five of these formed joint projects on preventive arms control, three dealt with verification 
technologies, and one with mathematical modeling.8 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 capital, has a lower budget for projects. Still, natural-
science groups have successfully applied for funds and will be able to continue significant work. 

There is now a small community in Germany of professionals doing research of disarmament 
and international security using methods from the natural sciences. More than a dozen doctoral 
dissertations and diploma theses have been written.9 Colleagues take part in the Pugwash 
Conferences on Science and International Affairs and the Summer Symposia on Science and 
Global Affairs.10 Repeatedly, we have been called upon to do studies for the German Federal 
Parliament (the Bundestag has an Office of Technology Assessment TAB that - different from its 
U.S. precedent - still is alive and well). Twice per year, FONAS is organizing a briefing in the 
German capital (first Bonn, now Berlin), attended by politicians and staff from Parliament and 
Ministries, as well as journalists. Within DPG, the Committee Physics and Disarmament is 
respected. Important discussions have been initiated, e.g., about the use of highly enriched 
uranium in the new German research reactor FRM II.11 

The central institutional task for the next few years is to provide more continuity - in 
personnel 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 III 

Universitat Dortmund 
D-44221, Dortmund, Germany 
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 accessible via http://www.dpg-
tagungen.de/archive, year, Physikertagung, Arbeitskreis Physik und Abrüstung. 

7  With U.S. speakers present in Germany, we often ask them to speak at AKA/FONAS briefings in 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 
11 Phys. Blätter 55 (1999) 16 ff. 



ARTICLES 
 

The  Causes of 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 sq 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: the explosion and the effects on public health. We will 

examine them separately and discover that both were mostly avoidable. 
 
The two major civilian nuclear accidents before Chernobyl -WINDSCALE (195)7 in the UK 

and TMI (197)9 in the United States- caused no deaths. 
 
The 1000 Megawatt-electric RBMK reactor is graphite-moderated and light water cooled.  In 

addition to electrical power, it produces weapons-grade plutonium-239. The Chernobyl power 
station was a major source of energy for the Ukrainian SSR 

 
THE CAUSES OF THE EXPLOSION were of three types: (1) design weaknesses, (2) 

management faults and operating staff errors and (3) political causes. 
 
Regarding design, the RBMK reactor suffers 5 major weaknesses: core instability at low 

power which means that the reactor is then difficult to control and any tendency toward a 
runaway chain reaction is automatically and rapidly amplified; insertion of control rods is very 
slow and when the control rod is inserted its graphite tip first increases the reactivity before 
reducing it; these reactors are not protected by a system to filter exhaust gases nor by a 
containment structure; and finally hot graphite bursts into flames when it comes into contact with 
the atmosphere  and vaporizes radio-isotopes dispersing them in the  air. Russian nuclear 
engineers knew of this instability 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 mostly a criminal lack of adequate training of the operators, 
inadequate permanent operating procedures, lack of enforcement of the rules and incomplete and 
imprecise instructions for this delicate low power test.  

These management weaknesses led to at least six 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 error consisted in not following the test procedure, and three safety mechanisms were 
deliberately bypassed - one for emergency water injection, and two 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 design, construction and operation; no time and no funds 
were to be "wasted" on improvements however essential to a safe operation. The scientists and 
engineers worked under one and only one guideline: 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 spite of the accident, the construction 
team will meet its socialist obligations and soon begin to build reactor number 5."  

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

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

 
The design weaknesses 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 at THE CAUSES OF HARMFUL EFFECTS TO HEALTH let us stress 

that, apart from the death of two persons present atop the reactor when it exploded, these  effects 
were not inevitable. But circumstances were such that, due to immediate and deeper causes, 
there were harmful effects to public health which we first summarize below. 

Much controversy surrounds the magnitude of these effect, too often with a lack of scientific 
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. Paragraph 136 reads as 
follows: "Apart from the increase in thyroid cancer after childhood exposure, there is no 
evidence of a major public health impact 14 years after the Chernobyl accident. No increases in 
overall cancer incidence or mortality 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 
appear after radiation exposure owing to its short latency time), is not elevated, even among the 
recovery workers. Neither is there any scientific proof of other non-malignant disorders, somatic 
or mental, that are related to ionising radiation." 

