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Abstract 

The development and the status of the nuclear weapons systems and of 
the systems for their delivery are explained. All these systems have made 
tremendous progress since the 1960s. Available destructive power now is 
literally millions of times larger than at the time of Hiroshima. Moreover, 
technical progress has had, especially through the MIRV principle and the 
cruise missile, a destabilizing influence and threatens the equilibrium of 
terror. New strategie doetrines for winning rather than preventing nuelear 
war have come to the foreground. Plans for the taetieal first-use of nuelear 
weapons have been aecepted. Alternatively, the retaliation capacity of the 
opponent could be destroyed by surprise attaek - The First Strike. 

In a nuelear eonfliet, the eommanders-in-ehief are overburdened by the 
need for ultra-urgent decisions. This applies espeeially to a First Strike 
situation. As a consequenee tendencies in the direction of inereasing 
automatization beeome ever more eonspicuous. In the extreme ease, decisions 
may be left entirely to machines, and men would not any more be ineluded 
in decision-making. The inereasing automatization leads to further escalation 
of insecurity for the whole world. 

Solutions for the prineipal problem of the world, war or peaee, ean
not be found On the level of technology, but only on that of practieal 
policy of detente, disarmament, eollaboration and reconeiliation. 
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Introductory Remarks 

Ultimately, this article is based on a public lecture given in 1973 

ln the Faculty of Catholic Divinity of Vienna University within a cycle 

IlPossibilities of Peace". The last version appeared in 1979 in an Austrian 

journal (1). The present version has been updated to 1981. The author is 

an active scientist, but not a weapons or arms control expert. Hence prob

ably here and there a thing may have been misunderstood or misjudged, 

though every attempt has been made to avoid this. Yet the broad lines 

and trends are clear. Naturally, all data are taken from the open literature, 

as quoted. It is an unfortunate fact that these data do not always coincide. 

An example is the Soviet SS 20 rocket, for whose explosive power quite 

different values are given. 

While the author unfortunately cannot provide solutions for the 

problems described, he means at least to provide readable information, ln 

a historical context, to the citizens and their representatives in 

parliaments, in governments and elsewhere. May in the end acceptable 

solutions be found in negotiations between statesmen of goodwill. There 

is no other hope for the survival of human civilization. 

Hiroshima and Nagasaki 

On August 6th, 1945, a bomb containing 60 kg of uranium 235 (2) was 

dropped, without previous warning, on Hiroshima. Three days later, Nagasaki 

was destroyed by a bomb containing 8 kg of plutonium 239 (2). According 

to the latestJapanese estimates, the number of dead in the two towns 

taken together may have been 250.000. In Hiroshima alone it was 140.000 

out of a population of 360.000, i.e. nearly 40% (3). In Nagasaki the 

number of victims was somewhat smaller, although the explosion was stronger, 

as the town is situated in hilly country and had fewer inhabitants. The 

incertainty is so great as there had been, in the chaotic conditions in 
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the Japan of 1945, an uneontrolled mass influx of people into towns pre

viously intaet. 

The effeet of uranium and plutonium weapons (4) is mainly due to the 

faet that in nuelear fission 17 million times more energy, per unit weight, 

is released than in the explosion of the strongest ehemieal explosives. 

One of these is trinitrotoluene (TNT, trotyl), Ivhieh tvas widely used in 

the Firs t and Seeond \~orld War. Roughly, TNT has simi lar power as dynamite. 

Nuelear fissions are indueed as a ehain reaction that requires less than 

one millionth of a seeond (mierosecond) (9). The reaction is transmitted 

from nucleus to nueleus by the neutrons that are released in fission with 

speeds of some 10.000 km/seeond. The chain reaetion begins as soan as the 

flcritieal mass" is exeeeded, i.e. as soon as loss of neutrons across the 

surface is depressed sufficiently. 

The heaviest chemical bombs of the Second War contained about 10 tons 

of TNT. The explosive power of the Hiroshima bomb corresponded to that of 

13.500 tons (= 13,5 kilotons, Kt) of TNT (9), the power of the Nagasaki 

bomb to 20 Kt (10). Thus the power exceeded that of the strongest bombs 

used before more than a thousandfold. About two thirds of the energy 

released appeared as mechanical energy of the pressure wave, one third as 

thermal energy of the heat radiation, and 6% as energy of the lIionizing l! 

radiation, i.e. of radiation as produced by radioactive substanees and 

X-ray tubes. The particles of such radiation, including particles of 

eleetromagnetic radiation ("photons!!), carry enough energy to "ionize" 

atoms, i.e. to deprive them of eleetrons. The number of dead was distributed 

over these effects in a ratio of about 20 : 60 : 20. Thus heat radiation 

was most effeetive. However, because of overlapping a elear-cut distinetion 

is not possible. Horeover, the various injuries increase their effeets 

mutually, i.e. they act synergistically. 

In Hiroshima, the explosion was triggered by an automatie mechanism 

600 m above the Ilhypocentre" (!!ground zero fl ). This height had been chosen 

to maximize the action of blast and heat (9). At the centre of the explosion, 

the initial pressure must have amounted to millions of atmaspheres. Con

crete buildings \Vere destroyed up to I km, solid briek buildings eollapsed 

up ta 1,5 km, and glass broke up to 13 km from the hypocentre. 
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During the explosion the material of the bomb reached a temperature 

of 100 million degrees, many times that of the interior of the Sun (11). 

The temperature of the Sun's visible surface is only 60000
• The energy 

was at first given off mainly as soft (long-wave) X-radiation, i.e. as 

ionizing photons. The X-rays were absorbed easily by air ne ar the place 

of the explosion, and the air was thereby heated up to a "firebali ll
• The 

temperature at the surface of the fireball still exceeded that of the 

surface of the Sun. The fireball emitted intense ultraviolet and visible 

light. Light also consists of photons, but because of their lower energy, 

per particle, they do not ionize any more. Nevertheless, light transfer 

energy to materials. The number of the low-energy photons was now much 

more than that of the initial, high-energy, photons. Thus the radiation 

was intense. 

On absorption of this radiation even stones were melted superficially. 

Near the hypocentre, their surface temperature often reached 35000
. How

ever, stones were protected already by persons standing in front, so that 

the contours of such persons remained permanently imprinted into the 

stones; before the person was annihilated, the heat radiation had ended. 

At larger distances dark patterns (for ins tance , on ,vomenls dresses), vlhich 

absorbed radiation more strongly, burned themselves into the skin. Eyes 

that looked towards the exploding bomb ,vere badly damaged; at smaller 

distances, the people were permanently blinded. 

Timber, paper and other combustible materials burst into flames. Dry 

newspaper caught fire at more than 4 km. Owing to the resulting conflagration 

the air rose so that more air was sucked in from the side, and the fire was 

intensified. A socalied firestorm resulted, similar to that observed before 

at other Japanese towns as weil as at Hamburg and Dresden. This meant 

death for further large numbers. 

Among the ionizing rays emitted directly by the nuclei of the fission 

products the gamma-rays were particularly effective. These are also photons, 

but each particle carries hundreds of thousands times more energy than a 

particle of the ultraviolet or visible light radiation, and also many 

times more energy than a particle of the soft X-radiation mentioned before. 

During the first seconds after the explosion, the intensity of the (Ilprompt") 



garnma-radia tion corresponded to that of millions of tons of radium. In 

cancer hospitals, where radium is applied, already milligrams of the 

element are treated cautiously. 
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Gamma-radiation is absorbed by air fairly strongly, though less so 

than the soft X-radiation. Hence the intensity of the gamma-rays decreased 

more strongly than with the inverse square of the distance. Even so, in 

Hiroshima the gamma-radiation was already by itself lethai up to 1200 m 

from the hypocentre to persons exposed during the first minute. 

Further important radiation effects were due to the fast neutrons 

from the exploding bomb. While neutrons, in contrast to high-energy photons, 

e. g. gamma-rays, do not ionize directly, they transfer energy to atomic 

nuclei, The nuclei thus propelled are, because they are electrically 

charged, strongly ionizing. So in the end the effects of neutrons resemble 

those of gamma-rays. They even exceed them, as detailed investigation 

shows, per unit energy absorbed. 

Ionizing radiation is not painful. Indeed, ordinarily exposure is 

not noticed at all. Surely the reason is that the ancestors of man met 

only unimportant intensities in Nature so that they had neither opportuni

ties nor grounds for the development of warning sensations. Generally the 

effects of the rays arrive relatively slowly. After sudden exposure to a 

lethai dose, death follows after days or weeks, in some cases even after 

many years only. But with extreme doses, the nervous system is paralyzed 

within minutes. We shall later return to the extreme doses: produced by 

means of the socalled neutron bomb. 

The effects of ionizing radiation in the not-extreme case are due to 

injury to deoxyribonucleic acid (DNA) in the cell nuclei. The cells can

not divide properly any more and thereby produce the new cells that are 

needed. The consequences include damage to the blood-for~ng tissue, 

leading to anaemia, incapacitation of the digestive tract and paralysis 

.of the production sites of antibodies so that the organisms are defence

less even against normally harmless infections (immunological incompetence). 

Furthermore, after years cancer may appear, especially as leukaemia. Un

born children, whose developing tissues are particlularly sensitive, suffer 

malformations. Also the succeeding generations are damaged; mutations of 



the genetic material (DNA) must still lead to handicapped individuals 

after thousands of years. 
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Ionizing radiation comes not only from the place of the detonation, 

but later also from dispersed radioactive fission products, like radio

iodine or radiostrontium. The radiation of some of these products persists, 

with declining intensity, for hundreds and thousands of years. In Hiroshima 

this radioactive "fallout" was unimportant, as the fireball, as a con

sequence of the height of the explosion (600 m), had not touched the ground. 

Hence the fission products were pulled up by the hot air, were distributed 

over a large volume, and settled only slowly and in dilute form. Meanwhile 

their radioacti~ity had in part decayed. 

The situation is different when the fireball touches the ground and 

evaporates soil and rock (12). A deep crater with a diameter of dozens or 

hundreds of meters forms. The vapours mix with the fission products, and 

after cooling relatively large grains fall down rather quickly, and near 

the hypocentre. Hence an intense radiation carpet is formed. This may take 

up enormous areas and endanger humans directly. Moreover, these areas can

not be used for farming, and there is the further problem how the starving 

population can be prevented from eating contaminated food and drinking 

poisonous water. Should it be prevented? Should the people rather die of 

hunger? 

The danger from fallout will greatly, and irregularly, vary from 

place to place. It cannot be estimated without instruments so that only 

persons armed with dosimeters could tell where to stay or move (13). But 

even the reading of the instruments and the interpretation of the data 

are no easy matters. The population of Bikini, where heavy fallout was 

produced in tests in 1954, had to be removed from the island a second time 

recently, as a consequence of increased incidence of cancer (14). 

In addition to the radioactive fission products, radioactive sub

stances are produced by activation of environmental material by neutrons. 

Clearly this effect must depend on the strength and the kind of the weapons. 

In the case of neutron bombs it must be large even with moderate explosive 

power. In any case, radiocarbon, half-life 5700 years, arises in large 

quantity in a nuclear reactio~ of the nitrogen of air with neutrons. The 
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radiocarbon has no military importance whatever, but it will gradually 

be taken up by organisms all over the world and will damage their genetic 

material for tens of thousands of years. 

Hydrogen Weapons 

On technical grounds, the explosive power of uranium or plutonium . 
weapons, e.g. bombs, cannot be increased indefinitely - perhaps, with a 

great effort, to 500 Kt equivalent (2,11). To improve matters, "hydrogen 

weapons" were developed that contain heavy hydrogen (ltdeuteriumlt ), In the 

USA, this was the subject of the famous IIDirective lt by President Truman 

~n 1950. 

From 1953, hydrogen weapons were tested both in the USA and the USSR 

(11), and they were available soon in rather large numbers. Deuterium is 

cheap and plentiful. Technically, the explosive power of hydrogen weapons 

has no ceiling. Moreover, the increase of the power, by addition of more 

deuterium etc. is not expensive. Per unit explosive power, a hydrogen bomb 

of 100 Kt costs only one hundredth as much as an imagined chemical bomb 

of similar power (7). The costs do not depend much on explosive power (15). 

