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INTRODUCTION 


b 
manyRECENTLYarticles of a factual and a speculative 

nature relating to atomic warfare have been written by Australian 
authors and published in the Australian Army Journal. The scope of 
the articles has varied from expositions of indisputable scientific know- 
ledge to provocative papers dealing with the application of atomic 
energy to tactical operations. 

In the absence of a proven doctrine on the subject the articles have 
been helpful i n  stimulating local military thought and discussion. Some 
fairly firm principles are beginning to emerge. Additional stimulus 
to thought is given by the increasing frequency of atomic explosions 
in and close .to Australia. 

The Directorate of Military Training considers that some consolida-
tion of data and opinions in a convenient form will assist officers in 
the study of this new facet of warfare, and will provide a basis on 
which further ideas may be founded. Consequently this Issue of the 
Journal has been enlarged and devoted entirely to material which may 
be used as the basis for further thought, discussion and development. 

The evolution of E firm tactical doctrine may take some time. Mean-
while, it is important that as much elementary training as possible 
should be undertaken. The Army must become accustomed to thinking 
in terms of atomic warfare. To assist officers preparing indoctrination 
training of this nature a catalogue of the material available is given in 
Appendix “A.” 

M. F. BROGAN,Colonel, 
Director of Military Training 

1 November, 1955. 



TACTICS and ATOMICS 

Colonel M. F. Brogan, OBE, BE, Australian Staff Corps 

The views expressed in this 
article do not necessarily represeni 
AHQ policy.-Editor. 

Introduction 

O N E  could be forgiven 
for believing that the advent of 
atomic weapons in the form of 
atomic artillery, guided weapons 
and the aerial bomb into the tac-
tical field has in one bludgeoning 
stroke removed the finesse, the 
nicety of moves and counter-moves 
and the necessity for high pro-
ficiency in individual training and 
detailed staff work called for in the 
past. The awful power of these de- 
vices vis B vis conventional weapons, 
together with the absence of any in- 
ternational convention governing 
their use (as is the case with gas 
warfare), portends World War 111 
as a short succession of rapid holo- 
causts in which all the tactical prin- 
ciples we have learned hitherto will 
be subjugated to the object of get- 
ting in first with the only blow re- 
quired. One atomic device exploded 
somewhere near the centre of 
gravity of the enemy’s field forces 
would appear to resolve each 
operation. 

Closer reflection, however, indi-
cates that the foregoing conception 
is rather absolute and needs to be 

tempered with iactual considera 
tions. Some of these consideration: 
are associated with the atomic de 
vices themselves, for example, tht 
time taken to deliver one at  tht 
right time and place. Others relatt 
to the  well-established principles 0: 
preservation learned in earlier war  
fare but to some extent overlooket 
s i n c e  1918, e.g., the protectior 
afforded by solid earth and the vul. 
nerability of mass attacks to firt 
power. 

There is no doubt that whilsl 
either side has an atomic weapor 
the “good old days” of warfare are 
gone forever, but, on the other hand 
this does not mean that the who16 
of our current tactical doctrine musl 
be scrapped. Indeed, without trying 
to oversimplify the issue, a theoret- 
ical investigation (and the price per 
A-bomb permits only this at pre-
sent) will show that the old prin- 
ciples, varied in application in de- 
gree only, will still prove sound. The 
degree will be in terms of such fac- 
tors as ground, size of forces, 
mobility, protective works, time and 
space. After all, the physical effects 
of an atomic explosion are heat, 
blast and radiation, the two former 
of which are not new to war (albeit 
in a less efficient degree weight for 
weight) and the latter of which now 
shown as not the inexorable killer it 
was first believed to be. 



9 TACTICS AND ATOMICS 

The rational approach to the use 
of atomic weapons would, therefore, 
seem to be somewhere on a line be- 
tween resigning ourselves to hope- 
lessness of combating them on the 
one hand and regarding them as 
ust a new series of explosive de- k.ices on the other. Admittedly, no 

sane person subscribes to either of 
these philosophies, but let us 
examine some tactical concepts to 
determine the weighting due to each 
with a view to establishing a more 
realistic picture of the influence of 
atomic weapons on the battlefield. 
For the sake of simplicity it is pro- 
posed to devote the rest of this sub- 
mission to five parts, covering each 
phase of war, i.e., advance, attack, 
defence and withdrawal, plus a final 
summary. It is assumed that the 
following vehicles are available for 
the delivery of atomic devices: 

(a) Aerial bomb (ground and air 
burst); 

(b) Guided missiles: 
(i) Air to ground: 
(ii) Ground to ground; 
(iii) Ground to air; 

(c) Atomic artillery; 
(d) Land mine: 

and that both sides have overall 
parity in devices and the means of 
delivering them. This postulation is 
an unlikely one, but is chosen here 
for simplicity’s sake. Variation of 
these conditions or of other relevant 
factors, e.g., ground or morale, 
would materially influence any con- 
Flusions drawn here. 

The Advance 
In recapitulating some of the 

more important principles involved 
in a successful advance (including 
the advance to contact, the follow- 
up and the pursuit), we are re-
minded of the importance of: 

(a) The necessity to reconnoitre 
on a wide front; 

(b) Tactical surprise; 
(c) The early capture of tactical 

features (firm bases); 
(d) The maintenance of momen-

tum: 
(e) Good control; 
(f)Passing of intelligence; 
(g) Tactical grouping and local 

protection; 
(h) Sound logistics: and 
(j) The inherent fillip to morale. 
As in other phases, the object 

might well be to force the enemy 
into a position where he will become 
vulnerable to atomic attack whilst 
ensuring we do not present him with 
a similar target. This emphasises 
perhaps more than hitherto the early 
passage of information, particularly 
relating to enemy dispositions, lines 
of withdrawal, defiles, check points 
a n d  administrative installations 
whcre suitable targets are likely to 
eventuate. The laying on of an air 
strike or the deployment of ground- 
to-ground missile units, on present 
indications, take considerably longer 
than that involved in using conven- 
tional projectiles. This, and the 
fleeting nature of a target presented 
by a mechanised column, under-
lines the importance of a stream-
lined reporting system based on, say, 
a combination of reconnaissance air- 
craft, radar, agents and armoured 
vehicles. This system would also be 
required to report on enemy atomic 
preparations, such as the fabrica-
tion of launching ramps, which 
might be engaged by our offensive 
air support or CB organizations. On 
our part, the need for dispersion 
consistent with control and the re-
quirements of local protection arises 
more forcibly, A concentration of a 
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certain number of men to the 
square mile will constitute a density 
sufficient to warrant the use of an 
A-bomb. Axes of advance should be 
chosen where ground, defiles, group-
ings and speed do not combine ad- 
versely to produce a banking up to 
the degree indicated. The concomi- 
tant requirement of a reliable inter- 
communication system covering the 
dispersion necessary is a vital factor 
to the control of this type of ad-
vance. 

Our selection of tactical bounds 
could conceivably be modified by 
the enemy’s possession of atomic 
weapons in the field. In  the past 
the h i g h  topographical features 
astride the axes which, if necessary, 
could be held against a turning 
enemy, have been the desiderata 
from the advancer’s point of view. 
It is now well known that atomic 
blast from the air burst of a nominal 
(20 KT) bomb will kill a t  1,000 
yards by either heat flash or an 
overdose (2,500 Roentgens) of 
gamma rays. This lethality may not 
be possible from tactical weapons at 
this range, but the possibility re-
mains that those exposed on high 
features are ’liable to b e c o m e  
casualties from heat flash and/or 
radiation alone, as well as blast. 
Bounds may therefore be selected 
where the ground offers good re-
verse- slope positions and where per- 
sonnel may gain a certain amount of 
protection from the “atomic shadow’‘ 
provided by the figuration of the 
ground and its relationship to ground 
zero. 

Where it is necessary that close 
contact is maintained regardless of 
the possible exposure to atomic ex-
plosions, the need to protect fighting 
personnel from the effects of such 
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explosions stresses the importance 
of the maximum numbers of tanks, 
armoured personnel carriers and 
self-propelled guns well forward. In 
addition to the mobility necessary 
for this type of operation. such 
equipments afford an acceptable de- 
gree of protection to crews against 
all three products of fission. The 
crossing of radio-active ground or 
the concentration of forces for a 
quick tactical decision would appear 
to be directly related to the n u n -  
bers of such equipments which are 
available. This, balanced against the 
offering of a suitable atomic target 
when forming up, may well call for 
a nicety of tactical judgment on the 
commander’s part. 

The air aspect is a dominating 
factor. It is most likely that in an 
advance, at least a favourable local 
air situation will prevail. In addi- 
tion to providing tactical reconnais- 
sance this situation could be ex-
ploited (subject always to t h e  
efficacy of the enemy’s ground-to- 
air missiles) in such roles as: 

(a) By -passing of radio - active 
g r o u n d  to seize tactical 
features with airborne troops; 

(b) Denying enemy air observa-
tion over our concentrations, 
installations or movement; 
and 

(c) Resupplying field units where 
maintenance areas are liable 
to atomic attack. 

The Affack 
Again. let us refresh ourselves on( 

some of the basic considerations in 
planning the classical attacks. The 
following points warrant attention: 

(a) The launching of the attack 
from a firm base and the gain- 
ing of firm bases for subse- 
quent phases; 
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(b) The penetrative power of the 
attack in depth on a narrow 
front (except across wide ob- 
stacles): 

(c) The security of start lines; 
(d) The early movement forward 

of supporting weapons; 
(e) The maintaining of momen-

tum; and 
(0The need to widen the gap of 

penetration, to get behind and 
to outflank the enemy posi-
tions. 

