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Abstract

Scientists and technologists ("technical experts") bear heavy re
sponsibility for the explosive world Situation where the further existence 
of civilization is threatened. Without their initiatives and their efforts 
the weapons of mass annihilation would not have been invented and developed. 
The essential features of nuclear warfare are explained. 25-40X of the 
world force of technical experts may be on war work now. Whatever justifi
cation for their work they see, they are tied to it, as quitting would 
mean loss of income, possibilities for Professional career, Status and 
prestige. On the other hand, many scientists, including Bohr, Joliot, 
Pauling, Einstein and Russell, have done invaluable work in informing, 
warning, educating and mobilizing the public against the danger of a 
nuclear war. In the present desperate Situation the support of the largest 
possible number of technical experts for such activities ought to be en~ 
listed. In this respect engineers and technologists could follow the example 
of medical doctors. Moreover, owing to their familiarity with criteria for 
stability in material Systems engineers could make constructive proposals 
for the improvement of stability in international relations.

Keywords. Computer applications; education; human factors; missiles; nuclear 
weapon; nuclear reactors; sensors; peace; responsibility; stability.



The 1930s and the 1980s

In our world with its industrial basis international stability or 
instability has a strong technical component. Owing to the ceaseless 
efforts of millions of scientists and technologists (for brevity we shall, 
from here on, speak of (technical) "experts") the basis is undergoing 
rapid change all the time, and the experts cannot disclaim responsibility: 
yet only few of them consciously direct their activities in accordance 
with any serious views on this responsibility. This unfortunate fact will 
here be considered in connection with the threat of the suicide of mankind 
through nuclear warfare. This suicide may well take place in our decade.

In many ways, the world of the 1980s reminds one of the world of the 
1930s which some active eolleagues can still recall. In the 1930s amounts 
of money that according to the conditions of that time had to be considered 
as huge were spent on armaments, especially in the "Axis" powers, led by 
Hitler's Germany. Even the naive observer was bound to wonder whether the 
enormous expenses were to be incurred without subsequent use of the pro- 
ducts acquired. Could it be the intention to let the arms become obsolete, 
rust and decay?

In fact the wars were started, at first at the periphery. Mussolini's 
Italians not only expanded in Africa and in the Balkans, but they also 
tested, along with Hitler's Germans, the efficiency of their weapons and 
of their organization in Spain. The Japanese grabbed large parts of China, 
at first Manchuria. In - September, 1939, Hitler, after occupying Austria 
and Czechoslovakia, began World War 2. It created tremendous misery in 
most parts of the world, and cost some 50 million lives. Let us recall 
that all along Hitler had been claiming that he was arming for defensive 
purposes only.

However, there are enormous differences against the 1930s. They make 
the Situation much more serious now. Most importantly, nuclear weapons 
exist. Late in 1938 Otto Hahn and Fritz Strassmann in Berlin, in wholly 
academic work intended to be peaceful, stumbled upon the fission of 
uranium. This was the beginning of the path to indiscriminate mass an
nihilation. The next step was the Interpretation of fission by Lise Meitner
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and Otto Robert Frisch» both refugees from Austria; they also estimated 
the energy released in the process. Further, in Paris Frederic Joliot, 
Hans von Halban and Lew Kowarski found that neutrons were not only ab
sorbed but also emitted in fission, and they conceived a nuclear chain 
reaction based on these neutrons. Quickly it was pointed out by several 
authors that the chain reaction might be used not only for the generation 
of power, but also for warfare with weapons of unimaginable strength.

At the instigation of his old friend, the Hungarian physicist Leo 
Szilard, Albert Einstein in August, 1939» wrote the famous letter to 
President Roosevelt that after some delay led to the Manhattan Project. 
The work culminated in the production of the uranium bomb, used against 
Hiroshima, and of the plutonium bomb, used against Nagasaki. In these 
two split-second events some 250 000 people, the large majority civilians 
were killed, and a still langer number was badly hurt and deprived of a 
normal existence for the rest of their lives (Hiroshima and Nagasaki, 
1981). Broadly speaking, the effects of nuclear warfare exceed those of 
conventional warfare to the extent that the strength of nuclear weapons 
surpasses that of conventional weapons. The effects were described and 
technically discussed in most detail by Gladstone and Dolan (1977).