A bomb of 100 megatons (Mt) - of 100 million tons TNT equivalent - is said 

to cost only twice as much as a bomb of 100 Kt CI7). That much TNT would 

weigh as much as 16 Cheops pyramids and fill 10 million standard railway 

cars. 

The principle of hydrogen weapons is similar to that of energy pro

duction in the Sun. The energy likewise comes from the fusion of light 

atomic nuclei, though the weapon, in contrast to the Sun, does not burn 

quietly (steadily). As soon as apart of a suitable mixture of light atoms, 

which must include deuterium, is brought to a high enough temperature, it 

ignites. The "thermonuclear lt reaction begins. Usually ignition is achieved 

through the heat from fission of uranium or plutonium contained within the 

weapon. This fissile core acts as a detonator. The thermonuclear reaction 

may serve merely to boost the power of the' fission reaction, or it may 

propagate independently (lI). One half of the energy released is contained 



in the pressure wave, one third in the heat radiation, and one sixth ln 

the ionizing radiation (18). 
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For the characterization of a hydrogen bomb we choose one with an 

explosive power of 1 Mt, 75 times stronger than that of Hiroshima, that 

is ignited at a height of 2500 m. We follow the official report of the 

"Office of Technological Assessment" (OTA) of the Arnerican Congress (8). 

At a distance up to 5 km from ground zero, Le. on an area of 80 km2 , all 

IItypical" living houses are destroyed. Even at 6,5 km (area 130 km2) walls 

of houses with steel skeletons collapse and people are killed in the open 

by the pressure wave. Strongest burns (third degree) are produced by the 

heat radiation still at a distance of 8 km (200 km2). Not included are 

the victims of the firestorm which could take up enormous areas. The 

authors of the report remark that in the whole USA now only 1000 - 2000 

victims of heavy burns can be treated at the same time. 

On explosion of alMt bomb on the ground a crater of 300 m diameter 

aud 60 m depth forms (8). Up to a distance of 1 km from the centre nothing 

"recognizable" remains, except concrete foundations of buildings. Conta

mination by fallout would have gigantic dimensions. Assuming a wind speed 

of 24 km/hour, unprotected people would collect doses of 300 rem within 

a week up to a distance of 260 km, 1000 rem up to 160 km and 3000 rem up 

to 55 km. This is to be compared with the mean lethai dose for hurnans of 

450 rem. Only after years the dose rate would come down to values accept

able in pe ace time. For instance, after 10 years at 60 km the annual dose 

in the open would still be five times larger than the natural dose, which 

comes from radioactive materials of the environment (uranium, potassium 

etc.) and from cosmic radiation. This dose is about 0, I rem/year. 

These are the effects of 1 Mt weapons. But every one of the present 

warheads of the Arnerican intercontinental ballistic missiles (ICBH) "Titanit 

has 9 Mt, while the warheads of the Soviet ICBM SS 18 are ascribed 20 -

25 Mt (8). With a bomb of 25 Mt, ignited at a height of 5,3 km, the radius 

of total destruction would be 16 km, the corresponding area 800 ~~2 (8). 

Be it mentioned for comparison that during the whole of the Second World 

~.[ar the Allies dropped "only!! 5 Mt of (chemical) bombs. 

Enorrnous amounts of fission products and of fallout are obtained 
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from the three-layered lfdirty" weapons that surely form a large part of 

the existing arsenals and were ignited several times in the atmosphere 

in the 1960s (19,20). They contain not only the detonator (uranium 235, 

plutonium) and the substrate for the thermonuclear reaction, but also -

outside - a layer of the uranium isotope 238. In metallic form this heavy 

substance is, like every heavy metal, an exeellent tamper. At the same 

time it also contributes greatly to explosive po\.;rer, maybe one half (11). 

While uranium 238, in eontrast to uranium 235, cannot maintain a chain 

reaetion by itself, its nuclei nevertheless often undergo fission when 

hit by the fast neutrons from the first two layers. Uranium 238 is eheap 

and abundant. It is available as a l.;raste product in the production of 

uranium 235 from natural uranium, also for the purpose of fuelling nuclear 

power stations. Moreover it is obtained in the reproeessing of fuel from 

such power stations. The amount of fallout is increased enormously by the 

uranium 238, i.e. such weapons are exceedingly dirty (21). 

More reeently attempts are being made to use, alternatively, for 

ignition laser radiation (intense light). Thus it has become possible to 

test hydrogen weapons in the lflaboratory", or, rather, in suitable build

ings ('Iweapons simulation"). On igniting by laser radiation rather than 

through the fission of uranium or plutonium the explosive power can be 

limited by miniaturization. The installations are used to test radiation 

effects on military or other objects (22,23). Enormous X-ray generators 

(weight 7000 tons) and generators of intense rays of charged particles are 

also used for testing (22). 

The Size of the Strategic Arsenals 

We have sketched the properties of the nuclear weapons during the 

1960s. How many strategie weapons existed, and what were the means of 

delivery? Strategic weapons hit the whole country of the opponent. There 

are many reports about the strategic arsenals, some reports leading to 

the newest times (24,25,26,27,28). In the 1960s the arsenals were as 

follows. 
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I) The Strategic Air Command (SAC) of the USA had 630 aircraft (B-52, 

etc.), incidentally also to be u~ed subsequently in Vietnam. Everyone 

could carry 50 Mt or more of bombs. To be safe from surprise attacks, 

part of the fleet, with bombs, was in the air all the time. In the Soviet 

Union, bombers played a subordinate role only (29,30). The reasons were 

that bombers are expensive, and that they need bases not too far from the 

target areas. 

2) The ICBM weapons of the USA included the Titan rockets with 5 -

10 Mt each. They were (and are) operated with liquid fuels that require 

a considerable time before use. In contrast, the Minuteman 11 rockets 

with smaller warheads were driven by solid fuel. This is stable and always 

ready for use, but combustion is difficult to control, and cannot be 

stopped according to varying needs (31). The Soviet rockets (SS 9 and 

others) also used liquid fuel. They carried explosive charges up to 25 Mt. 

For the rockets of the USA and the USSR concrete underground silos were 

made" which can be used once on1y. The missile was guided in f1ight by an 

inertial mechanism. It was targeted a1ready in peace time. Typica1ly, the 

targets consisted of big towns with 1arge (and unsuspecting) populations. 

The ranges of the ICBM were of the order of 13.000 - 15.000 km (29). 

3) Submarines equipped with nuclear engines, therefore capab1e of 

pro10nged dives, roamed the oceans. Every Arnerican submarine (IIPolaris ll
) 

had 16 1aunching tubes for solid fue1 rockets that are brought into 

position with compressed air. These missiles were 1ikewise targeted ~n 

advance, but c1early all the time the movement of the boat had to be taken 

into account. This was no doubt done by computer, but the precision cou1d 

not be as good as with land-based missiles. When submerged, the boats were 

practica11y undetectab1e from afar. 

For comparison, more recent data about strategic weapons (7,8,24,28, 

29,32,33,34,35,36,37,38): the US have 348 10ng-distance bombers with 4 -

24 bombs each, stationed on 46 airfie1ds of the SAC. Further 225 10ng

distance bombers are avai1able. Moreover, the US have 1054 ICBM, among 

them 54 Titan rockets. There is a number of ICBM fields. Each field has 

severa1 thousand square mi1es and contains 150 - 200 silos. Also the US 

have 656 rockets on 37 submarines. The USSR has 146 long-distance bombers, 
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1398 ICBM and 950 rockets on 61 submarines. The majority of the American, 

but only a minority of the Soviet rockets is equipped with several war

heads ("mirved"; see below). This is also true for the rockets from sub

marines (4880 against 1334 warheads). The total numbers of strategie 

warheads are about 9200 in USA and 5000 in the USSR, and the aggregate 

explosive forces are 4000 and 8000 Mt, respectively. We have to add a 

much larger number (order 45.000) of tactical \veapons, with a total force 

of 3000 - 8000 Mt; see below. Thus the total explosive power of the atomic 

arsenals could be 20.000 Mt = 20 million Kt+). 

By no means the growth of the arsenals has reached a limit. For 

instance, alone for the US about 14.500 strategie warheads are forecast 

for 1985 (8,24,28,34,35). Moreover, the figures do not take into account 

the tremendous qualitative improvements since the 1960s. We shall refer 

to them later. 

Defence Against Strategie Weapons? 

To what extent was and is defence possible not only against strategie 

bombers, but also against missiles, including ICBM (39,40)? Already up to 

1970 about 30 billion (10 9 ) dollars had been spent on systems for anti

ballistic missile defence (ABM) in USA alone (39), but success was small. 

The difficulty is that the missile reaches not only a height of 1000 km, 

but also a speed of 30.000 km/h, i.e. of 8 km/second, many times more than 

aircraft. Moreover defence makes sense only if a very large part of the 

enemy missiles, almost all of them, can be shot down. In contrast, during 

the Second World War defence was considered effective if 10% of the attack-

ing force were killed. 

From time to time, fantastic projects were put fOr\Vard. For instance, 

+) The esteemed reader is invited to pause and to think again. This number 
corresponds to 1,5 million Hiroshima bombs. Hence during a time of a 
fortnight day and night every second (!) somewhere on the world explo
sive equivalent of a Hiroshima bomb could be detonated, without exhaust
ing the arsenals. 
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according to project "Bambi" (note the cheerful name - Ballistic l1issile 

Booster Interceptor) a fleet of armed satellites should all the time circle 

the globe, and they should automatically destroy the enemy rockets by 

means of missiles with hydrogen warheads immediately after their launch

ing (41). At that time the enemy rockets would still be within the atmo

sphere so that the pressure wave could affect them. Clearly project Bambi 

has problems that are not inconsiderable .• For instance, the circling 

satellites must control the whole enemy area all the time. 

More serious is the system derived from the starting point "Nike-Zeus" 

(42,43). According to the "Sa feguard" system (43,44) hydrogen weapons are 

direeted against the enemy ICBM v,hieh have been under way for a time and 

therefore are now in empty space. The enemy missiles are supposed to be 

destroyed by means of the ionizing radiation emitted by "Spartan" warheads 

that are exploded near the enemy missile. While pressure waves cannot form 

in empty space, ionizing radiations are not absorbed there, and therefore 

their range of action is large. The defending missile must approach the 

enemy missile sufficiently, notwithstanding the enormous speed of the 

latter. Steering takes place through computers into \"hich radar information 

about the position of the missile is fed all the time. Explosions of hydro

gen weapons above one's own country are, of course, unpleasant, but they 

are still to be preferred to explosions in the target area. After reentry 

into the atmosphere the enemy missile can still be hunted with "Sprint" 

rockets. They are so fast that they overtake bullets from machine guns 

within three seconds (43). 

The chances of success are modest. This applies especially under 

operative conditions where one may have to face not only a massed attack 

by hundreds of missiles, but also general confusion, even chaos. The radar 

installations 'vould be saturated by the massive attack, and the problems 

would be sharpened by decoys and reflecting metal sheet. The inactivation 

of the information systems by electromagnetic pulses (E~W) will be 

mentioned below (45). Furthermore the cost of defence systems, if they 

are to have the smallest chance, are intolerable even for the rich USA. 

Hans Bethe as well as J. von Neumann called ABM systems practically hope

less (46). Nevertheless, a giant defence centre ("Safeguard") ,vas built 

up near Grand Forks in North Dakota (43). 



Tactical Nuclear Weapons 

The original and principal goal of nuclear weapons is evidently 

strategie and consists in the massive devastation of enemy territory. 
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But again and again thought has been given to taetical uses (47). For 

instance, the idea was supported by Henry Kissinger in 1957. The "father 

of the hydrogen bomb", Edward Teller, was also sympathetic, and Secretary 

J.F. Dulles took the idea up. However, nuclear warfare limited to tactical 

use presupposes agreement, \vritten or taeit, between the enemies. Thus 

nuclear war would become a kind of tournament where neither side must dis

obey the rules. This idea did not seem credible, and so Kissinger withdrew. 