Of the above requirements, prob- 
ably the most telling is that of 
momentum. If the attack is slowed 
down or stopped, and the enemy 
given the chance to regroup and hit 
back, the chances of our attack suc- 
ceeding become slimmer. I t  is after 
the break in and during the dog 
fight that this critical stage will 
probably occur, i.e., when the 
enemy recovered from his initial 
shock and has had time to get his 
defence plan (including his counter- 
attack) into operation. At such a 
stage all our resources of close sup- 
port, tanks, artillery and offensive 
air are called into play. I t  is now 
that the extra punch is required. 
Atomic weapons used indiscrimi-
nately in such a melee may clear 
the battlefield, but probably of both 
sides, with resultant indecision. 
Suitable targets would appear to be 
on the outskirts of the area and in- 
clude HQs, command posts, signal 
centres, artillery positions, t a n k  as- 
sembly areas and reinforcement 
routes, Thus interdiction on a tat-
tical scale may be achieved, leaving 
the mopping up to be done by the 
attackers using o n  e a 
weapons. 

The preparatory stage of the 

attack will require somewhat more 
caution than hitherto. The massing 
of men and material in preliminary 
Dositions. such as concentration 
areas, assembly areas and forming- 
up places has always been fraught 
with a certain amount of risk, but 
now the vulnerability of such con- 
centrations is even less acceptable. 
This may involve more such areas, 
smaller forces or more limited ob- 
jectives, or some combination of 
these factors. If our requirement of 
attacking with a maximum of 
momentum on a narrow front is not 
to be upset we must face up to 
smaller, harder-hitting, mobile, pro- 
tected forces extended in consider- 
able depth in “get set” positions be- 
hind a secure Start Line. These, in 
turn, must be supported by adequate 
atomic fire power and backed up, if 
necessary, by tactically grouped 
reserves ready to by-pass dog fights 
and maintain the initial impact of 
the break in. 

A cover plan to mask preparatory 
activity is indicated in the above 
atomic setting. Any deception or 
simulations possible, e.g., dummy 
signal traffic, sonic devices, mock-up 
guns, vehicles and tanks should re-
pay effort. Resupply of expensive 
and complex atomic devices to 
either s i d e  is hardly likely to 
approach the same scale as for con-
ventional ammunition, and every 
enemy abortive round fired is a 
contribution to the unbalancing of 
his logistics 

Routes to Start Lines will require 
careful consideration to ensure that 
“man’ density’’ is not increased by 
reason of banking UP a t  obstacles, 
defiles, minefields and enemy fields 
of fire. The arrival of a well-Dlaced 
atomic missile amongst the attack- 

I. I 
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ing force during this opening gambit ability to deploy and to take quick 
could involve the abandonment or advantage of the targets presented 
postponement of the operation. This by enemy concentrations. 
consideration m a y  have to be 
balanced with the narrow front com- The Defence 
plex and force the use of more axes 
on a wider front, followed by con- 
vergence after contact. 

In this phase of warfare, we have 
been taught conventionally to give 
emphasis to: 

Once battle is joined, close contact 
as well as momentum will need to 

(a) Depth; 
(b) Concealment; 

be maintained right through the 
pursuit stage. Thus the enemy be- 
comes, in effect, an atomic shield 
whose proximity to our forces will 
lessen the likelihood of enemy 
atomic missiles being launched 
against the interlocked combatants. 
It should not, however, be djs-

(c) All-round defence; 
(d) Mutual support; 
(e) A co-ordinated plan, including 

(f) The need to sustain morale; 
(9) Domination of ground be-

tween opposing forces; 

counter attack; 

counted that the enemy’s philosophy 
and reinforcement position may be 
such that the simultaneous liquida- 
tion of both friend and foe will, in 
certain circumstances, be justifiable. 

Because of the need already men- 
tioned, to husband our resources of 
atomic missiles, the decision to use 
them will remain a t  a high level. 
For the immediate future and until 
all commanders are experienced in 
the use of these devices, some form 
of specially trained atomic adviser 
to the commander would appear jus- 
tified to advise on the probable 
effects of atomic requests before ac-
ceptance is given. Such an adviser 
would require to be keptcontinu-
ously informed of the tactical situa- 
tion by means of a reporting and 
control organization possibly super- 
imposed on the air support signal 
system. 

(h) Centralized control of artil-

(j) Protection of obstacles; and 
(k) Good communications. 
Probably the greatest influence of 

atomic attack will be to increase the 
depth of defence, and this means 
depth in two planes, deep in dis-
tance and deep down. The emphasis 
is on digging. Here the human ele- 
ment enters and, regardless of the 
latest scientific developments, the 
fighting soldier can be expected only 
to remove average spoil a t  the old 
standard rate of 1 cubic yard an 
hour, using hand tools. Hasty de- 
fences, therefore, to be effective 
against atomic attack, will require 
the application of mechanised equip. 
ment on a large scale. To meet this 
situation, it is considered a case 
exists for the formation of special 
earth-moving units with the primary 

lery; 

( 
As before, success will be mate- role of construction of field works. 

rially affected by the local air.situ- (An empirical figure determined for 
ation, the availability of tanks, Australian troops in World War I1 
armoured personnel carriers and was that 1 brake horse power was 
self-propelled guns. These factors, 
if favourable, will enhance our 

on an average the equivalent in out- 
put of 2( men. Assuming that one 
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item of plant can work twice as 
many shifts as a soldier, one 35 bhp 
excavator is the approximate equiv- 
alent of 115 men. The indication is 
clear-more horse power in the de- 
fence.) 

The requirements of dl-round de- D fence, mutual support, protection of 
obstacles, control and good com-
munications militate against the 
need to disperse to avoid mass 
casualties from the one blast. This 
points to small self-contained bas- 
tions of defence supported by more 
self-propelled artillery. The risk of 
penetration and defeat in detail must 
be countered by thicker minefields, 
probably laid mechanically, and 
mobile, hard-hitting counter-attack 
forces, kept on the move or ready 
to concentrate for a quick decision. 
The need to disperse will reduce the 
effectiveness of control to a degree 
which will demand a high order Of 
initiative in, and a granting of free- 
dom of action to, junior com-
manders and leaders. 

Whilst avoiding concentrating 
ourselves, it will obviously be to our 
advantage if we can force the enemy 
into a worthwhile mass formationin 
an area where he is exposed to our 
atomic weapons. In a defensive sec- 
tor this may well be achieved by 
large-scale use of tactical and de- 
fensive wire and minefields, thick- 
ened up possibly with radio-active 
material to render certain ground 
untenable, This presupposes a very 
deliberate defence, but may be pos- 
sible in a modified form in a hasty 
operation. 

A prerequisite to a successful de- 
fence against enemy atomic attack 
will be a high state of training and 
morale. Apart from the physical 
havoc to be seen immediately on 

detonation, it is going to demand a 
high state of morale and efficiency 
to keep a participant fighting with 
the knowledge that he has absorbed 
a lethal amount of gamma radiation 
and his remaining life can be 
measured in hours. 

The selection of the ground to be 
defended in relation to vital ground 
will, in future, be influenced to some 
degree by its relative exposure to 
atomic blast, either ground or air 
burst. Here again, reverse slope 
positions seem to offer a certain 
attraction, but a lot will depend on 
technical developments, particularly 
in fuses and the accuracy of their 
control. 

Concealment, camoufiage and de- 
ception will demand considerable 
attention. The combination of hiding 
targets and diverting enemy atomic 
ammunition to non-existent concen- 
tra.tions is a tactical advantage and, 
in the long-term view, a dissipation 
of valuable enemy resources. 

It is probable that the enemy will 
be aware of the atomic potential 
against him, and will be wary in 
massing large numbers for attack. 
Should he do so, however, it is im-
perative that he be seen off before 
he effects close contact. This will en- 
tail the pre-positioning and regis-
tration on our part of launching de- 
vices and/or atomic artillery, to-
gether with an efficient warning 
system. 

Unless the defence has been or-
ganized on a deliberate basis and 
defenders are well protected, it 
seems unlikely that any close sup- 
port in the nature of Defensive Fire 
or Defensive Fire (SOS) will be 
practicable from atomic sources. I t  
is more likely that such support will 
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be reserved for Harassing Fire or 
softening up prior to a deliberate 
counter-attack. 

In the field of resupply, our pre- 
sent system of road or rail bound 
convoys feeding static formation 
maintenance areas is relatively in- 
flexible and liable to neutralization 
by a few atomic missiles. An over- 
hauling seems necessary to reduce 
the amounts and types of stores 
brought up, and the means of bring-
ing them is indicated to be by air- 
craft requiring no elaborate forward 
airfield, i.e., helicopters. usually, and 
fixed-wing aircraft in appropriate 
situations. 

The Wi2hdrawal 

In this temporary phase of war- 
fare, planning is usually directed to: 

(a) The withdrawal of tactical 
groups from, through and to 
firm bases; 

(b) Simplicity commensurate with 
flexibility: 

(c) Strict timings and centralised 
control; 

(d) Secrecy; and 
(e) The achievement of a clean 

break, together with the 
avoidance of a running fight. 

Usually the adverse factor is time. 
The operation is more often than not 
started without much warning and 
is executed in a hasty manner. 
These circumstances react against 
the completion of reconnaissances, 
detailed staff work and, most im-
portantly, the completion of inter- 
mediate or main positions, i.e., the 
firm bases on which we can stand 
and fight back. The time taken to 
complete effective protective works 
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against atomic blast, even with an 
increased scaling of engineer plant, 
is going to be protracted. The de- 
cision to hold intermediate positions 
must be carefully considered in the 
light of the amount of excavation 
possible in the time available, and 
whether it would be more prudent 
to divert this effort into preparation 
of the main position. Similarly, i 
covering positions, being even less 1effective in stopping power, cannot 
be relied on against atomic assault. 

A likely pattern of withdrawal. 
then, might be to move rearwards 
in longer bounds, or one bound only, 
to a main position prepared with the 
extensive use of earth-moving equip- 
ment and mechanical mine layers. 
To enable the retreating force to 
gain its quick break and unmolested 
occupation of the  new position, 
something drastic in the way of 
staving off the enemy may have to 
be done. This might take the form 
of an atomic barrage whilst the get- 
away is achieved or if this is con- 
sidered too prodigal, to attack in 
force with a grouping which is 
capable of changing to a rearguard 
role when the main body is well 
clear of the action. 