Nuclear Weapons

Per unit weight reacted, nuclear explosive releases about 15 million 
times more energy than a conventional, Chemical, explosive like dynamite 
or TNT (trinitrotoluene), the latter commonly applied in World Wars 1 and 
2. While the largest block busters in the last war contained some ten 
tons of TNT» the blast strength of the bombs against Japan had to be ex
pressed in terms of thousands of tons of TNT äquivalent. In this sense, 
the strength of the Hiroshima bomb corresponded to 13 500 tons (13.5 kilo 
tons, kt), that of the Nagasaki bomb to 22 kt of TNT.

Moreover, in the moment of the explosion the temperature of the 
material rose to some 10 million degrees. The resulting thermal radiation
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burned and incinerated humans over a wide area and produced firestorms. 
Finally, the ionizing (high-energy) radiation produced, namely, the gamma 
rays and the neutron rays, were also lethal over a wide distance, though 
many of the victims lived on for days, weeks or even longer (Hiroshima 
and Nagasaki, 1981; Rotblat, 1981). The heat and the ionizing radiation 
are new features of the nuclear weapons, unknown in previous wars.

Yet the weapons used against Japan were mere child's play compared 
to the weapons now in the arsenals. Typically, the strength of Strategie 
thermonuclear (hydrogen) weapons is measured in hundreds or thousands of 
kilotons TNT equivalent. A thousand kilotons is called a megaton (Mt).
For instance, the obsolescent US Titan rockets - intercontinental ballistic 
missiles (ICBM) of a kind - have a strength of 5-10 Mt each, and the war- 
heads of some of the Soviet ICBM are even more powerful.

The strongest weapon ever exploded, in a test, had 60 Mt TNT equi
valent. This corresponds to 10 Cheops pyramids entirely consisting of 
TNT, or, if you prefer, to 6 million Standard railway trucks loaded with 
TNT. A single hydrogen weapon, even of a smaller kind, has more explosive 
power than all explosives used by mankind in all wars fought in history 
taken together. Each one of the large hydrogen weapons is sufficient to 
destroy even the largest town (OTA, 1980).

The arsenals contain at least 50 000 nuclear weapons, of many kinds 
and of many sizes (Broda, 1982b). Their combined strength is estimated 
to equal that of 1.5 million Hiroshima bombs. It is notoriously difficult 
to imagine a million. Broadly speaking, man thinks logarithmically, and 
so millions are generally underestimated. In order nevertheless to 
appreciate the combined strength we imagine, purely schematically, that 
one Hiroshima-size weapon is exploded somewhere on Earth each second, day 
and night. In this case, it would take fully two weeks to exhaust the 
arsenals. Two weeks, each second, day and night.

One effect that was absent in Hiroshima and Nagasaki was important 
radioactive fallout. People from outside could enter the ruins after the 
disaster without major radiation exposure. This was due to the fact that 
the weapons were exploded, to maximize blast, at a great height, some 
600 metres above the towns. The intense heat made the air rise rapidly,
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and so the radioactive fission products were pulled up and distributed 
over a large volume. They came down, as fine dust, over a large area and 
only after a long time, i.e. after considerable decay.

Unfortunately, this would not be so in World War 3, Many of the 
weapons would be exploded by impact, in order to destroy hard targets, 
notably rocket shelters. Thus a lot of concrete, rock and soil would be 
evaporated instantly - maybe 1 million tons by one Standard hydrogen 
weapon of 1 Mt strength. The vapours would mix with the radioactive fission 
products. After cooling, rather large solid grains would form, and these 
would come down quickly. Thus around the target an intense radiation carpet 
would be produced. If wind were blowing the contaminated area would,in 
the shape of a cigar, extend far in the opposite direction. Thus large 
areas would become lethally radioactive after each single burst (OTA,
1980; Fetter ans Tsipis, 1981). Details would depend on meteorological 
and other conditions. Of course, food and water would also be prohibitive- 
ly contaminated in many cases. The decisions on tolerable radiation dose 
rates are arbitrary; effects increase with dose.