Nevertheless, the forces of the great powers were equipped with taetical 

weapons so that they could be used in a given case, for instance, during 

strategie nuelear war. 

In December 1973, the new US Defense Secretary, Sehlesinger, revived 

the plan of tactieal nuclear warfare, and made nuclear flexibility a 

component of the official doctrine (20,48,49,50). He emphasized that the 

USA had never pledged "no first-use" of nuclear weapons. On the eontrary, 

the USA reserve the right to meet with nuclear weapons an attack with 

conventional weapons. It may be added that tactical nuclear weapons, once 

deployed, can also be used without previous attack with conventional 

weapons, or they can be applied for blackmail. Flexibility found expression 

~n President Nixon's memorandum 242 in January 1974 (SI). 

In our technical survey that follows now intermediate range weapons 

will also be included. There is no sharp boundary between them and the 

short range weapons. 

An entire "family"+) of American taetical weapons has been produced 

(2,16,53,54,55,56), among them Davy Crockett, Honest John, Pershing, Lance. 

Some are transported by road and cover the whole range up to 700 km. Some 

+) The weapons experts are gifted with a sense of humour and a eosy way 
expressing themselves. They talk of families, and, as we shall see, of 
an Honest John. Bambi has been mentioned already. Meaning the part of 
the population that will perish within two months, they talk of a "60 
days population responsetl. In the accounts, I million dead appear as 
I megadeath, and the additional dead due to fallout are ealled tlbonus 
kill" (52). 
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are delivered by rockets. Artillery shoots nuclear weapons in shells up 

to 30 km. Tactical application from aircraft is possible through free fall 

weapons, by gliding bombs with television guidance, or through "SRAM" 

short-distance rockets \vith 170 - 200 Kt (57,58). "ABM" (Atomic Demolition 

Munition) produces craters and could block mountain passes. The typical 

explosive power of a tactical weapon may be several kilotons TNT equivalent, 

but some \veapons reach several hundred Kt, or even megatons . 

The following data exist about Soviet short and intermediate range 

weapons (J8,34,59,60,61,62). There is a number of short range rockets, 

nuclear shells and short and middle range bombers. The older, very im

precise, intermediate range rockets SS 4 and SS 5 (more than 500 of them) 

have ranges of 2000 and 3700 km, respectively, and need several hours for 

filling with liquid fuel. The newer and more precise SS 20 is, like many 

components of the American Forward Based System (see below), mobile, can 

be mirved and can in this case carry three warheads of 350 Kt each (54). 

The range is about 5000 km. Thus SS 20 can reach all Europe, but not the 

USA. 

Tactical weapons on ground, in part ready for immediately use, are 

kept in fenced-in igloos that in the case of American weapons are always 

guarded by American personnel (63). They are protected by mechanical locks 

and electronic switches that opera te only on receipt of code words (54). 

Presumably the situation is analogous with Soviet weapons. Yet in case of 

war the handing over to allied forces, e.g. the Bundeswehr, could be a 

mere formali ty (53). 

What is known about numbers (18,53,54,56,59,60,61,64)? In 1966, the 

Secretary of Defense R. McNamara stated that the USA have in Europe 7000 

tactical nuclear weapons, and that theyare located at 100 places (63). 

Schlesinger gave a similar figure for 1977. Possibly at certain per iods 

the number was 10.000. According to some American sources, the number of 

Soviet tactical nuclear weapons in Europe is about half that of the 

American weapons, but others assume higher numbers. 1700 American tactical 

weapons are said to be stationed in Asia, among them 700 in Korea. In the 

USA there may be further 10.000 tactical weapons in storage, and the total 

number of the American and Soviet tactical weapons in the world mayamount 



to 40.000 - 50.000. In addition, there are, of course, nearly 15.000 

strategie weapons. 
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A sharp dividing line between strategie and tactical weapons is not 

possible. Thus enemy country may be attacked by medium range missiles or 

aircraft. This is a possible role for the FBS (Forward Based System) of 

the USA in Europe, the weapons of which nominally are considered as 

tactical rather than strategie. It contains literally thousands of land

based bombers, to which more are to be added, as weIl as US aircraft 

carriers and submarines stationed in European waters (29,31,61). Moreover, 

the coming products of the socalled modernization ("Nachrüstung") of NATO 

must be included (62). These are 108 Pershing 11 rockets (31,60), to be 

stationed in West Germany, Britain, Belgium, the Netherlands and Italy, 

as weIl as 464 ground-based cruise missiles (see below). Both are weapon 

systems of enormous precision that can also reach the Soviet Union from 

Western Europe. Finally, in practice the British and French intermediate

range weapon systems may be available (31). 

Is it credible that an enemy armed with nuclear weapons would remain, 

in ans'\vering nuclear blows, wi thin limi ts that appear appropriate and 

advantageous to the first user? Barnaby, the (English) Director of the 

Stockholm Peace Research Institute, SIPRI, pointed out that if conventional 

war leads to tactical nuclear war, then tactical nuclear war leads to 

strategie nuclear war (48). Use that is at first limited will be answered 

in the same or in a stronger way, the response will bring further intensi

fication, ete., until soon the nuclear arsenal will be used fully. 

"Limited nuclear warfare is simply not credible" (65). Esealation would 

be infinite. Disbelief in geographie or other limitations of nuclear war

fare, in "Iimited exchanges", was also expressed by Harold Brown (29,66), 

formerly a weapons physieist in Teller's Livermore laboratory, and later 

Seeretary for Defense under President Carter. 

Many authors emphasized the danger of technical developments that 

faeilitate the crossing of the nuelear barrier, the "firebreak". Among 

them we find H. Scoville (62), a former scientific director of the CIA, 

the specialized physicists S. Drell and F. von Hippel (20), and the lead

~ng physieal chemist G. Kistiakowsky (68) who at Los Alamos in 1945 
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arranged the mechanisms .for the ignition of the original atomic bombs 

and was lat~r personal scientific adviser to president Eisenhower. 

Tactical weapons of low yields might be applied ~V'ithout 'the intention 

of starting a general nuclear war, and yet this may be the consequence. 

It would be particularly dangerous if the decision about their use were 

left to commanders in the field. 

The Neutron Bomb 

In addition to the. original tactical weapons, acting mostly through 

blast and heat, smaller weapons in the Kt range that emit energy mostly 

in the form of ionizing radiation (fast neutrons) have become important, 

partly in the context of the first-use doctrine. They are known as 

"enhanced radiation weapons tl or, colloquially, as "neutron bombs" (24,54, 

64,69). Their deve lopmen t has .been achieved by an increase in the share 

of the thermonuclear (fusion) at the expense of the fission reaction. 

Humans are intended to be exposed to enormous doses of radiation 

even at relatively large distances - many thousands of rem. Then the 

nervous system including the brain is paralyzed rapidly, and no further 

action is possible, though death may not follow until 1 - 2 days later. 

Experiments with animals are meant to show how long after exposure action 

is still possible (70). Protection of soldfers against the radiation with 

heavy shields is hardly feasible, as they must be mobile. 

Some observers show considerable delight in iV'eapons that paralyze 

and kill opponents, but cause relatively little material t1collateral" 

damage to property. They might be used not only against armoured troops, 

but also to conquer industrial property, steel works or oil refineries. 

General G. Keegan, the former intelligence chief of the US Navy, expressed 

his regret that the neutron bomb was not yet available in Vietnam (71). 

Big overdoses of radiation near the point of action imply, of course, 

doses that are still lethai, or at least injurious, over a very much 

larger area. In practice, the area mayamount to many square kilometers. 

The general population iV'ill be struck, and there will be many dead. Even 



16 

larger numbers will be incapacitated, and damaged genetically (72). 

It can be understood that some of the European countries raised 

objections to the neutron weapon. The neutron bomb was shelved under 

Carter, but it is being pushed again by C. Weinberger, President Reagan's 

Secretary of Defense. 

Mutual Assured Destruction (Deterrence) 

According to the original military doctrine that fitted the technical 

situation in the 1960s it was impossible to prevent tremendous damage due 

to attack ("First Strike"). But the country that was hit and devastated, 

certainly maintained the capacity for strong retaliation ("Second Strike"), 

as its weapons and delivery systems could be destroyed only in part. 

The threat of retaliation could, it was thought, deter a possible 

enemy from attack. In this way, a "nuclear equilibrium of terror" was 

established. Conditions were: 

I) The launehing systems needed for retaliation could not be damaged 

lethally by attack, and 

2) The targets of retaliation could not be protected effectively. 

This doctrine is known as that of deterrence or mutual assured de

struction ("MAn"). The world situation is characterized by the fact that 

prudent observers still prefer MAD, also known as "Countervalue" or 

"Countercity Strategy",to the alternative, namely, the "Counterforce 

Strategy", the doctrine of actual nuclear warfare. 

According to the MAn doctrine, none of the two powers could make an 

attempt to win the war after the nuclear "exchange". Thus Kissinger wrote 

in 1962 (73) that "a counterforce strategy, designed to win a victory 

after We' concede the first blow is an illusion The mere effort to 

develop such a force could not fail to lead to a spiralling arms race and 

perhaps provoke a preemptive attack." However, H. Brown insisted on "enough 

reserve force to wage war for a substantial period after a strategie ex

change (45). 

In connection with the perspective of warfare after a nuclear exchange 
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the physicist W. Panofsky (74) remarked that none of the generals or other 

experts know the things aboutwhich they talk. Some may have seen Hiroshima 

or the effects of hydrogen bombs in experimental conditions. But the con

sequences of massive destruction of the complicated tissue of a modern 

civilization has never really been studied. Hiroshima could be provided 

help. But what if a whole country is devasted? We depend on storage and 

transport of food. Electricity is made with fuel, but fu~l must be pro

vided by electricity. Medical services are calculated for normal needs 

when most people are healthy and work. But what will happen when the people, 

in the radiating ruiQs, are shocked, ill and starved? 

The report to the US Congress (8) gave the following estimates Ln 

1978. A bomb of I Mt, detonated on the ground, would produce, in a town 

of 4 - 5 million people, Detroit or Leningrad, 220.000 dead and twice as 

many injured, not counting themany victims of fallout. An explosion in 

1,8 km height would not g~vemuch fallout, but would kill in Detroit 

420.000 and injure 630.000. In Leningrad with its greater population 

density it vlOuld kill 890.000 and injure 1,260.000. A bomb of 25 Mt, 

exploded at a he~ght of 5,3 km, would kill 3 million in Detroit. 

With optimum civil defence, a concentrated attack against the USA 

vlOuld lead to 20 million, wi thout such defence it would lead to 100 -

165 million dead (8). A similar attack against the USSR would cost 23 -

100 million lives, with destruction of 70 - 80% of the industry. (Please 

note the enormous uncertainties in the numbers.) According to an American 

medical group (75), chaired by t~e Director of the Harvard School of Public 

Health, Howard Hiatt, the explosion of a 20 Mt bomb above Boston would 

kill everybody within a radius of 10 km. 

Fetter and Tsipis (12) computed the effects of a hit of a I Mt weapon 

on an atomic power station of standard size, 1000 megawatts electric. The 

whole nuclear fuel with the radioactive fission products would be evapor

ated. These substances, along ~vith the fission products from the bomb it

self, would form a radiation carpet by fallout. Initially the fission 

products from the weapon would have far higher activity than those from 

the reactor, but the latter products are more long-lived. This follows 

from the accumulation of such fission products during long operation of 



apower reactor. Thus the lasting radioactive contamination would be 

enormously higher t~an would be expected from the weapon itself. 
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For comparison, the authors first estimated the area that becomes 

uninhabitable after an explosion in absence of a power plant. Here, as 

later, the basis is that radiation doses of more than 2 rem per year are 

intolerable - although in conditions of war such limits could not be 

obeyed, of course. (The natural radiation dose is about 0, I rem/year, as 

mentioned before.) Then after I week the forbidden area would still be 

86.000, after I year 14.700 and after 10 years 13 km2 . In contrast, after 
. + 

the explos10n of the Mt weapon on the reactor the analogous areas would 

be 220.000 and 130.000 and 47.000 km2 , respectively. If we used, tentat

ively, 50 instead of 2 rem/year as a limit, which could already be quite 

damaging for some people, the forbidden area would still be large. It 

would amount to 60.000 km2 after I week, and to 50.000 km2 after year. 