Really spectacular results should 
be possible with atomic devices in  
the demolition aspects of the with- 
drawal, but the tendency to crack 
nuts with sledge hammers by en-
thusiastic vandals will have to be 
watched. The time and manpower 
involved in preparing demolition 
belts has given rise to two types of 
d e m  o 1i t  i o n, viz., “preliminary,” 
which are blown when ready, and 
“tactical,” which are blown when 
tactically necessary. It is obvious 
that any large-scale preliminary de- Imolition activity prejudices secrecy , 
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and militates against the clean 
b r e  a k. The absolute destructive 
effect of atomic charges should re-
duce the work involved in preparing 
structures for demolition and elimi- 
late the necessity for preliminary 
ieutralization, thereby completely 
reducing the chances of disclosing 
)UI retrogressive intentions. 

Once the rearward movement is 
apparent to the enemy and his 
lollow-up commences, there will 
probably be scope for our inflicting 
lelay by the detonation of carefully 
sited atomic land mines. Apart 
from the casualties inflicted by heat 
and blast, there will remain the 
persistent hazard of gamma radia- 
tion. Such deterrents located be-
tween primary demolition belts and 
supplemented by nuisance mine-
fields should slow the pursuer down 
to the degree necessary for our dis- 
engagement and redeployment in  
the new position. 

In common with the other phases 
discussed above, the requirement 
will exist here to avoid concentra- 
tions of men and equipment, to pro-
vide a large degree of mobility and 
armoured protection for personnel. 
to operate under a favourable air 
situation and to ensure the provision 
of adequate earth-moving equip-
ment. 

Summary 

The introduction of a t o m i c  
weapons iqto the tactical fields has 
brought new problems into the con- 
duct of operations. These problems 
are determinate, using accepted tac- 
tical doctrine, and modifying it to 
the degree imposed by the physical 
effects of atomic detonation in 
specific Reld conditions. 

The major unit reorganisation ne-
cessary is in artillery units to under- 
take the offensive use of atomic 
missiles. In addition, a real need 
exists to ensure that engineer sup- 
port is of such a scale and so 
equipped that the provision of pro- 
tective works against atomic assault 
is feasible in most field situations. 
Intercommunication and control sys- 
tems now operative should be ex-
tended or duplicated to provide 
facilities for rapidly reporting, re-
questing or granting atomic action. 

In the circumstances of atomic 
activity the need is emphasised to 
provide adequate resources of tanks, 
self-propelled guns and armoured 
personnel carriers to exploit or with-
draw from atomic explosions. 

Control of atomic missile expendi- 
ture should be vested in the most 
senior commander practicable and 
he should be assisted by a specialist 
trained in the technicalities of such 
missiles. 

Some of the prime requirements 
in training for and conduct of field 
operations involving the u s e  of 
atomic weapons are: 

(a) Move mechanised, protected 
and self-contained; 

(b) Grant freedom of tactical ac-
tion to junior commanders and 
leaders -encourage initiative 
and stimulate leadership quali- 
ties; 

(c) Avoid concentrations of men, 
material a n d  maintenance 
areas and aim at  forcing the 
enemy into such concentra-
tions; 

(d) Avoid road bound lines of 
communication: s e  e k flexi-
bility in resupply by the use 
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of aircraft, both fixed and 
rotating winged; reduce the 
quantities of stores brought 
forward, particularly creature 
comforts; 

(e) G a i n  maximum mobility, 
range, arcs and coming into 
action of artillery weapons: 

(f) Provide maximum resources 
of manpower-saving devices. 

including a high proportion of 
earth-moving and mine-laying 
equipments; 

(g )  Move in big bounds between 
well-dug, firm bases; 

(h) Local air superiority is essen- 
tial to successful g r o u n d  
operation; 

(j) Disperse, dig, disappear a n d  
deceive. 

To gain full edvanfage of fhe immense fire power fhaf 
nuclear weapons have provided. and avoid desiruction by 
enemy nuclear atfa&. armies musf develop a more lively and 
opporfunisf type of baffle leader fhan exisfs a i  presenf. in 
bofh junior and senior ranks. Such a leader must have the 
imagination, fhe daring, and fhe resources io seize fleeiing 
l a d  opporfunifies: he musf be irained io acf independenfly 
and immediaiely within fhe framework of a general plan, 
rafher fhan on precise and defailed orders or only afier refer- 
ence io a superior. 

-Field-Marshal Montgomery. 



PROPERTIES 

of 

D NUCLEAR EXPLOSIONS 

Professor M. L. E. Oliphant, F.R.S. 

Director, Research School of Physical Sciences, 
The Australian National University, Canberra 

I INTEND to restrict 
myself in this paper to describing 
nuclear weapons and giving infor- 
mation about their mode of opera- 
tion only to the extent to which 
these things have been published 
openly in various American publi- 
cations, This presents certain ele- 
ments of difficulty to me, and it 
may be that I shall err on the cau- 
tious side; on the other hand, I may 
assume that things are known and 
discuss them freely when, strictly, 
I should not do so. 

I wish, firstly, to show the differ- 
ences between nuclear and other 
explosions, and then to discuss some 
of the physical effects of the atom 
bomb. I do not propose to discuss 
in detail the effects on the ground 
of a nuclear explosion, because that 
subject has been left to a subse-
quent paper. 

1. The Difference Betwaeen Nuclear 
and Other Explosions 

An explosive is a device for re-
leasing suddenly a large amount of 
energy in  a relatively small volume. 

-From Proceedings of the Insti-
tute of Defence Science, No. 6. 

This energy is always released in 
matter, which is raised to a very 
high temperature and generates an 
enormous local pressure. Until re- 
cently, explosive energy was re-
leased by chemical action, either by 
rapid burning, e.g., of carbon and 
sulphur, in black gunpowder, or by 
the rapid breakdown of unstable 
chemical substances such as nitro-
glycerine, trinitrotoluene, mercury 
fulminate or lead azide. 

Black gunpowder was developed 
about 2000 years ago by the Chin- 
ese. I t  is set off by heating portion 
of it to a temperature such that the 
carbon and sulphur combine rapidly 
with the oxygen of the potassium 
nitrate with which they are inti-
mately mixed, yielding energy in 
the same way as when coal is burnt, 
but far more rapidly. Explosives 
such as mercury fulminate and lead 
azide decompose with extreme ra-
pidity into their components when 
subjected to friction or compression, 
while T.N.T. and such “high” explo- 
sives can be stimulated by detona- 
tors to undergo similar decomposi- 
tion into simpler substances. In 
such cases energy is, as it were, 
built into the explosive chemical 
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compounds when they are manufac- 
tured, and is released when they 
decompose. This decomposition 
takes place more rapidly than the 
chemical combination in black gun- 
powder, giving a steeper wave-
front to the explosion which yields 
a greater blast. However, the actual 
energy released per pound of high 
explosive is not greater by an order 
of magnitude than that of the most 
primitive of explosives. 

Nuclear explosives represent a 
complete revolution in this develop- 
ment: they do not release chemical 
energy at  all. Perhaps I had better 
say something about atoms and 
atomic nuclei; not that these are not 
well known to you, but to recall to 
your minds the salient facts needed 
in this discussion. We all know 
that the atom is a small object; it  
is about one hundred millionth of an 
inch in diameter. In the centre is 
the nucleus, discovered by Ruther- 
ford, which is one million millionth 
of an inch in diameter and carries 
all the positive charge and almost 
all the mass. Around this is. the 
soft exterior of electrons, which 
carry negative charges. The nu-
cleus itself is composite, containing 
protons, the smallest positively 
charged particles but 2,000 times as 
massive as the electrons, and neu-
trons, which carry no charge and 
are slightly greater in mass than 
the protons. A single proton forms 
the core of the lightest hydrogen 
atom: helium, which has atomic 
weight 4, has two protons and two 
neutrons in the nucleus. Uranium 
238, which is element 92 in the 
periodic atomic table, has 92 Pro-
tons and 146 neutrons in its 
nucleus. 

The protons and neutrons which 
constitute nuclei are bound to-

gether by enormous forces. It is 
convenient to measure nuclear 
forces and atomic energies in elec- 
tron-volts. The fundamental dif-
ference between chemical and nu-
clear binding forces then become ap- 
parent: the binding energy between 
carbon and oxygen in an ordinary 
chemical compound like carbon 
dioxide is of the order of one to 
five electron-volts; that between 
protons and neutrons in a nucleus 
must be measured in millions of 
electron-volts. Some idea of the 
quantity of energy liberated in a 
nuclear explosion can be gathered 
by this fundamental difference. The 
nature of nuclear forces is not well 
known: it is thought that protons 
exchange charge with neutrons and 
the reverse, and that the newly-
discovered particles, mesons, play 
some part. If a proton or neutron 
is added to a nucleus, then a new 
atom is formed; for instance, i f  a 
proton is added to carbon of mass 
13 we get nitrogen of mass 14 and 
in the process eight million electron- 
volts of energy are set free. This 
energy lost is a measure of the 
binding energy of the proton. Ruth- 
erford, in 1919, first fired particles 
a t  atoms and effected transmutation 
of the elements in this way. 

It is found that the protons and 
neutrons in nuclei are most tightly 
bound for elements of intermediate 
atomic mass. This means that 
heavier and lighter nuclei tend to 
transform to these intermediate 
species with release of energy. This 
energy release can be depicted gra- 
phically as in Figure I .  I t  will be 
seen that hydrogen is a great source 
of energy and, a t  the other end of 
the curve. uranium is also a reason-
able source. The elements between 
oxygen and mass about 160, in the 
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centre of the curve, cannot liberate 
energy. This is interesting, be-
cause about 90 per cent. of the 
earth’s surface consists of these ele- 
ments. When hydrogen nuclei are 
combined to give heavier elements 
much energy is evolved; this is 
called energy of “fusion.” When 
uranium is broken down into ele- 
)nents of intermediate niass, energy 
agam is evolved; this is called 
energy of “fission.” All nuclear 
explosions depend on these two pro- 
cesses of fusion or fission. 