(In brackets attention may be drawn to the possibility of attacks 
against operating nuclear power plants (Fetter and Tsipis, 1981). May the 
concern be recalled that was feit at Three Mile Island at the possibility 
that a fraction of a percent of the fission products from the reactor core 
might have leaked out. Now a direct hit by a nuclear weapon of quite 
moderate size (100 kt) would be sufficient to evaporate entirely the 
reactor of a nuclear power Station with the whole inventory of the nuclear 
fuel and of the fission products. Thus the fission products from the 
reactor would be added to the fission products from the bomb. Initially 
the radiation intensity of the latter would be larger than that of the 
former - for a Standard reactor (1000 megawatts electric) about IO10 
curies, i.e. equal to that of 10 000 tons of radium. However, among the 
fission products in the power Station, accumulated during the long Opera
tion of the reactor, long-lived nuclear species (nuclides) predominate so 
that the relaxation time of the radioactive fallout carpet would be much 
longer than in the case of weapon-derived fission products alone. In the 
words of Fetter and Tsipis (1981), an attack on a single reactor with a
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single nuclear weapon could devastate a substantial part of Europe.)
The greater the number and the greater the variety of the nuclear 

weapons, the larger their area of deployment and the larger the number 
of military personnel involved, the greater is also the possibility of 
war by mistake, by technical or human failure. Conditions in the rocket 
bases, submarines and elsewhere are bound to produce mental stress and 
instability. Hundreds of false alarms have been registered so far (Dumas, 
1980), and no doubt many others, and perhaps the most important cases, 
have remained in the dark, also in the Soviet Union,

Now assume that at some time in peace a weapon, maybe one of the 
Strategie rockets, somehow got into its trajectory and will inevitably 
reach its target within a few minutes. Of course, many of the Strategie 
rockets are programmed against large towns already now. The rocket in 
flight is discovered by the country to be hit, By radio or telephone the 
country of origin assures the target country that it was just a regrettable 
mistake and really no harm was meant. Now even assuming that the President 
of the target country believes this "explanation" - what can he be ex
pected to do before or after the disaster?

Fatality estimates for the case of mutual large-scale attacks of the 
two superpowers ränge up to some 250 million (OTA, 1980). This does not 
include the people that later fall victim to economic disruption. In the 
world as a whole, all-out nuclear war may well kill several thousand 
million.

Into the Abyss

This is the desperate Situation of our world. A minute fraction of 
the stored weapons would be sufficient to destroy human civilization on 
the entire globe beyond recovery (The Medical Effects of Nuclear War,
1983). Yet we must not think only of the direct effects of the weapons.
In the longer run, the indirect effects may be even more important. In 
1945, the survivors of the destroyed towns could be assisted from outside. 
But what if the whole tender and fragile network of our civilization were
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destroyed? If no transport or Information System» no energy-generating 
capacity» no uncontaminated food or water, no medical or social Services, 
no administration were left? The people that by chance had remained alive 
among the radioactive ruins would succumb to hunger, exposure and illness 
(Katz, 1982). In most cases, morality would also break down, and ruthless 
criminal gangs would roam the countries.

Never before in history have affective weapons been destroyed 
voluntarily. Is there then any hope for the liquidation of the nuclear 
arsenals? Will the enormous potential for political pressure and intimid- 
ation as well as the enormous money invested just be written off? For the 
time being this is, unfortunately, out of the question. On the contrary, 
the arsenals are being expanded, quantitatively and qualitatively, on an 
unprecedented scale. While the thought of a nuclear freeze, as a first 
Step to disarmament, is populär among uncounted million of people all 
over the world, it has not become reality.

Incidentally, it is characteristic of the Situation that hardly any
thing is ever said on a technology of weapon material disposal. If it 
were decided today to destroy all nuclear weapons - how could we do it? 
Surely the problem can, from a technical point of view, be solved. But 
a particular technical line would have to be adopted, and the technology 
would have to be worked out. In any case» with the best will of the world 
the disposal would take many, many years, and the problems of verification 
would be serious.