Even after 100 years it would be 6500 km2 . Practically speaking, this 

area would be uninhabitable permanently. Please note that all these data 

refer to one single atomic power plant, but that in Europe, for instance, 

many nuclear power plants are found within relatively small areas. 

Radioactive contamination would be much worse still after explosion 

of a Mt weapon on a storage tank of a nuclear reprocessing plant. The 

tank chosen by the authors for the purposes of computation stands in West 

Valley, N.Y., and contains 2,2 million litres of a concentrated solution 

of nuclear wastes. Then with a limiting dose rate of 2 rem/year as much 

as 166.000 km2 would still be forbidden after I year, and 2850 km2 

after 100 years. Even with a limiting dose rate of 50 rem/year 47.000 km2 

would remain inaccessible after I year, and a large area after 100 years. 

For comparison: The area of Great Britain is 230.000 km2 , that of the 

contiguous USA 7,840.000 km2 . 

With understandable tendency to exaggeration the biochemist Bentley 

Glass (76) stated that no humans would survive nuclear warfare, not even 

rats, but insects. They resist radiation better, and they would not be 

threatened any more by their old enemies, the birds. The cockroaches 

would take over the remains of the dwellings of foolish mankind. Accord

ing to other authors, survivors would, hunting for food and shelter, form 

+) A weapon of 100 Kt would already be sufficient to vaporize the radio
active contents of the reactor (12). 
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roaming criminal gangs. The report by experts from medical and related 

fields submi tted to the Pugwash Conference at Breukelen, Holland, in 

1980, is given here as Appendix I. 

\{hat would be the effects on third countries? The National Academy 

of Sciences, charged by the Arms Control and Disarmament Agency (ADCA), 

studied the long term effects of a major nuclear war on the Northern and 

Southern hemisphere outside the countries directly affected (7,77,78,79). 

It was assumed that about half the arsenal of nuclear eAplosive (10.000 Mt) 

was used in the Northern hemisphere. It was found that there may be climatic 

changes that cannot be predicted, but may weil be important. The ozone 

layer that protects the organisms from the ultraviolet solar radiation 

would be largely destroyed and could reform only after years. Meanwhile 

bums due to this radiation and skin cancer would be common. Above all, 

the radioactive fission products \vould contaminate the whole Earth and 

would concentrate here and there unforeseeably, like wind-driven snow. 

Although P. Handler, the Academy's President, declared that the after

effects of the disaster would be so terrible that nobody would find a 

place to hide, the Teport was nevertheless accused of playing down the 

consequences. Probably with justification. 

Perhaps the greatestweakness of the report was that it considered 

only the direct physical and biological effects of the detonations, but 

n.ot the social, economic and political effects, dueto the destruction of 

our complicated civilization and its infrastructure: hunger, illness and 

death for hundreds of millions, or even more, also among nations not hit 

directly. Paradoxically, evacuation of the tOWilS would be counterproductive 

for nations as i t ,",ould increase the ra tio of numbers to be looked af ter 

to remaining or restored productive capacity (13). 

Recently secret documents of the British Horne Office were published 

(80). Worked out in 1976, they contain instructions for the maintenance 

or restoration of order in case of war. Rapidly working courts would be 

established that take account of the fact that in the special circumstances 

normal punishment, like prison, ,",ould be insufficient to deter offenders. 

Capital punishment would be meted put by courts consisting of 3 "commissioners". 

In this way anarchy is to be prevented, work (also for disposal of corpses) 
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enforced, and a new financial system built up. In spite of the tremendous 

losses labour is supposed to be available as the pre-war industry would 

mostly have stopped. 

Role of Accident and Human Failure 

Especially since the introduction of the intercontinental rockets in 

the 1960s concern has been expressed about the danger of an accidental 

outbreak of nuclear war. It has been feIt that the ever increasing ac

cumulation of weapons and transport systems of many kinds and in many 

places must sooner or later lead to an unforeseen disaster (81). This 

could have enormous extents. Thus transport aircraft carry, in some 

instances, 88 bombs with 20 Mt explosive power each (82). The total ex

plosive power of such a plane exceeds that of the Hi"roshima bomb a hundred 

thousand fold. 

Explosions abroad would be particularly bad. Quite apart from the 

inevitable consequences of such a nuclear explosion for those directly 

affected, it would be too much to hope that aState or its President 

would take the disaster without counteraction that may weIl be stronger, 

even if the other country were not ascribed warlike intentions. Who would 

let hirnself accuse of meekly submitting to a new Pearl Harbour, and not 

paying back in kind? 

It is possible that nuclear weapons are ignited by mistake, i.e. by 

human failure, or by aStrangelove phenomenon, the action of a madman. 

Already a small group, possibly even one single person, may produce dis

aster. Alone in USA 120.000 military persons have access to weapons or 

weapon material (83). Among them about 5000 must be discharged every 

year because of lack of trustworthiness, above all because of alcohol or 

drugs (83). Neurotic and even psychotic behaviour is favoured by long 

periods of monQtony in rocket bases and submarines. Stress, boredom and 

isolation are part of the modern military scene, especially with atomic 

weapons. Endless hours in mere interaction with electronic devices, with 

repetition of the same long and boring routine - this is the life of the 
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strategic forces (83). And will it in the long run help the launch crews 

that they are prevented from knowing their targets to " save them emotional 

problems", as a spokesman of the Pentagon said (84)? 

There were many instances of false alarm, which in some cases could 

have led to nuclear war (83,85). Thus radio echoes from the Moon were 

ascribed to enemy rockets. At least twice in 1971 it was wrongly assumed 

that American nuclear submarines had been sunk by enemy action. On February 

27th, 1972, as a hoax the message was transmitted to a fair number of 

military units that President Richard Nixon had been assassinated in 

China and that Vice-President Spiro Agnew - since deposed as a common 

criminal - had declared World War Three. Again and again, also in 1979 

and 1980, there were false messages about Soviet attacks that led to 

temporary mobilization of US weapons systems. Large numbers of ~ünuteman 

rockets were put on alert by accidental connection with a computerized 

war game while another time a silicon chip had broken down (86). 

Up to 1977, at least 125 accidents with participation of nuclear 

weapons were recorded in the open literature (85,87). AB-52 bomber with 

4 hydrogen bombs of 24 ~lt each crashed in North Carolina. It was found 

that in one of the bombs of 6 mechanisms against accidental detonation 

5 had been put out of action in the crash (85,88). Also there were accidents 

abroad. In the crash of aB-52 at Palomares, Spain, in two of the hydrogen 

bombs the chemical, though not the nuclear, explosive detonated (85). 

Other events may have been kept secret (85). In December, 1979, the US 

authorities communicated that a large number of accidents with participation 

of nuclear weapons had occurred. Alarm was created all over the world by 

an accident on September 18th, 1980, when one of the giant Titan rockets 

was thrown out of its silo over some hundred feet. A worker had dropped 

a tool and thereby ignited the propellant. Fortunately, the nuclear charge 

did not explode, as we know. 

W.H. Pickering (89), the well-informed Director of the Jet Propulsion 

Laboratory of the University of California, wrote in connection with the 

problem of human failure: "It is a frightening prospect. Far more than 

being slaves of our machines, our very lives depend on the accuracy and 

reliability of a computing machine in a far distant country. The failure 
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of a handful of vacuum tubes and transistors could determine the fate of 

our civilization ll
• We might add: also the failure of a circuit within a 

manls brain. The man could be a President. A few days before Nixon's 

resignation, Schles'ingerthought it prudent to instruct the military 

chiefs that they should not follow lIunusual" orders of the President, i.e. 

the Commander-in"':Cnie'f (90). 

Recent Advances inStrategic Weapons Systems 

In the 1970s the equilibrium of terror, however precarious it was, 

has been threatened by new technical developments. Destabilizing influences 

haveappeared and haveprovoked alarm. 

A. Finance 

About 35 billion dollars' annually were being spent in recent years 

in the world for military research and development (34,65,91), to a large 

part in connection with nuclear weapons systems. In the USA alone some 

20 billion dollars are to be spent for military R & D in 1982, amounting 

to one haU of all Government R & D funds (29). Already in the 1970s the 

expenses for military research exceeded those for medical research five-

fold (65). 

The last military budget of the leaving President Carter (for 1981) 

was 196 billion doilars. His Secretary of Defense Brown predicted 250 

billion doÜad,'forl985 (62). The situation is even worse insofar as 

important hew weapons programmes, e.g. the spying programmed with U 2 

aircraft, are not budgeted openly, but are hidden elsewhere (92). The 

same apparently istrue of finance for neutron bomb R & D. By the way, 

the budget of the American secret services, concealed in the defence 

budget, amounted to about 6 billion dollars annually years aga (93,94), 

and may be much more now. Already in the middle of the 1970s the military 

expenses of the USA exceeded assistance to developing countries t\ventyfive

fold (95), although this assistance in itseU is subordinated to military

political considerations. In the Reagan era new, colossal, increases are 

taking place. 
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In the world, the mili tary used about 500 billion dollars in 1980 

(34). The estimate strongly dependso on the evaluation of Soviet expenses 

in terms of American money (58,96,97,98,99). Clearly one arrives at high 

figures if one takes as a basis how much upkeep of Soviet soldiers would 

cost in USA (100). By the way, there is no doubt that the aggregate 

military expenses of NATO exceed those of the Warsaw Pact, not counting 

the expenses of China and Japan (100). 

B. Rockets 

The warheads and their triggers are being improved all the time. vfuile 

~n 1945 (Hiroshima) the ratio of yield (tons TNT) to total weight (tons) 

was 3000, now a value of 3 million and more has been exceeded. 'It approaches 

the theoretical lirriit.Clearly with chemical explosives the ratio must be 

below I by definition (33,48,65). 

The precision of the missiles has made enormous progress. As long as 

the strategic rockets were to serve for retaliation only, modest accuracy 

was sufficient. Now they have become precision weapons even over enormous 

distances. This is due to the combined effect of improvements in materials, 

in the computers, in navigation, and in advanced guidance systems (24,28, 

37,48,58,69,101,102,103,104, lOS, 106). 

Mathematical analysis, largely by K. Tsipis, has shown that in attacks 

against hard targets it is far more effective to increase the precision 

than the explosi~e ~ower of the warheads (58,91,101,107,108,109,110). 

After the Second World War, the American military at first declined large

scale development of the strategic rockets captured in Germany, as the 

precision was too low. With a launch from a solid base, it was 35 km. This 

figure refers to CEP (circle, error, probable), i.e. the radius of the 

circle within which, on an average, one half of the warheads come down. 

But already in 1963 for American ICBM (presumably Minuteman 11) an exist

ing CEP value of 800 m was quoted, a projected value of 400 m, an intended 

value of 200 m and a possible value of 100 m. The value of 400 m has 

practically been reached for the' older version of Minuteman 111, range 

13.000 km, and that of 200 m for Minuteman 111, mark 12 A. Every single 

Minuteman 111/12 A is as deadly for a hard target as 10 Minutemen 11, and 
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it can also destroy as area 29 times larger than the bomb of Hiroshima. 

For the most recent strategie rocket, MX (see below), 100 m is aimed at 

(33,101,104,111). ThemostpreciseSovietICBM, namelySS 17,18, 19 are 

ascribed CEP values of 350 m at present, but this value may be halved 

within a few years (24,29,33,34,101). Most Soviet ICBM still use liquid 

fuel. 

A CEP value as low as several dozen metres may be obtained with 

terminal guidance (MARV, see below). Such accuracy is also known as 

lIabsolute", as it implies a direct hit of the target, Le. the target 

disappears within the crater. The marved MX missile is to be tested in 

1983 and deployed in 1986. Also Trident 11, carried by submarines, and 

the cruise missiles are to be marved; see below. 