Fission Process 
The Arst process to be realized 

MASS 

successfully was fission, produced 
by introducing a neutron into ura- 
nium 235. This divided into two 
simpler elements, yielding about 200 
million electron-volts as kinetic 
energy of two fission particles, to- 
gether with two or  three neutrons. 
To achieve an explosion, fission 
must be maintained in a chain re- 
action: thus there must be a release 
of neutrons as well as the division 
into simpler elements. 

Special conditions must be satis- 
fied to realize a chain process. Ura- 
nium 238 occurs naturally 140 times 
as commonly as uranium 235. I t  
absorbs fission neutrons to produce 
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an isotope uranium 239; this then 
emits two beta particles and be-
comes plutonium, a chemical ele-
ment which does not exist on 
earth. However, fission cannot be 
propagated in natural Uranium. One 
way of establishing the fission pro- 
cess is to separate out the uranium 
235. Neutrons which are emitted in 
the fission process have an energy 
of about 1 M.e.V. and a velocity of 
about 6000 miles per second, one-
tenth of the speed of light. Such 
neutrons penetrate about 4 inches 
into matter before being absorbed in 
a nucleus. It was essential there- 
fore to have a thickness of at least 
about 4 inches of material present 
for absorption subsequent to fis-
sion to take place; otherwise the 
neutrons escaped from the surface 
and a chain reaction was impossible. 
As the size of a spherical mass of 
uranium 235 is increased, it reaches 
a critical size where the chain re- 
action becomes possible because 
sufficient neutrons are absorbed in- 
ternally to replace those lost from 
the external surface. The critical 
size depends upon the shape and 
density of the fissionable material. 

Materials known to develop a 
chain reaction by fission are ura-
nium 235 (element number 92), plu-
tonium 239 (element number 94),  
and uranium 233. This last can be 
made from thorium 232 (element 
number 90) by absorption of neu-
trons when irradiated in an atomic 
pile. The critical mass is of the 
same order of magnitude for all 
these substances, and was quoted in 
the original Smythe report as 1 to 
100 kilograms: this figure has been 
narrowed down since and is now 
known to be about IO kilograms. 
The density of these substances is 

very high, about 20. Thus, a 10 
kilogram sphere is only about 10 
centimetres in diameter. 

How do we ensure that an explo- 
sion in the 10 kilograms of material 
will take place? Uranium 235 is 
subject to slow spontaneous fission 
with liberation of neutrons, so that 
any mass bigger than the critical 
size is sure to explode. It will not 
do so instantIy, but within a few 
micro-seconds spontaneous fission 
will establish a chain reaction. To 
make quite sure that this does hap- 
pen, a few neutrons can be liber- 
ated in the centre of the mass; for 
instance, a small piece of beryllium 
bombarded with alpha particles 
from polonium would be sufficient. 

The chain reaction will be estab- 
lished in a time of the order of that 
taken for a neutron to traverse 4 
inches, that is, one hundred mil. 
lionth of a second. In a large mass 
of material in one micro-second (10-6 
seconds) there would occur about 
100 generations of neutrons (or fis-
sions), that is, 2‘m or lo3” fissions, 
which is more than the total num-
ber of atoms present, the number 
being smaller if the mass is only 
just above the critical size, so that 
Some of the neutrons escape and do 
not cause further fissions. You will 
understand, therefore, that the 
energy builds up at an extraordin- 
arily quick rate, and hence willform 
some idea of the explosive possi- 
bilities of the bomb, 

To get the largest and most effij 
cient explosion the mass of fission- 
able material must be made bigger 
than the critical size by as much as 
is possible: otherwise a mere fizz 
and not an explosion will result, 
since the material will be blown 
apart. Onc method is to take a hol-
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low cylindrical piece of material. 
smaller than the critical size for that 
shape, and drive a plug of the same 
material into it. This must he fired 
in by some sort of a gun, so that 
assembly takes place rapidly with- 
out shattering the material. A band 
of irradiated beryllium would pro- 
vide the neutrons to start the chain 
process. This was the sort of bomb 
used on Hiroshima: it consisted of 
uranium 235 and was very effec-
tive. 

The bomb dropped on Nagasaki 
was of a different type, the plu-
tonium bomb, which worked by the 
implosion process. This was at  one 
time regarded as a secret process, 
but since been re-
leased. The principle employed in 
this is to take a spherical piece of 
the fission material slightly less 
than the critical size and compress 
it suddenly by detonating high vdo- I city explosives around it. 

To understand the principle of the 
implosion process one must realize 
that the critical size depends not 
only on the amount of material but 
on the density: the denser the ma- 
terial is the more particles will be 
met by the neutron on its passage 
through the mass. Thus an increase 
of density will change a given mass 
of material from below the critical 
size to something above it. In driv- 
ing the sphere in to become a denser 
solid mass of fissionable material, 
care must be taken that fuzes fire 
the explosive simul. 
taneously all round, and that 
symmetrical detonation does not 
merely blow the mass to pieces, 

This has now become the stan-
dard atom bomb, but important im- 
provements have been made since i 


FIC.2. 
THE ~MPLOS~ONPROCESS 

it was first exploded. I t  has been 
found that plutonium and uranium 
235 can mixed with advantage, 
and that there are of in-
creasing the of fissionable 
material. I t  can be made. for in-
stance, as a hollow sphere, which 
when compressed into a solid mass 
will yield an efficient explosion. The 
bombs Of today are certainly more 
potent, and release of explosive 
energy equivalent to that released 
by 100,000 tons of T.N.T. is within 
the realm of practical possibility. 
But it is difficult to  see the likeli- 
hood of fission bombs being made 
equivalent to much 
100,000 tons of T.N.T. 

more than 

Fusion Process 

The fusion process is that by
which hydrogen is transformed con- 
tinually in a star, for instance in 
Our Own sun, into and
heavier elements under the condi- 
tions of temperature and pressure 
which hold at  the centre of the star. 
This release of energy keeps the 
sun hot at the expense of the hydro- 
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gen which it contains. Now, un-
fortunately, it  is not a practicable 
proposition to take ordinary hydro- 
gen and bring about the fusion pro- 
cess in the laboratory. The proba- 
bility that two hydrogen atoms will 
stick together to give a deuterium 
atom is remote: that is, that they 
should come together and, while 
fused, that one should get rid of a 
positive electric charge, the posi-
tron, and leave an isotope of hydro-
gen with a proton and neutron in  
its nucleus, is very unlikely. The 
probability is not zero, but the like- 
lihood of such an event occurring 
under conditions of temperature and 
pressure present in the laboratory 
is remote. The likelihood of three 
coming together to give tritium is 
even less prohable. 

If we take the isotopes of hydro- 
gen, namely, deuterium and tritium, 
then we find that these will react 
with one another with great ease, 
leading to production of helium at  
surprisingly low temperatures and 
pressures; in fact, at energies of 
about 1000 electron-volts. Now 
1000 electron - volts is a b  o u t  
10,000,000 degrees centigrade, and 
the temperature produced by a fis- 
sion bomb is about four times this. 
It is thus possible to heat the gases 
deuterium and tritium to a tempera- 
ture where fusion takes place by 
putting them round the outside of 
a fission bomb. The problem of 
making a hydrogen bomb is that of 
keeping these materials there. 

The possibility of constructing a 
hydrogen bomb was discussed in 
1943, long before the fission bomb 
had been completed, under the code 
name “Super.” There is thus noth- 
ing new about it, but the difficulties 
which have delayed its appearance 

have centred round methods of set- 
ting it off. The temperature re-
quired is of the order of magnitude 
of 10 million degrees centigrade, but 
this temperature cannot be commu- 
nicated to any significant amount of 
material. The original American 
plan was to use liquid deuterium 
and tritium, making the tritium in 
a pile a t  the expense of plutonium 
production, and using it to detonate 
the deuterium. 

Hans Thirring of Austria first 
suggested adding to the hydrogen 
isotope some lithium, in the form 
of the isotope lithium 6, which 
would absorb a neutron and break 
into tritium and helium, with con- 
siderable release of energy. T h e  
trouble with deuterium is that it is 
a gas and very transparent to neu- 
trons, many of which escape instead 
of entering other nuclei. Lithium 
hydride, lithium deuteride and 
lithium tritide have the virtue of 
being solids. Lithium was first used 
apparently by the Russians, and it 
has been stated that it was not until 
the Americans found lithium in the 
upper atmosphere after the Rus-
sian hydrogen explosion that they 
realized there must be something in 
Thirring’s idea and adopted this 
process. Lithium deuteride can be 
used as a solid sheath around the 
fission bomb. 

There is no critical size for the 
hydrogen bomb; the energy re-
leased depends upon the amount of 
material present. Diagrammati-
cally, it can be represented as an 
assembly of an implosion type of 
fission bomb surrounded hy a sheath 
of lithium deuteride around which 
is a tamping device, so that the 
dissipation of material will be de- 
layed long enough for a reasonable 
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amount of the lithium deuteride to 
react. Since the amount of energy 
released by the fusion of a given 
weight of deuterium is of the order 
of seven times that released in the 
fission of the same mass of uranium. 
to get an explosion 1,000 times as 
meat as that of the fission bomb 
(that is, the equivalent of 20,000,000 
tons or more of T.N.T.). only a rela- 
tively small amount of deuterium 
would be required. Temperature? 
involved in the two types of bomb 
are of the order of 49 million de. 
grees centigrade for the fission 
bomb and more than 60 million de. 
grees centigrade far the hydrogen 
bomb. 

A further development of atomic 
weapons appears to have taken 
place and to have been achieved in 
the flrst place by the Russians. This 
is a weapon in which a fission bomb 
detonates a relatively small amount 
of lithium deuteride, the fusion re. 
action in which releases large num- 

bers of neutrons with energies 
great enough to produce fission in 
uranium of mass 238, which is pre- 
sent as a sheath around the whole. 
The fast neutron fission of the U238, 
unlike the medium neutron energy 
fission in the fission bomb, can now 
take place in a relatively unlimited 
mass of uranium, so that the total 
energy released is enormous. It is 
believed that an example of this 
fission-fusion-fission weapon was 
detonated by the United States in 
the Pacific. 