Some maintain that the "equilibrium of terror", i.e. deterrence (MAD 
- Mutual Assured Destruction), has been a good thing as it is supposed to 
have prevented nuclear war for several decades. Even if this misguided 
view were accepted it would have to be admitted that the price paid was 
very high indeed. With MAD, the armaments spiral turned incessantly, and 
we got deeper and deeper into the morass. Nuclear disarmament is far more 
difficult to achieve now than it would have been at the end of World War 2. 
One of the eminent thinkers who foresaw our present predicament was the 
founder of modern atomic theory and author of the theory of nuclear fission, 
Niels Bohr (Bohr, 1967). After his escape from occupied Denmark in 1943 
he implored Roosevelt (who listened to him sympathetically) and Churchill
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(who threatened to lock him up) not to embark on a nuclear arms race 
after the war, but rather to prevent, by effective agreement of the 
Allied Powers, the military use of nuclear energy. The world would be a 
better place now if Bohr's advice had been heeded.

The increase in number, kind and deadliness of the nuclear weapons 
is matched by the changes in the doctrines of nuclear warfare (Broda, 
1982b). Broadly speaking, the concept of deterrence (MAD) is being re
placed by the concept of nuclear warfare. Thus the alleged purpose of 
prevention of nuclear war is substituted by the purpose of prevailing in 
war, a "countervalue" strategy by a "counterforce" strategy. "Limited" 
nuclear wars, presumably in Europe, are considered as "winnable". The 
high precision weapons that are now developed and deployed can serve only 
this purpose, rather than mere deterrence.

Many of the new nuclear weapons Systems are destabilizing. Thus the 
MIRV principle, introduced by the USA in the late sixties, favours attack 
against defence: with many warheads on each missile the attacker may hope 
to destroy many enemy missiles at the expense of only one missile used. 
Similarly, the cruise missiles are destabilizing: they are cheap, can be 
deployed by the thousands, partly on all sorts of movable carriers, can 
be concealed before use, are practically immune to detection during their 
flight, and yet they are accurate and highly destructive counterforce 
weapons. Further, the shortness of the flight time of the Strategie medium 
ränge rockets, which reach their targets in times of the order of minutes, 
is most disquieting to possible victims.

The ultimate aim of the military is achievement of a first strike 
capacity. Here a concentrated attack, launched without warning maybe at 
three o'clock in the morning, is intended to kill off, within minutes, 
the supposed enemy with all his Strategie weapons. He would be left with
out any means of effective retaliation so that an avenging second strike 
is prevented. It is often said that nuclear submarines in the ocean can
not be found and that therefore they are invulnerable and can assure a 
second strike. However, one wonders how long this supposed safety of sub
marines will last (Wit, 1981).
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A first strike capacity would destabilize the world radically. On 
the one hand, it would tempt the owner of this capacity actually to use 
it. On the other hand, fear would tempt leaders of opposed countries to 
Start preventive war if they also were capable of a first strike. More
over, a "launch on warning1' policy might seem to become necessary. In 
this case, the Strategie forces would be let loose as soon as the detection 
Systems (sensors feeding information into Computers) indicated the approach 
of enemy forces - bombers, rockets, cruise missiles. To prevent the de- 
struction of one’s own Strategie forces, the Computer would, so-to-speak, 
press the button independently and rapidly. Humans would have no place in 
the decision process, and the machine alone would decide that the time for 
the end of the world has come. And if the machine erred?

Experts Supply Weapons

Without the exertions of fne experts the means of nuclear warfare, 
or generally for mass annihilation, would not exist. Being ignorant of 
technical matters, the politicians do not even suspect the military im~ 
plications and applications of science in concrete terms. Rather, the 
experts come to them and teil them, and the politicians give them the 
green light. For instance, by himself no politician would have dreamt of 
the principle of a hydrogen bomb.

But not all weapons work has dramatic features. For instance, the 
astonishing improvement in the accuracy of Strategie rockets, an improve
ment that makes possible their use as a first-strike weapon, is by no 
means due to major discoveries. Rather it is the result of the ceaseless 
efforts of thousands of experts over many years to improve the materials 
of the components, to control the combustion of the rocket fuel, and, 
above all, to design and miniaturize electronics. The change of the "CEP 
value", which measures the mean error in accuracy, from 30 kilometres 
down to 30 metres in mere 35 years or so thus results from a large number 
of rather small Steps. This is called technology creep (Shapley, 1978).
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The role of the technical experts has been so enormous that some 
qualified and experienced observers, notably the Director of the Oslo 
Peace Research Institute (Thee, 1982), went to an extreme: they assign 
the principal responsibility for the armaments race, at least in some 
fields, to the experts. It is argued that they practically force the 
politicians to quench their boundless thirst for weapons escalation. The 
governments have to find the means for the work of the weapons experts. 
According to this view, the politicians and the populations they are 
supposed to represent cease to be free agents. Whether they know it or 
not, the experts have become the real masters. This may be an exaggeration. 
Nevertheless there can be no doubt that the responsibility load on the 
experts’ shoulders is truly enormous.