The improvement of the computers is largely due to their miniaturiz

ation and microminiaturization. Tsipis (108) reports:"A density of I 

million devices is reached per I cm2 of a substrate material 0,25 mm 

thick. and a memory of 100 million bits per cm3. The accuracy in delivery 

is much improved by many kinds of most complicated and expensive devices 

that are based on inertial (gyroseopie) systems and on radiations of 

various kinds. The needed constructive precision may be gauged from the 

fact that a dust particle on a accelerometer, weighing I twenty millionth 

gram, already gives an error of 200 m in range and of 70 m in track, and 

that a shift in the centre of gravity of a gyroscope wheel from its 

symmetry axis by I twenty millionth cm gives an error of 100 m in range 

and of 70 m in track. All components must function in spite of the enormous 

strain during the launch and during the passage through the atmosphere. 

They are supposed to work in a range of accelerations 1:1 million, and 

always wi th aprecision 1: 100.0001! If the burning of the propellant were 

concluded one thousandth of a second too late, this would produce an 

error of 600 m. 

For a"cold launch" the rockets in the silos, as in submarines, are 

lifted first by compressed air or carbon dioxide. Thus no heat is generated 

within the silo, and the guidance is improved. Moreover, no shields for 

protection against the heat are needed so that the rockets can be larger 

(101,112). 
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To be ready for strikes, the strategie weapons in silos and sub

marines must, as has been mentioned, be programmed already in peace time. 

This involves, in the USA, a most secret central document, SIOP - Single 

Integrated Operations Plan (113). All the time the computer plays possible 

variants; only loss of the war is excluded and expressly forbidden by 

decision of the US Congress (53)+). To improve flexibility the replace

ment time of one target by a different target for an IBM has been cut 

down from 20 hours to 36 minutes, and the replacement can be carried out 

from the control tower (Command Data Buffer System; 28,33,35,48,102,115). 

For the future, reprogrammation in real time is hoped for, 

The question arises which countries are included into this plan as 

possible target areas. This question naturally also applies to the minor 

nuclear powers, e.g. France (115). Should the weapons be directed II tous 

azimouths", as ordered by de Gaulle? 

Targets qre situated also in al lied and neutral countries, as the 

towns or other objects could be occupied by an opponent, or because the 

military wants to act preventively and deny the use of objects to the 

opponent. For instance, in June, 1980, extensive target lists were 

published by the '.J'eekly ''New Statesman ll in London. The l,ists had been 

diverted by an American military man in the 1960s, and are generally 

accepted as genuine. They included the whole of Europe, except Britain. 

For instance, in Austria we find, in addition to major towns like Vienna 

and Linz, small places, like Tulln or Wolfsberg, bridgeheads and railway 

junctions. These latter data were published in September, 1980, by the 

Vienna journal "Profil". 

C. Antiballistic Defence 

From the MAD point of view, concern exists that a Second Strike of 

+) IIThe New York Times reported a "tumultuous session" of Congress, and 
"the most heated debate of the year" brought forth one of the strangest 
resolutions ever issued from that body. This one, ... , passed in August, 
1958, specifically forbade the use of any federal funds to finance the 
study of surrender ... Even the fearless Herman Kahn, forever urging us 
to call aspade aspade and a grave a grave in matters of nuclear war, 
prefers to discuss "responses to postattack blackmail ll rather than 
Ilsurrender negotiations"!! (114). 
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moderate strength, still possible after a particularly successful First 

Strike, could be blunted by an improved ABM system (116). Consequently 

any hint about construction of ABM systems is bound to produce constern

ation on the other side. This is paradoxical, but justified. Yet in spite 

of further extensive and costly development work, no technical breakthrough 

has been achieved. The ABM installation in North Dakota, mentioned before, 

has remained the only such thing in the USA. After it had cost 6 billion 

dollars, it was, because of inefficiency, mothballed in 1976 (93). ~ot 

even the chances of antiaircraft defence are too good. Yet it would be 

dogmatic to rule out the possibility of at least partially effective de

fence systems (58,102,117). 

The SALT agreements limited the number of ABM installations at first 

to 2, and later to 1 on each side. These numbers have so far, in spite of 

expiration and non-ratification, been maintained. 

A more specialized problem is the killing of satellites (69,102,118). 

On the basis of abilateral US-USSR agreement satellites do not directly 

carry nuclear weapons now, but they are invaluable in connection with 

verification (spying), with early warning, with navigation and with the 

targeting of missiles. These unarmed satellites may be approached by 

killer satellites released from aircraft of from the ground. They are 

attracted by the heat emitted or locate their targets by radiations. They 

carry explosives or simply crash into their victims. Killers are cheap 

and can therefore be applied in large nurnbers. Could satellite killers 

be used against rockets carrying nuclear weapons in time of war? 

D. MRV, MIRV and MARV 

In the early MRV (Multiple Reentry Vehicle) system a missile scatters 

warheads, without individual aim, around a target (5,26). Later, warheads 

have been programmed individually against targets (Multiple Independently 

Targeted Reentry Vehicles, MIRV; 2,5,24,30,119,120,121). All the warheads 

can be placed together on an inertially guided space bus, as the homely 

expression goes. According to its computer programme, the bus moves from 

one target to the next. On the way, it may change direction and speed, 

and the warheads are released one by one. Thus the total nurnber of war-
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heads in silos or submarines is multiplied (24,33,107,122). Assuming good 

precision, large areas can be devastated more or less uniformly, and use

less oversaturation near a centre is avoided+). Above all, several (at 

least 2; see below) warheads can be directed against important hard 

targets from one bus, as will still be discussed. 

Thus each Minuteman 111 carries 3 warheads, and each missile on an 

improved Polaris submarine ("Poseidontf
) 10 - 14 warheads (1,18,19,29,39). 

Each submarine with its 16 launching tubes has, then, up to 224 warheads. 

The Harheads of Minuteman II are Horth 170, beginning in 1979 (Minuteman 

111/12 A) 335 - 370 Kt (about 25 - 30 times Hiroshima), and every Poseidon 

Harhead 40 - 50 Kt. The Soviet Union started mirving several years after 

the USA (49). The Soviet rockets SS 18 and SS 19 can be equipped with 6 -

10 warheads, 0,5 Mt each (29,101), and the intermediate range SS 20 Hith 

3 warheads, as mentioned before. 

Problems in MIRV are due to the tremendous atmospheric effects of 

the explo.sions - rocks throvlD up, s trong electric and radiation fields, 

storms, dust clouds (101,108). A I Mt Heapon, exploded on the ground, 

thrO\\Ts ] million tons of dirt into the air; the next weapon is not protected 

against the impact of rocks (124). These effects tend to reduce precision 

in trying to hit one and the same target by several warheads within a 

short time (interference, fratricide - the latter term is owed to the 

Pentagon). For this reason, no more than 2 warheads may be employed against 

one and the same hard target (silo), one on ground level, and one at a 

height of several hundred metres. On the other hand, these effects can 

make difficult (delay) the launching of enemy missiles that escaped de

struction C'pindo"\\Tll effect") (117,125). 

At a further stage, MIRV is to be replaced by MARV (Multiple Manoeuvr

able Reentry Vehicles). Here the rockets and/or the warheads search for 

The famous physicist E. Wigner, like Teller and von Neumann originally 
a Hungarian, in 1969 bemoaned that in the transition from single to 
mirved warheads, because of the need for additional devices, the total 
tonnage in a missile is reduced. He overlooked that this (modest) re
duction is overcompensated by far by the improved possibility to cover 
large areas uniformly (123). 
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their targets aetively (24,28,34,101,102,103,104,106,107,126). Orientation 

may be by the stars. In this way, the Universe at distances up to thousands 

of light years is at the service of the destruction of h,umans. 

Alternatively, navigation is carried out by observing the country 

with radar or laser radiation. On a smaller scale, IIsmart bombs ll with 

chemical explosive were guided by refleeted laser rays in Vietnam (26,91). 

Differences in height and even artificial structures (buildings) are ob

served. The information brought in by the "sensors tl is compared with that 

in a map carried along on board, and the rocket is steered by a computer 

all the time on the bas is of this comparison (106, 107). This is the "Tercom" 

system (57,102, 127,128). In the 1980s satelli tes will allOvl determination 

of positions of missiles by the ''Navstar lf system vlith aprecision of 10 m 

10 times each second (117). The CEP value of the future marved ICBM war

heads is said to be as small as 30 m at a range of the rockets of 13.000 km 

(37). 

E. Strategie Submarines 

Already no,;., most American strategie rockets are carried by submarines, 

particularly by the mirved form of Polaris, Poseidon. The President of the 

USA stated in his State of the Union Address on January 23rd, 1979, that 

a single one of the relatively invulnerable Poseidon submarines, less than 

2% of the total strategie US weapon power, earried enough warheads to 

destroy all big or middle size Soviet towns (58). 

Yet the new submarine flTrident ll (24,26,28,29,48,102,122,129), deployed 

from 1981, is as large (19.000 t) as Poseidon, and costs nearly 

2 billion dollars apiece. Trident is faster and less noisy than Poseidon. 

The range of Trident I rockets may be 7000 km against 5000 km for Poseidon. 

They can also be carried by Poseidon submarines (129). This is intended 

by Britain (J 30). For thesame target, eaeh submarine equipped with Trident 

rockets has many, perhaps 16, times more ocean area available than Poseidon. 

Trident has 24 launehing tubes, and every rocket will carry 10 war

heads. They yield 100 Kt each with a CEP value of 500 m (Poseidon 550 m, 

Polaris I 900 m). Later the strength of the warheads is to be raised to 

400 Kt, and they are to be guided by "Navstar" or to be marved (Trident 11), 

to make the precision absolute. In this way the submarines, originally 
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meant for retaliation, become attack weapons against strategie targets, 

including rocket silos. Thus they become instruments for actual nuclear 

warfare and maybe for First Strikes (131). 

The Soviet submarines (29,36,122,132) carry rockets up to I Mt. An

other part is mirved, and carries 3 rockets, 200 Kt each. Estimates about 

ranges differ widely. CEP is reported to be more than 1000 m; so there is 

no hard target kill capacity. The most recent Soviet submarines, said to 

be comparable to Trident, are called Typhoon, as President Brezhnev stated 

1n February, 1981. 

For reasons of geography the use of strategie submarines 1S very 

much more difficult for the USSR than for the USA, whieh have many bases 

all over the world (124). Only the few largest and most modern among the 

Soviet submarines can reach the Ameriean eontinent with their rockets from 

their home waters while the other boats must first undertake risky journeys 

to the open oceans across hostile waters. Furthermore, owing to the lack 

of widely distributed and capable bases a far smaller part of the Soviet 

than of the American underwater navy is operative and on station at the 

same time (29,122,124,133), possibly 6 - 7 against 25 American submarines 

(38). 

The diffieulties in the fight against submerged strategie submarines 

are great (122,133,134,\35). Therefore alone in the USA 7 billion dollars 

annually are spent now for R & D in this·field. The main part in the fight 

would be played by passive and active use -of ultrasound (sonar). Thus 

either the sound emitted by the boat or the sound reflectedby it is 

measured. The hydrophones are plaeed on the sea bottom, earried by buoys 

or, towed by ships. The propagation of the sound in the water is strongly 

influenced by the momentary conditions in the water and in the air. Hence 

the information from the sensors is combined automatically with meteorolo

gical and hydrological data by enormously efficient (and expensive) com

puters. Other methods for submarine loeation rely on optical methods or on 

the analysis of water waves. 

Attack on strategie submarines is possible by aircraft, mines and, 

above all, by hunter-killer submarines. Integrated action is particularly 

effeetive (\33). The hunters compete with their victims in diving capacity, 
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speed and smallness of noise. Every submarine can be identified individu

ally by peculiarities of its noise (58). No doubt the USA can attempt to 

keep track of every single strategic submarine of the Soviet Union already 

in peace time. As far. as success is obtained in this respect, a simultaneous, 

concentrated, attack could be ,undertaken right at the start of war against 

all Soviet boats.F,or, reasons both of geography and of state of develop

ment in this Held a .similar task is probabl;y, beyond Soviet possibilities 

for a rather long time ,Sti 11. 

Not even concrete silos offering sufficient protection, submarines 

can be hidden in deep canyons on the ocean bot tom. At the given time the 

order must reach them to rise and to launch weapons. The needed communication 

could be ensured· by ultraslow.electromagnetic oscillations, which are pro

pagated by the crust of the Earth ("Sanguine", Seafarer" and "ELF" systems). 