Unfortunately, when the power of 
8 nuclear weapon is boosted in this 
way, enormous quantities of flssion 
products are produced, the effects 
Of which can be very unpleasant. 
The fission-fusion-fission bomb a p  
pears to be the most compact of th? 
thermonuclear devices and to be 
capable of liberating virtually un. 
limited energy. 

Dr. Bhabha, of India, has stated 
that he believes that thenno-
nuclear reactions can be initiated 
without the fission bomb as a deto- 
nator. In that case, these powerful 
weapons could he made with rela- 
tive ease, and would be within the 
reach of all nations. 

2 Physical Effects of the Atom 
Bomb Expldon 

I now wish to consider what h a p  
pens when the energy of the atom 
bomb is released. Because the re-
lease of great energy in a millionth 
of a second produces a temperature 
1,000 times greater than that of the 
surface of the sun, radiations of 
energy of all wave lengths spread 
out in all directions through the air 
or medium surrounding the bomb. 
and some heat radiations will travel 
a long distance. Because of the 
high temperature, the hulk of the 

1 
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radiations will be in the ultra-violet 
and will be rapidly absorbed in the 
ah.  Similarly, the neutrons and 
gamma rays will collide with atoms 
of the air and be rapidly absorbed 
Round the svstem is thus bullt UD 
a zone of hot air which grows
wards a1 first more rapidly than the 
adiabatic wave of compression, and 
we have the becinnings of the “ball . .. .. 
01nre:’ 

The rapid expansion of the ball 
of fire compresses adiabatitally the 
atmosphere around it and heats it: 
thus the ball of fire grows rapidly 
until the energy is not sufficient to 
heat any more air, ~ h as ~the 
blast goes out, the pressuR 
tends to drop ih the centre, The 

of radiation, consisting of 
X-rays, gamma rays, ultra-violet 
and hmt  radiation, is propagated et 
the speed of light and goes before 
the ball of fire, The of 
radiation fall off rapidly than 
invemely aJ the square of the 
tance, so that burns rapidly dim-
inish in severity according to dis. 
tance from the bomb. The neu-
irons, X-rays, and gamma rays are 
abjorbed in a few thousand feet. 

Then follows the blast wave, 
which gives a destructive effect as 
in ordinary explosions. The gas in 
the ball of fire is at  very high tem. 
perature, but its density is llss than 
that of the surrounding air. It 
therefore rises and gives a pillar of 
cloud, as adiabatic expansion pm-
duces condensation as the pressure 
falls. In the absence of rajn, fis-
sion products are carried high into 
the upper atmosphere and are dissi- 
pated harmlessly jn dilute con. 
centration. 

The Nagasaki-type bomb. if ex-

ploded at the optimum height, gives 
a zone of complete destruction of 
about three-quarters of a mile mea- 
sured radially from the centre. The 
radius of destruction falls off ac-
cording to the cube of the dls- 
tance, so that a hydrogen bomb 
l,oog times as Powerful have 
a =One Of complete destruction Of 
from five to ten miles from the 
centre. It has been described as a 
“city buster” rather than as a “block 
buster.” 

Other ES.cfr 

There Other effects produced 
~ by atomic weapons. If there is rain, 

during the stage of dissipation of 
the radioactive products of the ex-
plosion, then the fission p d w t s  
will be brought down on to the 
ground instead Of being spread 

the The 
seriousness of this will naturally de- 
pend on the heaviness of the rain- 
fall and its distribution, but it could 
be very harmful to all living things. 
If the bomb goes offon the surface 
of the ground, then there will be 
much radioactive material spread 
round On the surface* pro-
ducts of the bomb end partly con-
stituents of the earth rendered 
radioactive by radiation. This ap- 
pears to have been responsible for 
the radiation effects experienced by 
Japanese fishermen in the Paciflc 
test of the fission-fusion-fission 
weapon by U.S.A. 

If the is 
Or worse still underwater. the mQIt 
far-reaching result of all follows 
An enormous fountain Of water Or 

of earth containing radioactive sub- 
stances rises and falls over a wid? 
area of country, rendering it auite 
uninhabitable. 
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The producls of a hydrogen explo. 
,ion are not highly radioactive. The 
ieutrons may affect the argon and 
Ither constituents of the atmo-
phere, but, generally, we may say 
hat fusion products are not sc 
leadly as fission products. At the 
Imerican test explosion a good deal 
bi radioactive coral was carried up 
vith the mushroom cloud because 
he explosion took place at  low level, 
md very large quantities of fission 
xoducts were 
arge area. 

:ob& Bomb 
Finally, it Is 

deposited over a 

necessary to men-

tion the “cobalt” bomb. No one in 
his senses would think of making 
one of these, but it could be made 
by surrounding a fission or fusion 
bomb with a sheath of cobalt. Th? 
radioactive isotope cobalt 60 has a 
long half-life of 50 or  so years, and 
its radiations are very harmful to 
health. Cobalt incorporated with a 
hydrogen bomb would lead to very 
serious radioactive poisoning for 
many years of a very large area of 
the earth’s surface. It would b? 
hard to imagine any person using 
such a weapon: it would render a 
country uninhabitable both by th? 
conqueror and the conquered. 

MONTE BELLO, 1952 
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out the  permission of Army Head-
quartem-Editor.) 

I N  this paper an attempt 
has been made to relate the consid-
erable amount of information avail- 
able on the effects of an atomic ex-
plosion to the problems of calcdat-
ing casualties and damage when an 
atomic weapon is employed in mili- 
tary operations. This has been done 
with the principal object of showing 
how a quantitative approach may 
be made to a study of the employ- 
ment of atomic weapons against 
field formations. 

This paper surveys the literature 
and includes a bibliography. The 
well-known effects of the nominal 
bomb are given in some detail, and 
an explanation of the scaling laws 
is included to permit the extension 
of these effects to weapdns of dif- 
ferent power. 

On the basis of this evidence, a 
discussion follows on the calculation 

of casualties and damage. Some 
brief remarks on the cost-effective- 
ness of atomic weapons are in-
cluded. 

Introduction 

A very great deal of information 
has been published on the physical 
effects of atomic weapons. I t  ranges 
from the wealth of authentic detail 
relating to the Nominal Bomb con- 
tained in the Smythe Report and 
the American Atomic Energy Com. 
mission’s handbook-“The Effects 01 
Atomic Weapons” -to the many 
speculative accounts in well-knowr 
non - scientific journals such a! 
“Time” and “Post.” The forme1 
deal with principles of operation! 
and the physical effects, but do no1 
relate them in any specific way t( 
a military situation. In more re. 
cent months these latter sources havc 
included accounts of the hydrogel 
bomb. Between these extreme: 
many articles have appeared in thq 
various British and American ser 
vices’ journals (8, 9. 13). and deal 
in somewhat general and speculativt 
terms, with the effects of atomit 
weapons on military operations 
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tactics and strategy. On the passive 
defence aspects (11, 15, 16, 11, 18) 
and on radiac instrumentation ( 5 )  
the unclassified literature is very 
complete indeed. The bibliography 
at the end of this paper gives de-
tails of the above sources of infor- 
mation, and its use is strongly re-
commended for those wishing to 
pursue the subject further. 

This comprehensive body of liter- 
ature has in fact been largely con- 
cerned with the strategic aspects of 
atomic weapons and the problem of 
their tactical role and possibilities 
is only beginning to emerge (3, 10, 
12), at  least as far as the unclassified 
and lightly classified literature is 
concerned. 

The object of these two papers is 
to provide an informed and, where 
possible, a quantitative basis for the 
subsequent discussions on the atomic 
factor in land combat. The first 
paper- -“The Physical Effects of 
Atomic Weapons”-will seek to re- 
late the known data to the military 
scene, whilst the second paper-“The 
Effects of Atomic Weapons on Mili- 
tary Operations”-will extend this 
relationship to some typical tactical 
situations. 

It may appear somewhat para-
doxical that the lack of almost all 
classifled information on this highly 
classified subject does not appear to 
place undue limitations on these 
tasks. The unclassified information 
an physical effects generally, the 
b r i o u s  public statements from 
people in high places, and such com- 
prehensive surveys of the whole 
field of atomic energy as Gordon 
Dean’s “Report on the Atom” pro- 
vide sufficient grounds on which to 
base the main assumptions for these 
papers. They are:- 

(a) The physical effects of the 
nominal bomb are known in 
great detail. 

(b) Scaling laws have been de-
rived which readily permit 
these effects being calculated 
for weapons ranging in power 
from one-quarter that of the 
nominal bomb to powers many 
times as great. With reserva-
tion, the scaling laws may 
even be applied to assessment 
of some of the effects of the 
thermo-nuclear weapons. 

(c) Atomic weapons will be avail- 
able in sufficient quantities for 
use by field forces. 

(d) They will be available in a 
considerable variety and with 
a very great range of power. 

(e) Appropriate means of delivery 
have been, or will be, de-
veloped. 

Types of Afomie Weapons 
Developments in atomic weapons 

have made it necessary to be more 
speeiflc in describing and classify- 
ing the various types. Until re-
cently the term atomic bomb was 
sufficient to describe all s U e h  
weapons. Now it is necessary to 
classify atomic weapons in terms of: 

(a) Method of operation. 
(b) Method of delivery. 

Claaritieation in Term. of Mefhod of 
Operation 

(a) Fission or Uranium weapons, 
or more colloquially atom 
bombs. 

(b) Thermo-nuclear or f U 6 i o n 
weapons, or colloquially hy- 
drogen bombs. 