The numbers involved are very large. According to current estimates 
25 or even 4Q£ of all technical experts in the world are in weapons work. 
For instance, according to a report of May 5th, 1983,in the weekly "New 
Scientist", in France one third of all technical experts are busy with 
military work. Precise figures cannot be expected anywhere. The definition 
of weapons work is largely arbitrary. For instance, is development of 
alloys mainly for use in rockets to be included? In any case, statistics 
do not exist. Probably they are not even wanted by the men in power.

Now what answers do you get when you question one of those experts 
in weapons work? In almost all cases they just shrug their shoulders or 
they justify their activity. The spectrum of the arguments is well known. 
Some will say that their work is valuable for the defence of the father
land, for the maintenance of peace through strength, or even for the 
protection of a way of life and of civilization. Others will decline to 
give reasons and argue that it is only for Parliament and/or Government 
to decide, and that it is no business of the individual to question their 
wisdom. Still others, and this requires frankness and/or cynicism, will 
say that they depend on employment in their career and indeed in their 
livelihood, and that alternative Jobs are not to be found. They will refer 
to their innocent families. True, in the world as it is alternative employ
ment is hard to find for any considerable number of weapons experts who 
decided to quit (Broda, 1982a).
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Let us quote the physicist Herbert York (York, 1970), who directed 
the Livermore Laboratory, one of the two main centres of advanced weapons 
research in the USA, and who as a leading member of the President's Science 
Advisory Committee became Eisenhower's personal friend. His words do not 
refer exclusively to the experts, but also to other members of what Eisen- 
hower called the "military-industrial complex", and whose influence he 
called unwarranted. By the way, York is now on the side of the angels, i.e. 
of the doves.

"The various individual promotors of the arms race are stimulated 
sometimes by patriotic zeal, sometimes by a desire to go along with the 
gang, sometimes by crass opportunism, and sometimes by simple fear of the 
unknown. They are inspired by ingenious and clever ideas, challenged by 
bold Statements of real and imaginary military requirements, stimulated 
to match or exceed technological progress by the other side or even by a 
rival military Service here at home, and victimized by rumours and false 
Intelligence. Some have been lured by the siren call of rapid advancement, 
personal recognition and unlimited opportunity, and some have been bought 
by promises to fit the solution they have spent much of their lives dis- 
covering and developing.

Nearly all such individuals have had a long-term involvement in the 
arms race. They derive either their incomes, their profits or their Con
sultant fees from it. But much more important than money as a motivating 
force are the individuals' own psychic and spiritual needs; the majority 
of the key individual promotors of the arms race derive a very large part 
of their self-esteem from their participation in what they believe to be 
an essential, even a holy, cause ... Thus a vicious spiral has been 
created that gives the arms race a mad momentum of its own and drives it 
forward blindly and faster than necessary without regard for, and in spite 
of, the absurd situations that have been steadily arising from it."

It does not exactly help that many of the leading academic experts 
are Consultants to big firms or are on their boards. In America, this 
applies, for instance, to the academic members of the President's Science 
Advisory Committee and of the National Science Board, On the basis of 
painstaking research the corporate connections have been specified for
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many world-famous figures by Schwartz (1975). Many of the firms named are 
known to produce weapons, or they are closely connected with others that 
do. Quite a few report annual sales or total assets exceeding 100 million, 
a few even exceeding 1 billion dollars. Thus in contrast to what most 
people think these experts can hardly be expected to be objective when 
it comes to proposals for disarmament, and consequently for the prevention 
of war.