Antennas for the emis.sion of the signals, thousands of kilometers .long, 

would be arranged chessboardwise underground (\36,\37). However, no suit

able area in the USA has so far been foun~ (\38,\39). Concern exists about 

the influence of th~ electromagnetic fields on the health of the population 

and on the value of property (\39). A further, likewise uncertain, method 

would involve spinning out wires of enormous length that emit long radio 

waves from aircraft over the ocean (53) 

F. Bombers and Cruise Missil'es 

For many years an intercontinental bomber B-\ with most sophisticated 

equipment ,vas planned (140, \41). The carrying capacity could be 250% of 

that of existing bombers . However, it eould cost 100 million rather than 

8 million dollars apiece (103). B-.\ could have a speed of 2000 km/hour 

and yet fly at such low. altitude that radar location is difficult. Rockets 

of intermediate range (500 miles) could be launched from these carriers. 

About 250 such bombers ,were intended to be buil t,. and they were supposed 

to take in 5280 nuclear warheads. Yet by Carter's order of June, 1979, 

only R & D was to be continued, and only prototypes were to be made (58). 

The reason was that B-1 was made superfluous by the development of the 

much cheaper long range cruise missiles (LRCM), i.e. the cancelling of the 

B-\ was no act of unilateral restraint (57,69). However, the discussion 
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bought in 1982 already (29). 
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On the Soviet side there is no new true long-range bomber, and the 

obsolescent long-range bombers have, other than the American B-52, not 

been upgraded (29). A new medium-range bomber is called "Backfire" by the 

Americans (30,34,142). This has a range of 9000 km and would be eminently 

suitable for warfare in Europe or against submarines. On the other hand, 

Backfire could be used intercontinentally only with refuelling in the air. 

Like the German V-I during the last War the cruise missile is driven 

by a jet motor fuelled by heavy oil, and is therefore no rocket (28,30,57, 

60,106,107,109,127,128,143,144,145,146). By light construction and above 

all by use of microelectronics the cruise missiles have become very 

efficient at least in the USA. Like marved yarheads of rockets the cruise 

missiles now look for their targets by means of electronic maps according 

to the "Tercom" method, mentioned before, or according to other methods. 

They are intended to have absolute precision (CEP 30 meters and less). 

Kinds of cruise missiles, but with chemical explosives, have been 

~n the tactical arsenals since the last War. With nuclear explosives they 

have now become strategie weapons, at least on the American side. It was 

reported that the Pentagon means to buy 10.000 of thern (58). The price is 

perhaps only 0,5 - I million dollars each. Hence the purehase of cruise 

missile could also be considered by smaller powers (143). 

The Air Launched Cruise Missile ALCM, to be deployed from 1982, flies 

below the speed of sound, with about 800 km/h, but at such low altitude 

(in suitable country 50 - 150 m) that it is immune against existing radar. 

On the radar screen it is no more conspicuous than a seagull or even a 

sparrow (145). The range may be 2500 - 4000 km. The weight may be less 

than I ton so that the weapon itself may weigh several hundred kilos, more 

than enough for a 200 Kt weapon. For instance, aB-52 bomber could carry 

20 - 25, a Jumbo Jet even 100 such ALCM. Every one of the 20 ALCM from a 

B-52 could destroy an area 6 times larger than the Hiroshima bomb (58). 

Many American ships are equipped with the likewise very precise 

"Tomahawk". In the end, every submarine is planned to carry 30, every 

destroyer 50 such cruise missiles. Trucks are meant to transport the 464 



32 

long range cruise missiles of NATO tn Western Europe, GLCM. They belong, 

as has been pointed out, like Pershing 11 to the Forward Based System, 

FBS. 

Because of the aiternat{ve to carry either chemical or nuclear ex

plosive, the firebreak between conventional and nuclear warfare can be 

crossed particularly easily withcruise missiles. This, too, is a de-
j'- ,; 

stabilizing factor. 

The First Strike Threat 

It has been seen that the concept of nuclear warfare (counter force) 

pushes forward at the expense of that of nuclear deterrence (countercity). 

As has further been pointed out, unlimited escalation would be probable, 

i.e. tactical and theatre nuclear war would quickly lead to strategic 

nuclear war and to total nuclear war. 

In addition, the option' is being discussed increasingly that nuclear 

war is started directly with a total blow, to surprise and to annihilate 

the unsuspecting opponent. In fact, M. Ryle (21) now goes so far as dis

count the "escalation hypotheses" in favour of the "First Strike hypotheses". 

This First Strike presupposes sufficient strength and sufficient precision 

of the blow. All enemy weapons useful for retaliation, in long range air

craft, in rockets and in s~bmarines, must be put o~t of .action. In view 

of the general situation described (geography, availability of bases, 

technical development, nurnber and precision of warheads, state of readi

ness) a First Strike from the Soviet Union against Arnerica would be in

comparably more difficult than one from Arnerica against the Soviet Union 

(29,124). After a First Strike against the Soviet Union, this would still 

be capable of a devastating second strike with int~rmediate range weapons 
. 

against Western Europe (21). 

Previously, the silos were considered as not destructible with cer

tainty sufficient for a First Strike. But with a CEP value, now attain

able, of a quarter mile each silo can be destroyed with 98% probability 

by 2 warheads of 200 Kt each (147). This could be achieved, e.g., by a 
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mirved Minuteman rocket. The hardening of silos cannot keep in step with 

the increasing precision and destructive power of the warheads (110,148). 

It has already been' 'explaine'd' that 'even submarines are becoming more 

vulnerable now, also by 'First, Strikes. 

The ,concern about First Strikes increased when Schlesinger, as 

mentioned, annouriced his flexible target doctrine. Targets were to be 

selected not only ,among 'population centres , but also among military 

installations. This trend was certainly facilitated by the fact that the 

number of mean:i:ngful countervalue targets (towns) was much smaller than 

that of the available nuclear weapons (121). Yet Schlesinger by his 

doctrine merely' 'ex'pressed d'evelopments that had long been under way (20, 

28,112, II,J, 115). B-riefly, the Schlesinger doctrine aims at success in 

nuclear warfare· rather than at its prevention. 

Carterls famous Presidential Directive no. 59 (45,51) in August, 

1980, thewordiuK'of which isstill a secret, was a further milestone on 

the way to nuclear warfare. Now apparently fixed military installations, 

presumably including the Soviet silos, became official targets. Clearly 

the counterforce' doctrine against silos makes sense only in connection 

with a first st'rike, as otherwlse orrly the empty silos would be hit. 

Kistiakowski' (68) asc'ribed particular destabilizing effect to Directive 

no. 59. 

Quite gene'rally, 'the technical progress along the various directions 

lS clearing the"päth 1:6 n'ucle'ar warfare and to a First Strike strategy. 

Precise gtlidance 'and pr:ecise warheads, HIRV and MARV are not needed for 

deterrence, but for the destruction of silos, submarines and other 

strategie targets (28,58<,147). The MX weapon, now in development, is a 

furtherimportant'st:ep onthe way from deterrence to nuclear warfare, 

especially to strategic warfare. Trident 11, with its absolute precision, 

could likewise bEi' used' for a firs t strike. The cruise missiles also will 

have absolute preeision, 'but they move relatively slowly. 

A First, StriKe wöuld 'have to be nearly complete. If the at tacker 

limited himself·to the~destru~tion of part of the opponent's silos and 

submarines, the latterwould answer with the remaining strategie weapons. 

Scoville (67) warne'd against't:he assumption that the victim of a First 
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Strike would not retaliate as long as he ean. 

Yet one hears that a partial strategie attack could aehieve the 

paralysis of the opponent's CCC centres (eonununication, conunand, control). 

But how does the opponent answer this threat? Obviously by deeentraliz

ation, i.e. by giving powers to supordinate officers. Thus one would attain 

exactly what oneshould ,want to avoid: increased danger of unauthorized 

actions by such persons, which would lead to a total collision as a con

sequenee. 

Moreover, the. des true tion. ofthe connnand s tructure would further 

reduee the possibilities of an ordered termination of a nuelear war, as 

far as such possibiliti,es exist at all. Reports are grotesque according 

to which the Cornrnander-in-Chief of the USA should direct militaryactions 

(and negotiations of peace??) from aircraft during nuclear warfare (53, 

149) . 

Whether intended or not, the detonation of nuclear weapons in space 

would lead to more or les$ eOI!lplete p~ralysis of the civilian and military 

conununications network (45). This is due to "EMP" , the "electrornagnetie 

pulse", an effect discovered by.chance after a test explosion 250 miles 

above the Pacific wQen lights in Hawaii went out, and not easily explained. 

Apparently EMP is due to produetion of electrons in the higher atmosphere 

on impact of gannna rays from fission products. Transistors are more easily 

damaged than vacuurn tubes. It is feared that after a detonation of a single 

Soviet weapon in space above, say, Nebraska, the US power grid might go 

out, a11 not-self-contained eleetric applianees shut down and a11 civilian 

telephone lines go dead. The ,protection at least of the military communic

ations network is an inunensely difficult and costly business. The existence 

of EMP is also an argument against the eoncept of limited nuelear warfare. 

CCC are under a deadly threat. 

It is true that the technical difficulties of a Firs~ Strike are 

still very great'and that th~ vulnerability of· the targets is possibly 

exaggerated (29,101, 125). ~t is one thing to eompute or even to measure 

the CEP value and the probability of a kill of a target so-to-speak in 

iso la tion. Another thing is to reach a11 .targets in real warfare . War 

always leads, to an enorrnous extent, to disorder, disorganization and 
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error. Even Schles (69) kept underlining that nobody can foresee the 

reliability and precision of strategie weapons in mass use in 

conditions. Finally, ~'le have to recall that it suffices for retalia 

if one component of the triad ICBM - submarine - aircraft remains lative-

ly unharmed (125). At leas t this is true for the USA where all three com-

ponents are strong. 

Nevertheless it is intended to make the ICBM invulnerable mobility 

and tion (69,102). According to a plan in realization (28,58 02 104, 

111,117,150) 200 }IT rockets are to be moved by a fleet of 

th of 500 tons each between 4600 silos ("shell gamelI). Either 

the rockets can rapidly be introduced, in case of an attack into secretly 

chosen silos, or they are concealed among an excess number of sham rackets 

in such a Ttlay that the opponent cannot distinguish. Even the 

involved in the shell garne does not know whether they are 

or sham rockets. 

The 11X bases (I1race tracks ll ) are placed into the States and 

Utah. 2000 miles of new raihvay lines and much more of neTtl roads 11 be 

needed. The installation has been called the largest construct~on enter

prise ever undertaken by man (151). The system with its rockets is to 

cost at least 33 in an extended form even 55 billion, dollars (29, I 

151). In the Soviet Union Iikewise a mobile intercontinental rocket 16, 

is developed (37). Apparently this has not been deployed 

The mobile interrrediaterange rocket, SS 20, mentioned before. is derived 

from the SS 16. 

There are objectlons against the }IT scheme. MX is a Firs 

weapon and therefore provovative (29,124). Further, it is the 

scheme is too expensive (29,117,125,152,153), too clumsy Ca Rube GoI 

154) and favours a Maginot Line mentality (155). Permanent 

tion of the opponent is said to be possible, if at all 

scale sion and police action (152), The MX system 

completed, oe obsolete (117,155). Also it is stated that the opponent can 

be led to thi~k that all launching points are secretly to be filled th 

genuine rockets, and in this way he could be incited to preventive action 

(117), Thus he would be tempted to destroy the system by a 

attack (29,125,154,155). He might attack aillaunching points simultaneously 
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as soon as he had enough rockets warheads, presumably by upgraded mirved 

SS 18 missiles. An argument is also the damage to the environment in the 

States concerned (151,153), and the Mormons in particular resent the 

interference (156). These last arguments sound rather ridiculous in view 

of the damage that would follow from actual attack. However that may be, 

alternatives to the MX scheme are still being discussed (117,125,131,154). 

Some of them, promoted by Drell and Garwin, involve additional submarines 

of limited cruising range. 