The colloquial terms are basically 
quite incorrect, and although it may 
appear something of a quibble to 
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differentiate it is wise to remember 
that as developments continue loose 
phraseology will become more and 
more confusing, and may even re-
sult in serious misinterpretation at 
a later stage. The use of the term 
fusion is deprecated, because of the 
likelihood of confusion with fission. 
It is suggested that fission a n d  
thermo-nuclear be adopted as stan- 
dard terms. 

In addition to the above, refer- 
ence is often made to a “cobalt 
bomb.” Such a description is not 
fundamental to the mechanics of 
operation, but is intended to de-
scribe some type of nuclear weapon 
which is “loaded” with cobalt or 
some other substance that can be 
made highly radio-active. The pur- 
pose of such a bomb would be to in-
crease the effect of radio-active con- 
tamination from such a weapon. 
Whilst there is little doubt that such 
a bomb could readily be constructed 
it is not generally regarded as likely 
-especially for weapons for employ- 
ment in a tactical role. It will there- 
fore not be considered further in  
this paper. 

Clasaibcafion in ferms of method of 
d e l i v q  

(a) Bombs. 
(b) Mines. 
(e) Shells. 
(d) Warheads Of guided missi*es. 
With the exception of a thermo- 

nuclear shell, the remaining seven 
varieties, derivable from this 2 x 4 
classification, appear likely. 

On a fist consideration one would 
be inclined to eliminate from a dis- 
cussion of tactical weapons t h e  
thenno-nuclear varieties. More care- 
ful examination shows, however, 
that this may not be justifled. It 

has been estimated that the size of 
a therm-nuclear bomb may be 100-
1000 times that of the nominal fission 
bomb. However, a major tactical 
and certainly an L of C situation 
which would warrant the delivery 
of a destructive weapon of this order 
is not beyond the bounds of possi-
bility. This possibility, taken to-
gether with the fact that one thermo- 
nuclear bomb would be vastly less 
costly than the equivalent number 
of flssion bombs, would suggest that 
the use of thenno-nuclear weapons 
is possible in miIitary operations. 

Having outlined the possible range 
of an atomic arsenal, it is not in- 
tended to consider thermo-nuclear 
bombs as such in this paper, for 
there is little doubt that the smaller 
fission bombs will provide the main 
atomic fire power in field operations. 

It may be inferred from the dis- 
cussion so far, that atomic weapons 
are available in a considerable range 
of sizes, and in the further develop- 
ment of this paper it will be suffi-
cient to refer only to a given weight 
of attack. 

The question of weight of atomic 
attack makes it necessary to define 
a hasic unit of atomic ex-plosive 
power. 

Because of the great deal of in-
formation published on the effect of 
the fission bombs which w e r e  
dropped on Hiroshima and Nagasaki, 
and which were tested at Los Alamoo 
and Bikini, together with the fact 
that these weapons were similar in 
size. it is convenient indeed to ac-( 
cept such weapons as a standard for 
calculating physical effects. In fact. 
weapons of this type have become 
known as Nominal Bombs. 

The Nominal Fission Bomb 
The explosive element of such a 



PHYSICAL EFFECTS 

bomb is 235 isotope of Uranium or 
Plutonium, a synthetically manu-
factured element of atomic weight 
239. Such materials undergo "fis-
sion" when the nuclei of individual 
atoms are struck by neutrons. The 
result of this fission process is to 
split the uranium or plutonium 
nucleus into two fragments of ap- 
proximately equal size, and release 
at  the same time two or three more 
neutrons. However, the mass of all 
these separate products does not add 
UP to the mass of the original 
nucleus. This mass defect is trans- 
formed into energy at a conversion 
rate given by Einstein's equation- 

E = MC' 
where E is the energy equivalent in 

ergs 
M is the mass defect in grams 
C is the velocity of light (3 

x 10'O cms/sec). 

If, as in the nominal bomb, 1 kilo-
gram of uranium 235 undergoes 
fission, the mass defect is very nearly 
1 gram, and the energy release is 
thus approximately equal to- 

2 x 10" calories 
2.3 x 10' kilowatt hours 
6.2 x 10" foot-pounds. 

In addition to this, another 121% 
additional energy is set free i n  the 
course of time as energy of the beta 
and gamma rays produced by the 
decay of the fission products. 

The figure of 6.2 x 10'' foot-poundsI .
1s equivalent to lifting 30 million 
tons of matter through one thousand 
feet, i.e.. half a million Centurion 
tanks blown 1000 feet high. In 
addition to these basic units of 
energy, the energy release of a 
nominal bomb has been estimated as 
equivalent to that released hy the 
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detonation of 20,000 tons of T.N.T. 
Although the energy released by 
fission is very impressive, it  is rela- 
tively small compared with the 
energies involved in the forces of 
nature. For example, it is about 
the same as the energy of the sun's 
rays falling on 2 square miles of 
ground on a normal day, or to that 
released by a moderate shower pro- 
ducing a + inch of rain, say, over 
the greater Melbourne a r e a .  A 
strong earthquake dissipates as much 
energy as about one million nominal 
bombs. These various comparisons 
are given in an attempt to give some 
kind of balance to the mind in com- 
prehending orders of magnitude 
that are represented when 10 is 
raised to powers of the same order. 

The explosive effects and physical 
damage are not, of course, a function 
of the total energy release only, but 
are also functions of time. I t  is the 
rate of release of a given quantity 
of energy that determines the de- 
structive consequences, and in the 
case of the atomic weapons it is 
necessary to take into account the 
form in which the energy manifests 
itself-blast, heat and nuclear radia. 
tions. More will be said of this in 
the next section of the paper. 

The Physical Effenn Resulting from 
fhe Deionafion of a Nominal Bomb 

The actual effect on troops and 
military installations of an explo-
sion of an atomic weapon depends 
on a very large number of para-
meters. For a bomb of given size 
delivered against troops in a speci- 
fied geographical disposition there 
are more than twenty likely cases 
to be considered, depending on the 
nature of the burst, the passive de- 
fence condition of the troops, the 
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atmospheric conditions, their geo- sidered in more detail in the Seetion 
graphical disposition and the accu. dealing with lethality of atomic 
racy of delivery of the weapon. weapons. In this seetion the prin- 
These various factors will be con- cipal known effects of the nominal 
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or standard fission bomb will be con- 
sidered. Then, after considering the 
problem of scaling, it will be pos-
sible to make some attempt to ana-
lyze the problem of lethality. This, 
taken together with the logistic cost- 
effectiveness of atomic weapons,

I should provide the foundation for 
consideration of their tactical em-
ployment. 

The detonation of a nominal fls-
sion bomb in the air (say ZOO0 ft.  
above ground) produces four major 
effects-

(a) Blast, 
(b) Heat, 
(e) Initial nuclear radiations -

neutrons, gamma rays, 
(d) Residual nuclear radiations. 

It will be desirable to consider 
briefly the principal features of each 
of these effects in turn. 

Blast 

When a great quantity of energy 
IS released in a very short time there 
is considerable rise in temperature 
(in this case 10"' K). As a result, 
the products of the flssion are almost 
completely vaporised, and conse-
quently a very high pressure is set 
up in the immediate vicinity of the 
explosion. This pressure is trans- 
mitted through the surrounding me- 
dium with the speed of sound. The 
pressure front in such an explosion 
as this becomes very steep indeed, 
and builds up into a shock wave. 
his is due to the fact that the initial 

kisturhance heats up and pressurises 
the medium through which it has 
passed. As the speed of sound in- 
crease8 with temperature and pres- 
sure, the trailing portion of the pres- 
sure blast catches up on the initial 
disturbance, producing a shock front 
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with a long tail. This is quite dif- 
ferent to the shock wave from an 
ordinary bomb, where the limited 
amount of energy does not cause the 
same integrating effect. An ordi- 
nary bomb blast is more like a single 
impulsive blow. The two effects 
are shown in Fig. 1. I t  results in 
quite different eflects for the two 
types of blast on structures. For 
a given amount of energy the im- 
pulsive blast would cause the greater 
damage. A detailed understanding 
of the difference between the con- 
ventional and the atomic blast is im-
portant to military engineers who 
may be concerned with the design 
of field works and structures. 

In the case of the atomic blast 
Wave it is the peak pressure that de-
termines the destructive effects. An 
overpressure of 5-6 lb./sq. inch 
would cause severe damage in a 
built-up area, cause severe struc-
tural damage to steel frame build- 
ings, B-vehicles and the most sub-
stantial of camp buildings. In the 
case of the nominal bomb this pres-
sure occurs at about 2000 yds. Fig. 
2 gives an annotated graphical pic- 
ture of the blast effects of a nomi-
nal bomb. 

The effect of blast on personnel is 
rather more dimcult to assess. The 
human body is capable of withstand-
ing peak overpressures of up to 35 
Ib./sq. in. or more. At distances 
closer than 400 yds., therefore, a 
human being is almost certain to die 
as a direct result of blast. However, 
by far the greater danger from blast 
arises from secondary effeds. As 
indicated above. a peak pressure of 
5 or 6 Ib./sq. in. causes severe dam-
age to structures-troops in the 
vicinity are likely to suffer heavy 
casualties. This would apply par- 
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CATEGORIES OF DAMffif 

Categories of Blast Dsmage 

Distance in Miles Area of
Classiflcation of DamageDamage Min. Max. Sq. miles 

Complete destruction . . .  0 5 .I5 
Severe damage . . . . . . . . . . . .  .5 1.0 1.00 

Moderate damage . . . . . . . . .  1.O 2.0 9.5 

Partial damage . . . .  . . .  2.0 4.0 40.0 
Light damage . . . . . . . . . . . .  4.0 8.0 150.0 


TABLE 1 
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ticularly to troops either in or close 
to B-vehicles. 

The various categories of blast 
damage are set out in Table 1. 