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

 
We recall the following data which characterize the harmful effects to public health due to 

Chernobyl. They concern an area of 60 000 square miles around Chernobyl, in Belarus, 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 mortality of about 10 deaths. New cases are expected in the coming 
years. No excess of solid cancers nor of leukaemia nor of congenital anomalies have been 
reported. By far the greatest harm - but there are no available figures - is found as suicide and 
violent death among the firemen, policemen, other recovery workers (officially 313 000 recovery 
workers) on the site and among the evacuated population who suffered a considerable reduction 
in the quality of their life. 

There is no evidence of any effects to public health outside USSR. One might say that the 
real victims were an estimated 100 000 foetuses unnecessarily aborted in panic in central and 
eastern Europe because the pregnant women and medical personnel - midwives and physicians - 
fell prey to an exaggeration of the effects of radioactive fallout. "   

 



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

 
The deeper causes of harmful health effects are political: the elementary 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 medical supplies, no 
protective clothing, not even instruments to measure radioactivity. Yet several 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 scientists 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!! Similarly, 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 also knew how to protect against radio -caesium and radio-
strontium. Due to the heavy administrative procedures, budgetary difficulties and political-
scientific quarrels, none of these defensive measures, and in particular neither "Preparation B" 
nor potassium iodide, was available at Chernobyl in 1986!! 

 
Let us finally remark that an efficient emergency plan providing for the simple and effective 

measures mentioned above was approved by the USSR Minister of Health in December 1970, 
but it remained a dead letter. A new plan, presented in 1985, was refused because an accident 
justifying such measures was "impossible in USSR". 

The great breadth and depth of relevant knowledge developed by Soviet scientists was not 
made known to the medical and nuclear communities of the Soviet Union.  Local civilian 
authorities either knew nothing of it or paid no attention to it.  Ignorance and lack of preparation 
were so profound that in the wake of the explosion the vast majority of the actors in the drama: 
reactor operating crews, directors of the power station, local and higher authorities were so 
distraught that they were unable to appreciate the dimension of the disaster, unable to define 
priorities and unable to undertake even the most urgently required activities.  

 
-Thus it was  that the 28 deaths of rescue workers could have undoubtedly and easily been 

avoided. 
- Thus it was that the population of Pripyat, 2 to 3 miles away from the power station, were 

not informed and evacuated until the afternoon of April 27, more than 36 hours after the 
explosion.  

- Thus it was ,conversely, that the evacuation of 120 000 persons, decided later in spring 
1986, was not proven justified for lack of measuring instruments while it led to numerous 
suicides and violent deaths. 

- Thus it was that tablets of potassium iodide were not distributed  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 easily avoided. It is worth noting that 
stable 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 lst, five days after the explosion, to send a 
great quantity of stable iodine as sodium iodide tablets was declined. 



- Thus it was that only on May 2, seven days after the explosion, the consumption of local 
agricultural products was forbidden.  

- Thus it was that the uninformed, misinformed and disinformed population fell prey to fear, 
and soon realized that the public authorities had lost control of the situation. 

- Thus it was that the people became the victims of tales and rumours which were, and still 
are today, the bread and butter of the "merchants of fear" who inhabit the local, regional, national 
and international press.  

- Thus it was that many of the recovery workers and evacuees fell victim to psychological 
stress; in addition to many suicides, the psychological trauma led to respiratory, digestive and 
cardio-vascular disease. These cases are not the direct result of irradiation but they constitute by 
far the greatest harmful effects to public health inflicted by the Chernobyl explosion. 

- Thus it was that the political context of the Chernobyl accident made it impossible to avoid 
a considerable amount of harm to public health; this despite the fact that medical knowledge and 
preventive and curative techniques had existed for years and years in the Soviet Union whose 
scientists, engineers and 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.  
 
As a 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 training of 

operators have been progressively 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 level of safety which the Western countries have 
insisted upon, the present situation is not totally acceptable: more improvement is still needed . 

At long last, emergency plans to protect the population 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 especially the absence of a containment structure 

are unique to that model.  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 escape of dangerous radioactive substances. Successful containment was 
demonstrated at Three Mile Island in 1979. We may thus conclude that a Chernobyl type 
event, an explosion 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 its former 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 faithfully executing a poorly defined and dangerous test 
procedure, had not deliberately bypassed several safety systems. 

 
Jacques Frot   

Condensed August 2002  
Translated from the French by Berol Robinson 

 



Jacques FROT  jfrotelsuz@aol.com is 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 is to 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 
 

 