Clearly all "mu l t iple aim programs" (MAP), including the MX scheme, 

would endanger the check by national means on the number of weapons ~n 

accordance with international or bilateral treaties, and would have ~n 

this way further destabilizing action (24,30,50,69,111,125). 

The Ultimate Absurdity 

A successful first strike that is carried out with sufficient prepar

ation, precision and power, can be prevented only by use of onels own 

strategic weapons before they are destroyed. In this case the attacker 

hits only empty silos, airfields and submarines. Of course the weapons of 

the defender must be directed against retaliation (countercity) targets 

as the strategic bases of the attacker are empty already. 

But can the defender use his strategic weapons before he is hit? The 

time at his disposal is short indeed. lihen airplanes were the fastest 

weapons carriers, the time beGleen the first warning by advanced radar 

and the arrival of the weapons in the target area were 90 minutes or so. 

With ICBM, the time between launching and arrival is 20 minutes only, and 

the time after the crossing of the radar lines is even less .. For weapons 

from submarines or from Forward Based Systems the times may be less still. 

Imagine the situation when a full nuclear attack is suspected! The 

decision maker (President, etc.) must be permanently ready to take the 

decision to end our world literally within a couple of minutes. Whether 

he is on a journey, attends asports event, enjoys the birthday party of 

his grandchild, or even when he is deeply asleep - at any instant he can 

be faced with the need to decide. No time for consultation, for questions, 
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whether perhaps it is a case of error, of mystification or of an action 

by a madman, whether an instrument failed or confused missiles 

with flying geese or with the Moon, as has happened No possibi li ty to 

review the decision of the President, or to reverse it. 

In his meritorious and frightening book "Race to Oblivion" H. York 

sees a last consequence - a consequence that he detests (106,156): Launch 

on Warning. It is said (157) that e.g. the leading weapops expert R. Garwin 

supports this idea. On the other hand, the former research chief of the 

US Department of Defense,. W. Perry,remarked that he could not even discuss 

this option without breaking into tears (154). 

York sees an ever-st.ronger tendency to make decisions automatie. 

After reception of the automatized.warning that enemy missiles are on the 

way, onels own missiles are launched automatically, possibly without any 

inclusion at all of a human into the decision process. This means: as soon 

as the machines have detected above the horizon something which they 

consider as missiles and which moves on certain trajectories, the machines 

press, so-to-say, the button. Irrevocably hundreds or thousands of ICBM 

go into action and devastate the enemyls country. The enemy would hit 

empty silos, but foll.ow up with blows against population centres. Mutual 

annihilation is guaranteed. 

It is paradoxical: extreme automatization leads to excess strain 1n 

man. Temporarily one tries to es cape by further automatization. The other 

side follows, and so the strain gets worse again. In this way, less and 

less security is obtained for more and more effort and money. 

Rightly this situation is called ultimate absurdity by York. Thinking 

observers that want to escape the spiral of escalation ask that the problems 

are met on another than the technical level. All too often it is forgotten 

that in the last analysis the problems are human problems, i.e. political 

problems. Hence true sol.utions can be sought and found only on a political 

level. Unfortunately the existing international or even bilateral agree

ments about limitation or reduction of armaments are shamefully small both 

in number and scope (158). 
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Limitation of Armaments? 

The possibility of the SALT agreements is bound up with the incred

ible progress in the technology of verificatiOn (28,35,92,124,159). By 

means of photography or other techriiq~es, obj~~ts on the ground that are 

a few centimetres (l) large can still be observedftomsatellites. These 

methods will have to be developed even further if and when their task will 

not be detection of military aetivities,but veriflcation of disarmament 

measures. 

Alarm about the increasing dangers has s'tirely been'orie of the motives 

for SALT. SALT 1 has led to partial agreement in ~ 1972. Unfortuna tely, no 

disarmament measures were included. On thecontrary', the permitted levels 

often exceeded existing levels (160,161). SALT 2 presumably will not be 

ratified. Moreoverthird po,,,rers, notably China~ have no t associated them

selves with the negotiatians. 

Furthermore, we observe' a: strang te'ndency to compe'n.sateand over

compensate quanti tative' res trictions 'through q'uali tative itnprovements 

(26,49,158,161). Influential mili'tary, industrial and political leaders 

make their acceptance of agreements dependent onwidened p6ssibilities 

to follow up open lines of military development. 

In 1979, Kissinger (58) said in respect to SALTI: "Our strategy was 

to agree on a five-year freeze -the interval we judged would enable us 

to catch up by deve16ping cruise missiles, a newsubmarine (Trident), a 

new ICBM (MX) and the B-I bomber .. , We stopped no programme; we accelerated 

several ... If there had been no agreement, we' could have done no more." 

Similarly Carter (58) stated in the same year that SALT 2 will allow the 

USA to pursue all the defense programme "whidi' we 'believe we may eventual

ly need". Specifically he named MX, the Trident~ submarines and missile 

aircraft to carry cruise missiles, and a new, penetrating bomber. 

By the way, the improvements in the weapons systems, however important 

they may be. are often not a result of a dramati~ ~~cisiorion a high level 

that must be separately financed and can be scrutinize'd in parliaments or 

elsewhere (102). Rather, every day large numbers of scientists and 

technologists are, as a matter of course, busy improvingcomponents. They 
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keep within the routine budgets. When they are successful they also make 

progress in their career. The aggregate effect of this " technology creep" 

is tremendous. For instance, the reduction of CEP has been due to such 

day-to-day work. 

Since 1945 the abolition of the nuclear arsenals has, more or less 

sincerely, been generally accepted as a goal. This task has been made much 

more difficult by the discovery that all and anyplutonium from power 

stations, i.e. also plutonium containing a great deal of plutonium 240, 

can be used for nuclear weapons. By the year 2000 the world's power 

stations will produce material for hundreds of thousands of plutonium 

bombs annually (162). 

The scientific and technological know-how for the production of 

weapons lS no secret any more. The existing nuclear powers and the non

members of the Non-Proliferation Treaty (NPT) can in any case do with 

their plutonium as they please. Nor does NPT forbid any member the con

struction of the needed equipment, i.e. of components for weapons. Only 

nuclear weapons themselves and other explosive nuclear devices are banned. 

Therefore in a critical situation it will be sufficient to "fill in" the 

plutonium. Moreover, the members of the treaty can withdraw from it with 

only 3 months notice. 

According to York an evil fact consists in the tendency of the hawks 

to worst-case analysis (5,112,124,159). All dangers are assumed to exist 

at the same time, even though every one of them, taken singly, has only 

a small, maybe a vanishing, probability. Planning is carried out on this 

basis. The opponent is forced to follow, and so endless escalation takes 

place. This way of looking at things often leads to counteractions ln 

absence of actions. Thus McNamara (159) confessed in retrospect that he 

had acted in this way concerning the ICBM in 1961. 

I t is tempting to introduce new \Veapons sys tems that force the opponent 

into even greater expenditure. An example is the cruise missile. Here the 

ne~ly required defence system, however inadequate, will cost ten times 

more than the attack system (57,145,163). This approach is especially 

fruitful for the richer country, where, at equal monetary value, the out

lay in relation to the national product is in any case less than for the 
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poorer country. So the finances of the latter are ruined. It is "armed 

to death ll (totgerüstet). This is, in the view of this author, a main 

reason why the USA maintain an enormously larger level of armaments than 

could, from the US point of view, c~nceivably need in any circumstances. 

The oversize of the US armaments has been emphasized, e.g. by the out

standing physicist, P. Morrison (164,165). 

Qualitative advances and new developments in armaments technology 

could be hampered by total interdiction of all nuclear tests, including 

underground tests (111,166,167,168). Already now tests can almost always 

be detected seismically by national means, i.e. they are distinguished 

from natural events (169). Unfortunately, underground tests up to 150 Kt 

are still allowed by agreement between the USA and the USSR. Apart from 

the tests admittedly carried out for military purposes, an ideal excuse 

for testing is provided by socalIed peaceful nuclear explosions (PNE). 

The true economic value of such explosions, for long times dear to Teller, 

is in the view of most experts really small or zero (166,169). Neverthe

less they are still fairly frequently carried out (167). 

Resistance is offered to the idea of a total test ban by the hawks 

not only bec?use of their general desire for ever more new weapons, but 

also for the specific reason that it would prevent periodic checks on the 

existing weapons (150). The military could not be sure whether the nuclear 

stockpile (really: the associated equipment) does not deteriorate during 

storage. So the demand is raised to keep permanently the possibility for 

a number of periodic tests at least. 

The real power behind thearmaments drive is, of course, the military

industrial complex. Any argument against disarmament and in favour of new 

weapons systems is taken up and developed by this complex. The more 

destructive and expensive these systems, the more prestige and power 

goes to the military leadership, overwhelmingly consisting of hawks, and 

the more business and profit goes to the manufacturers of armaments. The 

military-industrial complex takes care that weapon systems that initially 

vlere meant as IIbargaining chips 11 in negotiations, are fully developed 

subsequen tly. According to Kissinger ,this applied, for instance, to the 

cruise missile. Unfortunately the Trade Unions of the armaments industries 
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often jumped on the band waggon, too. They dragged along other parts of 

the working class of their countries. 

The expression "rnilitary-industrial complex ll has been coined by 

President Eisenho\ver. His farewell words were (170): IIThis conjunction of 

an immense military establishment and a large arms industry is new in 

Arnerican experience ... We must guard against the acquisition of unwarranted 

influence ... by the military-industrial complex. The potential for the 

disastrous rise of misplaced power exists and will persist. 1I Eisenhovler 

told York, who had become his personal friend, that these words were the 

decisive passage in his farewell address CI7!). Eisenhower's other friend, 

Kistiakowsky CI24), likewise stresses the decisive role of the military

industrial cornplex. 
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APPENDIX 1 

Report of the Medical \.Jorking Group of Pugwash 

As doctors of medicine and scientists in health-related fields from 

many countries present at the 30th Pugwash Conference including: Brazil, 

Chile, Czechoslovakia, Egypt, Finland, France, Kenya, The Netherlands, 

Nigeria, Poland, U.K., U.S.A., U.S.S.R., and Venezuela, we issue a warning, 

based on medical and other scientific data, that should become widely known: 

1. That Medical Disaster-Planning for a Nuclear War Is Futile 

A nuclear war would result in human death, injury, and disease on a 

scale that has no precedent in his tory, dwarfing all previous plagues and 

wars. There is no possible effective medical response after a nuclear 

attack - in one major city alone, in addition to the hundreds of thousands 

of sudden deaths, there would be hundreds of thousands of people with 

severe burns, trauma, and radiation sickness all demanding intensive care. 

Even if all medical resources were intact, the care of these immediate 

survivors would be next to impossible. In fact, most hospitals would be 

destroyed, medical personnel among the dead and injured, most transportation, 

communication and energy systems inoperable, and most medical supplies un

available. As a result, most of those requiring medical attention would die. 

Medical problems that would be minor and curable in normal times -

infections and fractures for example - would prove fatal for many. Numerous 

deaths would also occur from the interaction of multiple, simultaneous 

injuries which would be trivial if each occurred singly. Large numbers 

of those who escaped an acute death would suffer mutilating injuries. 

Furthermore, under the conditions of rampant chaos and terror, the in

cidence of psychiatrie disorders would sharply rise. The risk of long term 

effects, such as cancer, would increase during their entire lifetime for 

many survivors, and possibly for their off-spring as weil. 

2. That Effective Civil Defence Against a Nuclear Attack Is Impossible 

Bomb shelters in cities under nuclear attack would be useless owing 

to the blast, heat, and radiation effects. Shelters as far as ten kilometers 
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from the centre of even a one megaton surface nuclear explosion would 

become ovens for their occupants !; ctli~!grea t surface fires would cook and 

asphyxiate them. At great distances, shelters would provide only temporary 

protection agains t th~'high lev~is of cradioacdve fa:ll()~t. In a nuclear 

war, one would emerge, from a shelter into an environment that was a night-
; , /,;' t: ,:' 'J <. 'J il; ~ ,,' '; ~; i ' ; 'J' ~ '. _;" ;, _, • 

mare - water would be undn.nRable,food contaml.nated, arid the economl.C, 

ec~log{c, and ~Öciai 'fcl.biT~, ori ivfi{ch htiJhan' tUe depencls, dest:i:'oyed. For 

the survivors, th~ risk of e~fidemics~gtild'be great, asa.result of: the 

unburied human and animal corpses everywhere; multiplication of viruses, 

bacteria, fu~gi, and insec't!s, whict. ar~ l1ighlyresistant to radiation; and 

the high sensi tivi ty to radiation )01 th~ 'human body' s ~bility tofight 

infection. 