Thermal Radiaiion 
Because of the very high tempera- 

tures attained in an atomic explo- 
sion-initially approaching that of 
the sun's interior-there is a large 
amount of thermal radiation. In 
fact, about one-third of the energy 
of the nominal bomb is released in 
this manner, i.e., about 8 x 1CP kilo-

watt hours. At 0.1 milliseconds 
after detonation the hall of fire con-
sists of an isothermal sphere of 50 
ft. radius at a temperature of 
300,000" K. The proportion of the 
radiation at  various distances from 
this high temperature source de-
pends on the clarity of the atmo- 
sphere and the distance from the 
burst. Because of the absorption hy 
various components of the atmo-
sphere, this radiation will he in the 
spectral region of wavelength ex-
ceeding 1860 Angstrom units (1Ang-

-16.3.-THERMAL ENEkGY/DISTANCE CURVES Fok 
VARIOUS ATMOSPHERIC CONDITIONS 
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Ait~nuaiionPaston for Variolu Atmosphnic Condifioas 
Atmospheric Attenuation 1 Attenuation 
Conditions Factor Km-' Factor/1000 yards 

In vacuo . . . . . . . . .  0 0 
Exceptionally Clear . . 0.1 0.09 
Clear . . . . . . . . . . . .  0.2-0.4 0.18-0.36 
Light Haze . . . . . . . .  0.8-1.2 0.73-1.09 
Dense Haze . . . . . . . .  1.6-2.0 1.45-1.82 

TABLE 2 

s h m  Unit = lo-' cm.). i.e., it will 
consist of-

ultra violet radiation (1860A-
3850Ah 

Visible light (3850A-7800A), 
Infra red rays (greater t h a n  

1600A). 

One of the principal factors relat- 
ing to the radiation of thermal 
energy is the absorption and scatter- 
ing it experiences in passing through 
the atmosphere. Many factors in- 
fluedice this, and it is not proposed 
to discuss them here. However, the 
physical effects are markedly influ- 
enced by the atmospheric conditions, 
and they are thus of great impart- 
ance in estimating casualties and 
other effects caused by the heat 
flash Table 2 and Fig. 3 summarise 
the situation in this regard: Table 
2 shows the approximate attenua-
tion factors for various atmospheric 
conditions, whilst Fig. 3 gives the 
total thermal energy delivered at 
varying distances for a range of at-
tenuation factors. 

An important feature so far as the 
resultant physical effects 81e con-
cerned is that the whole of this 
radiation is emitted in a very short 
t i m d  seconds from the initiation 
OI the explosion. The time intensity 
is thus high, and 8 s  a result the 
radiation falling on any combustible 

object has little time to dissipate by 
conduction. The temperature of such 
objects thus rises rapidly, avd igni- 
tion takes place much more readily 
than it would if the Same quantity 
of heat were applied over a longer 
period. Fig. 4 shows the nature of 
the relationship between total energy 
and its rate of supply in the case 
of ignition of wood. 

From the considerations described 
above it is clear then that the prin- 
cipal criteria for determining the 
effect of the heat flash in combust- 
ible materials and skin is the total 
energy received per unit area. A 
great amount ofexperimental work 
has been carried out on the deter- 
mination of the critical energies (ex- 
pressed in calories/sq. cm.) required 
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to cause ignition of various mate- and 0.4 km-'. These factors represent 
rials. The results of this work are the limits of attenuation on what 
summarised in Table 3. In addition, would normally be described as a 
the effective distances from ground clear day. 
zero of a nominal bomb a t  which the It has been assumed, so far, that 
given critical energies will occur the damaging effects of the thermal 
are given. These distances are given radiations have been due to the high b for attenuation factors K = 0.2 km-' temperatures resulting from t h e  

Criiical Energies and Diaiances from Ground Zero for an Air Burd  
Nominal Bomb 

(Reprinted from "Effects of Atomic Weapons") 
- . _ _ ~ ~ _ _  

Critical Effective Distance 
Material 

Energy 

calkm' feet feet 
Skin . . . . . . . . . .  Moderate burns 3 10,000 8,000 


Slight burns 2 12,000 9,600 
White paper . . . . .  Chars 8 7,000 6,000 

Burns 10 6,300 5,400 
Black paper . . . . .  Burns 3 10,000 8,400 
Douglas flr . . . . .  Burns 11 5,900 5,200 

Chars 8 7,000 6,000 
Douglas fir (stained Burns 3 10,000 8,400 

dark) . . . . . . .  

Philippine Chars I 7,300 6,300 

mahogany . . . . .  Burns 9 1,150 6,150 
Maple (black) . . .  Chars 8 7,030 6,000 

Burns 25 4,300 3,800 
Cott.on shirting Scorches 8 1,000 6,000 

(grey) . . . . . . .  Burns 10 6,300 5,400 

Cotton twill . . . . .  Scorches 10 6,300 5,400 

Burns 11 5,100 4,400 
Gabardine Brittle 7 1,300 6,300 

(green) . . . . . .  Burns 10 6,300 5,400 
Nylon (olive drab: Melts 3 10,000 8,400 
Rayon lining . . . .  Scorches 3 10,000 8.400 

Burns 8 7,000 6,000 
Wool serge (dark Nap gone 2 12,000 9,600 

blue) . . . . . . . .  Loose flbres bum I 1,300 6,300 

Worsted (tropical Nap melts 4 9,100 7,600 

'khaki) . . . . . .  Bums 15 5,400 4,700 
Rubber (synthetic: Burns 8 1,000 6,OOU 
Lucite' . . . . . . .  Softens 72 2,400 2,300 

Bakelite . . . . . . .  Chars 15 2.400 2.300
. . ~-~ . 

TAB 3 
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rapid absorption of the heat energy. 
Damage to skin t.ssue can be caused 
by the dirrct chemical effects result-
ing from the ultra-violet radiations. 
The symptoms of this effect are 
known as erythema. 
A considerable amount of work 

has been done to determine what 
percentage of burn casualties are 
likely to fall into this class. The re-
Suits of thls work show casualties 
from ultra-violet radiations are not 
likely to occur, except to the most 
sensitive individuals at distances 
greater than about 2OOu yds. At such 
distances severe burning would 
occur from infra-rd radiations. 

These facts are of more than aca- 
demic interest, as the bulk of the 
ultra-violet radiation is emitted al- 
most instantaneously w h e n  the 
temperature falls to 10,000” K. Infra 
red lays are emitted from 0.3 to 3 
seconds later, and this means that 
there is a very good chance of mini- 
mis.ng bu n casualties if individuals 
take immediate cover after t h e  
initial flash of the explosion. 

In addition to the direct effects Of 
thermal radiation, an extremely 
serious effect will result from the 
1nte;action between blast and ther. 
mal radiation in built-up areas and 
above ground base and L of (5 in. 
stallations. Blast damage to physi. 
cal structures is in itself likely to 
cause many fires, and this, taken to- 
gether with th? intense heat flash, 
may cause the situation to become 
extremely critical. 

However, on the credit side there 
is Som. evidence to show that firer 
started by the heat flash in certain 
structures in the absence of inflam. 
mable acctssorics such as gas and 
clectric installations may be extin. 
gu:shed by the blast wave which 

follows. This is likely to occur under 
certain conditions in wooded coun-
try, and it would minimise the pos-
sibility of bush fires. 

Tim IniHlt N u d ~ rRadiations 
Nuclear radiations fmm an atomic 

explosion fall into two cla-
(a) Initial radiations, 
(b) Residual radiations. 
There is a continuous transition 

from one type to the other, and so 
the demarcation between the two 
kinds is fixed more or less arbi-
trarily by considering those which 
occur within one minute of the ex- 
plosion as initial radiations. The 
residual radiations may exist for 
days and even weeks afterwards, 
but, of course, with diminishine 
strength. The characteristics of both 
types of radiation, but more particu-
larly of the rrsidual radiations, de- 
pend on the natu:e of the burst (air 
burst, ground burst, underwater 
burst, etc.). As the two types of 
radiation are characterised by very 
different properties, they will be 
discussEd separa te lydi t ia l  radia-
tions in this section and residual 
radiations in the suweding one. 

The detonation of an atomic 
weapon is accompanied by the re. 
lease of gamma rays, neutrons, beta 
and alpha particles. The neutrons 
and some gamma rays are emitted 
in th? actual flssion process, i.e.. 
simultaneously with the explosion. 
while the remainder of the gamma 
radiation and the beta particles are( 
liberated as the flssion products de- 
cay. The alpha particlf s result from 
the normal radioactive decay of ;a. 
nium and plutonium. The rahge of 
the alpha and beta particles issmSll. 
and for an air burst bomb they~will 
not reach the earth’s surface, The 
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initial radiations may therefore be 
considered to consist of neutrons and 
gamma rays. 

These radiations are very pene-
trating. For example, at a distance 
of 1000 yards from the exdosion the 
initial n-wlear radiation would prob- 
ably prove fatal to 50% of human 
beings, even if protected by 12 
inches of concrete. 

The properties of neutrons and 
gamma rays are novel, and lead to 
many results of interest to soldiers 
as well as scientists (1, 2, 15, 21). 
In this paper it will be necessary to 
limit the discussion to some brief 
remarks concerning their range in 
air and their lethal effects. As the 
properties ol the two types oi radia-
tion are so different, they will be 
considered separately. 

Neutrons 

The neutrons emitted in the lis-
sion process carry about 3% of the 
energy of the explosion. Of this 
something less than 1%escapes be- 
cause of the loss of energy to com- 
ponents of the exploding bomb, i.e.: 
the escaping neutrons have about 
0.03% of the energy of the explosion. 
This seems small compared with the 
33% of energy appearing in the heat 
Rash. However, the lethal effect of 
neutrons is considerable, and in addi- 
tion they will penetrate many inches 
of shielding material, whereas 
shielding from the thermal effect is 
comparatively easy. 

The spectrum of the neutron 
radiation is characterised by fast and 
slow neutrons, the latter predomin- 
ating in the ratio of 10 to 1. The in. 
tensity of the neutron flux, for fast 
and slow neutrons, at various dis-

tances from the explosion is given 
in Fig. 5.  