Experts for Peace

Well-meaning lay persons often ask why scientists (or generally: 
experts) on war work do not go on general strike. Now quite apart from 
the fact that such action would not affect existing weapons, sufficient 
for tremendous overkill, in the hands of the military it is quite clear 
that few experts indeed would follow a call. Too deep is, on one ground 
or another, the personal involvement, as has been explained, Much as one 
respects and praises individuals who as conscientious objectors have the 
courage to quit, their step does not provide a solution of the problem.

Nevertheless, the contribution of scientists to the world movement 
for peace has been outstanding. Their warning voices have been heard by
namr mor-» ,1 i » t TA 4

been mentioned already. Cecil Powell and Frederic Joliot were other Nobel 
Prize winning physicists who devoted much of their later lives to the 
struggle for peace and the education of the public. Linus Pauling, Nobel 
Prize winner in chemistry, later was awarded a second Nobel Prize for his 
work for peace. Bertrand Russell and Albert Einstein were the founding 
fathers of the Pugwash Movement, uniting experts, mostly natural scientists 
from East and West (Rotblat, 1982b).

The Pugwash Movement, named after the Canadian village where its first 
meeting took place in 1957, has been active for a quarter of a Century in 
favour of coexistence, detente, disarmament and peace. In•Conferences, 
symposia and workshops the members of Pugwash, many of them eminent, have 
been applying their technical competence and their good will in the search
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for peaceful Solutions to the acute world problems. Many Pugwash members 
enjoy the confidence of their governments, and so their suggestions have 
a relative good chance of being accepted. The discussions within Pugwash 
contributed to the all-too-few international agreements reached in the 
period of detente, including the Partial Nuclear Test Ban and the Nuclear 
Non-Proliferation Treaty.

Recently Pugwash has been supporting a general pledge of all nuclear 
weapons countries against the first use of these weapons as well as a 
freeze treaty forbidding the production, testing and deployment of further 
nuclear weapons. Such actions would facilitate steps in the direction of 
disarmament. In 1981 a Pugwash Declaration of Dangers of Nuclear War has 
been signed by 111 Nobel laureates, the large majority of all laureates 
in the natural, including the medical, Sciences. In this Declaration a 
desperate call is issued to the world, and specifically the no-first-use 
pledge and the nuclear freeze are supported.

In the activities against nuclear war scientists rather than techno
logists have been prominent, and among the scientists mostly academic 
scientists. These facts reflect the greater difficulty faced by experts 
employed by industry. They are less able to plan their time and join time- 
consuming groups than their eolleagues in universities. Moreover, the 
whole climate in industry is less favourable to independent activities 
with political repercussions than that in universities. Experts in In
dustries would in many cases endanger their positions and careers by 
taking part in antiwar activities even if their firms did not make arms 
themselves. To some extent such diffieulties also affect engineers and 
technologists in universities with their close links with industry. In 
view of the tremendous importance of the movement for peace, these diffi- 
culties should not deter the approach to the engineers and technologists.

They could, on the basis of their Professional knowledge and their 
capacity for rational problem solving, make a most important contribution 
to the maintenance of peace, They could raise their warning voices and 
would be listened to by the public. In this respect a comparison is poss
ible with the rapidly spreading movement of the medical doctors against 
nuclear war (International Physicians for the Prevention of Nuclear War -
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IPPNW). Thus technical experts would serve the peace movement.
Moreover, another challenging task exist. Professionally, engineers 

are familiär with stability problems. They know the criteria needed to 
judge and ensure stability in material Systems and networks. It would be 
a great Step forward if engineers devoted themselves to studies on 
stability and instability in international life.

In the view of the present author, it will be In the best interest 
of all countries to search not only for their own security, but also for 
that of all other countries, including possible adversaries. This concept 
may be called that of security partnership. As explained by York (1970), 
the "worst case analysis" where both boundless technical capacity and 
boundless evil will are attributed to adversaries is pernicious. The 
acceptance of the security partnership idea requires not only technical 
competence, but also good will, tolerance and patience. Peace and the 
stability of the world cannot be ensured on a technical level alone but 
requires a new morality. The human factor is essential.

Conclusion

The danger of global nuclear war is acute, and the Situation of the 
world is desperate. Global war would destroy human civilization. All 
mankind must join forces to prevent the nuclear holocaust. Because of 
their knowledge and their key positions the scientists and technologists 
have particular responsibilities. They should inform and warn the public 
and also propose measures to improve international stability.
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