In sum, there are n~: defencesk~afn;st i::h~ lethCLl effects ofnuclear 

weapons, and there is no eÜ~ct1.ve' ttga:rrneritifor thosewho ihitially sur-
j r ' ! 

vived a nuclear ~ttack!. Undera1.1 c'o!ndid~ns medi~ally, miclear war w'ould 

be an unpara'lleled dat'ast!~bphe;. 
As doctors of mecl.icifne a:ncl.!scien't1.~!ts' in 'he al th-rÜated Helds, we 

conclU:de, therefo;e, that' nucle
1ar we~poris Aie i so des trucdve to human 

heal th and Üle ~h~t u'sed .Pre'ven tiondfriuclear war 

offers the orüy possibdrh :f'oi prö'tect1.rig' pEiopie 'fromits 'medic~ll con

sequences. The~e 11's no '~liernati~~: 

~ : l 
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APPENDIX 2 

The Weapons Scientists and Their Supporters 

As we referred so often to York's important book the reader may be 

interested in the impression that leading armaments expert had of the 

weapons technologists, their employers and their organizations. \~e quote 

(172): 

'~hat underlies these overreactions and technological excesses? The 

answer is very largely patriotic zeal, exaggerated prudence, and a sort of 

religious faith in technology. Malice, greed, and lust for power are not 

the main sources of our trouble. In a way, that's too bad; if evil men 

were the progenitors of these dangerous errors we could expose them and 

root them out and all would be weil. But dealing with errors committed 

by sincere men acting in good faith is extremely difficult, if not 

impossible. And the guilty men and organizations are to be found at all 

levels of. government and in all segments of society: Presidents, President

ial candidates; governors and mayors, members of Congress, civilian officials 

and military officers; business executives and labor leaders; famous 

scientists and run-of-the-mill engineers; writers and editorialists; and 

just plain folks. 

The various individual promotors of the arms race are stimulated 

sometimes by patriotic zeal, sometimes by adesire to go along with the 

gang, sometimes by crass opportunism, and sometimes by simple fear of tWe 

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 prog~ess by the other side or even by a 

rival military service here at ~ome, and victimized by rumours and phony 

intelligence. Some have been lured by the siren call of rapid advancement, 
l 

personal recognition, and unlimited opportunity, and some have been bought 

by promises of capital gains. Some have sought out and even made up 

problems to fit the solution they have spent much of their lives discover

ing and developing. A few have used the arms race to achieve other. often 

hidden objectives. 
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Nearly all such individuals have had a deep long-term involvement in 

the arms race. They derive either their incomes, their profits, or their 

consultant fees from it. But much more important than money as a motivat

ing 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. 

The organizations these men belong to or r'epresent run the gamut from 

the Pentagon to the National Defense Industries Association, from the Navy 

League to the local Rotary, from university departments to the PTA. The 

strongest and most aggressive of them derive their very raison d'etre 

from the arms race. ~fhen the principal programs or activities of such 

organizations are threatened, they react as if endowed with the instincts 

of living beings. In this book I have expanded on examples of this 

phenomenon ..... 

At various times, pride and arguments over pecking order, rather than 

threats of cancellation, have provided a major stimulus to the arms race. 

~en outer space exploded on the political scene and replaced atomic 

energy as the sexiest technological area in which the Congress was directly 

involved, the various Armed Services Committees and subcommittees and the 

Joint Committee for Atomic Energy jockeyed for legislative control over 

it. In the process, they stimulated and promoted a number of expensive 

technological developments that were either unnecessary (large-scale 

nuclear auxiliary power) or premature (nuclear rocket propulsion) or 

nonsensical (controlled thermonuclear rockets). 

The intense interservice rivalry over roles and missions ~n space 

and long-range missilery did the same thing, only more so. Many programs 

had as one of their main (but hidden) objectives the preemption or re

capture of some particular position in the roles-and-missions struggle 

Partly as a result of participation in this series of long-drawn-out 

and sometimes bitter struggles, and partly just due to long association, 

strong personal bonds and a spirit of camaraderie have built up among the 

various parties interested in the arms race in one way or another. Many 

deep friendships exist between procurement and development officials and 
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the leaders of the arms industries. They havebet their futures, often 

their honor, on eaeh other. Chairmen of powerful Congressional eornrnittees 

usually hold their positions mueh longer than the prineipal offieers in 

the exeeutive braneh do, and over the years they develop strong feelings 

of fatherly responsibility for the programs, ageneies, and persons that 

eome within their jurisdietion. They often aet to promote the prograrns 

and eauses of these ageneies and men without too mueh regard for their 

eontent, and the ageney heads and their minions reeiproeate with various 

open and eovert demonstrations of admiration and affeetion. 

These political forees are magnified by the gross misapplication of 

"worst-case analysis", a method of analysis that makes it utterly impossible 

for both superpowers simultaneously to reeognize any given strategie 

situation as being safe for each of them. 

These human failings are exaggerated by a widely held myth: that 

technical experts - generals, scientists, strategie analysts - have some 

special knowledge making it possible for them, and only them, to arrive 

at sound politieal judgments about the arms race. This belief is held 

not only by mueh of the general public, but also by many of the experts 

themselves. And it is made all the more plausibleby lavish use of seerecy 

whenever the debates begin to get tough. 

The net result of all this over the years since World \-lar 11 has been 

the creation of a defense establishment and an arms industry that are very 

much bigger than they need to be. The people who inhabit this oversized 

military-industrial eomplex in turn form the constitueney supporting those 

elements of the Congress that autornatieally endorse anyweapons development 

program. Thus a vieious 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." 
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APPENDIX 3 

Eisenhower's Warnings 

Again and ag~in we hear that we should leave the solution of the 

,vorld problems to the experts. Let us see what York had to say on this 

~n 1977 under the title "Eisenhower's other warning ll (173): 

"After noting that research played an increasingly crucial role ~n 

our society and that the ways in which it was conducted had changed 

radically in recent years, Eisenhower said in his farewell address, "Yet 

in holding scientific research and discovery in respect, as we should, 

we must also be alert to the equal and opposite danger that public policy 

could itself become the captive of a scientific-technological elite." 

To understand this second warning, it is necessary to recall its 

context. This context consisted of the events that took place during the 

forty months from the launching of Sputnik to the end of his administration. 

The particular segment of the "scientific and technological elite" that he 

had in mind consisted of the hard-sell technologists who tried to exploit 

Sputnik and the missile-gap psychosis it engendered. We should be wary, 

he said, of accepting their claims, believing their analyses, and buying 

their wares. They and their sycophants invented the term "missile gap", 

they embellished that simple phrase with ornate horror stories about 

imminent threats to our very existence as a nation, and they offered a 

thousand and one technical delights for remedying the situation. Most of 

their proposals ,vere expensive, most were complicated and baroque, and 

most were loaded with more engineering virtuosity than good sense. Any-

one who did not irnrnediately agree with their assessments of the situation 

and who failed to recognize the necessity of proceeding forthwith on the 

development and production of their solutions was said to be out of touch 

with reality, technically backward, and trying to put the budget ahead 

of survival. 

The claims of such people that they could solve the problem if only 

someone would unleash them carried a lot of weight with the public and 

with large segments of the Congress and the press. Other scientists and 

technologists had performed seeming miracles in the recent past, and it 
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was not unnatural to suppose that they could do it again. It seemed that 

radar had saved Britain, that the A-bomb had ended the war, and that the 

H-bomb had come along in the nick of time to save us from the Russian 

A-bomb. On the horne front, the relatively recent introduction of anti

biotics had saved our children from the scourges of earlier times, and 

airplanes and electronics had become capable of carrying us, our words and 

our images great distances in short times. Scientists and technologists 

had acquired the reputation of being magicians who had access to a special 

source of information and wisdom out of reach of the rest of mankind. A 

large part of the public was therefore more than ready to accept the hard

seIl technologist's view of the world and to urge that the government 

support hirn in the manner to which he wanted to become accustomed. It 

seemed as if the pursuit of expensive and complicated technology as an 

end in itself might very weIl become an accepted part of America 's \vay 

of life. 

But it was not only the general public that believed the technologists 

understood something the rest of the world could not. Many of the 

scientists and technologists themselves believed that only they under

stood the problem. As a consequence, many of them believed i t \vas their 

patriotic duty to save the rest of us whether we wanted them to or not. 

They made their own analyses of what the Soviets had done. They used 

their own narrow way of viewing things to figure out what the Russians 

ought to do next. They then argued that since the Russians were rational 

(about these things anyway), what they ought to do next is what they must 

in fact now be doing, and they then determined to save us from the con

sequences of this next real or imaginary Russian technological threat. 

The Eisenhower Administration was able to deal successfully and sensibly 

with most of the resulting rush of wild ideas, phony intelligence, and 

hard-sell. But some of these ideas did get through, at least for a while. 

Beyond that, dealing with selfrighteous extremists who have all the answers 

- and there were many among the scientists and technologists at the time -

1S always annoying and irritating. 

As we know now, the commonly baroque and occasionally bizarre 

technological ideas urged on us in those years were in fact a portent of 
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things to come. Weapons systems and other high technology devices have 

become still more complex in the years since Eisenhower's farewell address. 

And this complexity is creating serious social and political problems of 

the general kind that Eisenhower warned us about. Today, there are even 

more people who tell us that because major weapons systems are so compli

cated only weapons experts can decide if they are needed, only those in 

on all the secrets and up on the most arcane elements of operations analysis 

can tell us whether arms control and disarmament is good or bad, and only 

nuclear experts are fit to decide whether, when, and where nuclear power 

plants should be built. There are today many scientists and engineers, and 

many members of the general public as weIl, who believe that basic issues 

like these are simply beyond the ken of the people and their elected 

representatives, and that public policy concerning such matters should 

indeed be made by a scientific technological elite. Eisenhower's second 

warning is even more pertinent today than it was when he made it. 

As fate would have it I worked fairly closely with Eisenhower during 

the last three years of his presidency, first as a member of the Science 

Advisory Committee he set up immediately after Sputnik under the chairman

ship of James R. Killian Jr, and second as the first Director of Defense 

Research and Engineering, a new position created in 1958 as another part 

of the response to Sputnik. In these positions, I was directly concerned 

with precisely those scientific and technological programs in which the 

President himself was most involved and my own view of the world gradually 

changed as I came to see and understand the overall situation in which we 

found ourselves. I had gone to Washington a technological optimist, full 

of confidence in the technological fix. i came away three and a half years 

later gravely concerned about the all too common practice of seeking and 

using technological palliatives to cover over serious persistent under

lying political and social problems. In particular, I became convinced 

of the futility of always devoting our main efforts to finding a technical 

solution to the problem posed by the steady decrease in our national security 

that was being brought about by the spread of high technology weapons 

throughout the world. This, it seemed to me, was not only futile but 

basically absurd, because nearly all of the weapons which in the hands 
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of others were (and are) threatening our national security, and indeed 

our very existence, had been invented or perfected by us in the first 

place. In sum, my vie,vs on the relationship between technology and 

securi ty did not arise out of Eisenhovler I s warnings; rather his warnings 

and my views both arose out of the same set of circumstances, but his 

formal warnings did very much help to crystallize myviews on the subject. 

I found it very reassuring that the Cornmander-in-Chief, a professional 

military man hirnself, shared my own growing doubts about the value and 

efficacy of placing such a relatively high priority on finding technical 

solutions to what were really political problems. 

Eisenhower I s ivarnings, which were based largely on his remarkable 

intuition, pointed up very real and extremely serious problems. If we 

forge t or downgrade his ,varnings, i twill be to our peri 1. 11 
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