The interaction of neutrons with 
animate and inanimate matter is a 
complex study. It is sufficient to 
say here that the principal effects 
cause transmutation of elements and 
induce radioactivity. These effects 
produce serious physiological effects. 
The lethal number of slow neutrons 
may be taken as 5 x 10"persq.cm.. 
and that of fast neutrons 10" per sq.-
cm. Reference to Fig. 5 shows that 
their lethal range is approximately 
600 yds. If allowance is made for 
neutrons of energies intermediate 
between the slow and the fast varie- 
ties, this tlgure may he increased to 
800 yds. Although these ranges are 
small compared with those resulting 
from other causes of lethal effects, 
it is important to note that at points 
very close to the explosion (say 400 
yds.), where field works may pro- 
tect personnel from the effects of 
blast and h e a t ,  the penetrating 
power of the neutrons may cause 
casualties which would not other. 
wise occur. 

The problems associated with the 
shielding from neutrons are very 
complex, as the interaction of neu- 
trons on many shielding materials 
produces gamma ray photons, which 
if not absorbed constitute an addi- 
tional hazard. Concrete is a satis-
factory material, as it contains a 
large amount of hydrogen to slow 
down the neutrons, and calcium sili- 
con and oxygen to absorb the gamma 
photons. Addition of scrap iron im- 
proves the properties of concrete as 
a shield. 

Gamma Rays 
The energy associated with the 

gamma rays is of the same order as 
that carried by the neutrons, i.e., 
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3% of total bomb energy. As with which will produce electrically 
neutrons, only about 1% of this charged particles carrying 1 electro-
amount penetrates to any distances static unit of charge in 1 C.C. of dry 
from the source of the explosion. air at 0" C. and 1 atmowhere pres- 

The gamma rays are of two kinds sure. 

-prompt and delayed. The prompt The dosage (in roentgens) of 
gamma radiations are produced gamma rays which occurs at various 
within a few millionths of a second distances from a nominal bomb is 
of the detonation. However, asso- given in Fig. E. This graph, taken 
ciated with the explosion are various in conjunction with Table 4, which 
fission fragments, many of which are relates the dosage to its resultant 
radioactive. As these decay, gamma physiological effects, will permit the 
rays are emitted. There will be ap- determination of the lethal effects 
preciable liberation in the flrst on human beings. If we take 400 
minute from this decay activity; roentgens as a median lethal dose 
after this, the decay continues, and (one causing a 50% likelihood of 
the accompanying radiation merges death), then reference to Fig. 6 in-
into the residual category. dicates that this would occur a t  

Although gamma rays may induce 
1400 yards from the explosion. 

dome radioactivity in other sub- The intensity of gamma radiatlon 
stances, the amount is negligible. On is reduced by shielding. Figs. 7 and 
the other hand, they have very 8 show the thicknesses of concrete 
strong ionizing effects on matter. and steel required to reduce the 
and this may have profound physio- radiation to given levels at various 
logical consequences. For this rea- distances from the explosion. Com- 
son the radiation dosage is a mea- pacted earth produces about the 
sure of their ionizing capacity. The same shielding effect as concrete. 
unit dosage is the roentgen, which Examination of these graphs shows 
is the amount of gamma radiation that the armour of an A.F.V. will 

Probable Effects of Sinale E>
~ "~ 

~~~ ~ _ _  
Single Dose 

R. 
Mortality 
a t  24 hrs. 
-

Mortality 
a t  6 weeks 

Number 
incap. 

within 24 hrs. 

Probable time 
of unfitness 

for duty 

0.25 
25-15 
15-100 

0 
0 
0 

0 
0 

0.1% 

Negligible 
A few 
Half 

2-3 days 
2-3 days 
1-2 weeks 

100-150 0 0.5% Half 3 weeks 
150-200 0 5% Three- Not less than 

quarters 3 weeks 

200-400 Not likely About 'h Prob. all 
Some very ill 
3 months 

400-600 A few About t Prob. all 3 months 
Over 800 Some Almost all Prob. all 

TABLE 4 
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DISTANCE FROM EXPLOSION (IO00 YDS.) 

FIG. 6. WSAGE OF INITIAL CAMMA RADIATDN 



41 PHYSICAL EFFECTS OF ATOMIC WEAPONS 

0 5  1-0 P5 2 0  
OISTIWCE (moo ms) 

SHIELDING THICKNESS OF CONCRETE 

produce a worthwhile radiation 
shield, e.g.. 3 inches of armour plate 
will reduce the dosage to 25% of 
its original value. 

Residual Radiafiom 
Consideration of the effects of the 

residual radiation from an atomic 
explosion is a subject to which sev- 
eral papers should be devoted in 
their entirety. The residual radia- 
tions will not cause large numbers 
of fatal casualties. If proper atten- 
tion is given to passive defence mea- 
sures, such casualties would be ex. 
tremely small. In large scale opera- 
tions the effect of certain areas being 
uninhabitable for varying periods 
will need to be taken into account in 
tactical plans. More important, how- 
ever, will be the medical problems. 
resulting from non-lethal dosages to 
troops: and the multitude of ad-
ministrative problems arising from 
contamination of food, other supplies 
and equipment. Procedures asso-
ciated with “mapping” contamina-
tion intensities, inspection and de- 
contamination will produce many 
new training problems. It is not in. 
tended to do more than mention 
these problems here. The remain. 

ing part of this brief discussion of 
residual radiations will be devoted 
to an explanation of the principal 
characteristics of the residual radia- 
tions. 

The residual radiations, as has 
been indicated already, are emitted 
after a minute from the instant of 
the atomic explosion. They arise 
from-

(a)  Fission products, 
(b) Uranium 235 and plutonium 

that have escaped fission. 
(e) Activity induced by neutrons 

in various elements present in 
the earth and se& 

The major portion of the residual 
radioactivity is due to the decay of 
the fission products. The induced 
activity is important only in  the case 
of ground, underground and under- 
water explosions. Confining the dis- 
cussion once again to the air burst 
nominal bomb, it will be seen that 
the residual radioactivity hazard is 
due to (a) and (b) above. 

The radioactive fission products 
and the uranium and plutonium be- 
ing heavier than air, eventually fall 
to the ground. The intensity of the 
radiatlons they produce and the area 



42 AUSTRALIAN ARMY JOURNAL 

over which they occur are deter-
mined mainly by the meteorological 
conditions at  the time of the explo- 
sion. This precipitation of radio-
active materials has become known 
as “fall-out’’ and the area over 
which they spread is the “fall-Out 
area.” I t  would appear that field 
meteorology will become an impor- 
tant service to a field commander. 

The residual radioactive effects 
are due to gamma rays and alpha 
and beta particles. Brief mention 
has already been made concerning 
the interaction of gamma rays with 
matter. Although the properties 
and the mechanics of interaction of 
the alpha and beta particles are dif- 
ferent, the overall effect is the same 
-i.e., they cause ionization, and 
hence are a physiological hazard. 
The range of the alpha particles is 
such that it would produce no harm- 
ful effects unless the material emit- 
ting it is ingested or finds its way 
into an open wound. Beta particles, 
on the other hand, would cause 
harmful effects i f  deposited on the 
skin or even on clothing. 

Consideration of the lethality of 
residual radiation leads to the ques- 
tion of the effects on the body of 
small doses which continue over a 
period of time as distinct from the 
flash dose received from the initial 
radiations. It has been stated that 
400 roentgens “one-shot” dose would 
result in a 50% chance of survival 
However, if 400 roentgens were re- 
ceived over a period of one month 
(12-14 roentgens/day) the chance 
of death would be considerably less 
Not very much is known of the de- 
tailed effects of small continuous 
doses of ionizing radiations on the 
human body, and as a result the 
standards employed in industrial en. 

vironments are conservative. The 
figure generally employed for people 
continuously subject to such radia- 
tions is 0.1 roentgens per day, with 
an over-riding provision that it shall 
not exceed 0.3 roentgens per week. 
There is no doubt that soldiers. 
civilians and civil defence workers 
in a future war will be called upon 
to endure continuous doses much 
greater than those accepted for 
peace-time industrial purposes. 

The Scaling Laws 
The value of the great amount of 

quantitative information on the 
nominal bomb is very much en-
hanced by the facility with whicb 
scaling laws may be applied to de- 
rive similar quantitative information 
for atomic explosions in general. In 
spite of the complex conditions that 
exist in the immediate vicinity of 
an atomic explosion, the justifica-
tion for applying simple scaling laws 
to explosions of different power rest? 
on the following foundations:- 

(a) The energy source resulting 
frm the explosion is concen- 
trated. 

(b) The distances a t  which the re- 
sults of the scaling are re-
quired are large compared 
with the radius of the sphere 
in  which the initial build-up 
of the explosion takes place. 

(c) The attenuation of the various 
radiations in the atmosphere 
obeys an exponential law. 

Different atomic explosions may 
thus be considered, with reasonable 
precision, to have originated from 
a point source or more correctly a 
small isothermal sphere. On the 
foregoing premises the various state 
variables - pressure, temperature, 

1 
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radiation intensity, etc., may be con- 
sidered as functions of distance from 
the explosion. The results for any 
explosion may be obtained from 
those of the reference explosion 
multiplied by a function of the 
initial energy release and where ap- B propriate an exponential decay' ' _  

function. 
The variables of greatest interest 

in assessing military effects are- 
(a) Blast overpressure, 
(b) Intensity of thermal radiation, 
(c) Intensities of nuclear radia-

tions. 

Blast Overpressure 
If E. is the energy release of the 

nominal bomb and r. is the dis-
tance from the explosion, it may 
he proved that- 

This means that the peak over-
pressure is a universal function of 
r/E'P. Reference to Fig. 2 shows 
that a nominal bomb produces a peak 
overpressure of 5.2 Ib./sq. inch at  a 
distance of 2000 yards from ground 
zero. If a bomb with an energy re- 
lease of 8 times thatofthe nominal 
bomb were exploded, this same over- 
pressure would occur a t  a distance 
given by- 

A thermo-nuclear bomb one thou- 
sand times as powerful as a nomi- 
nal bomb would cause severe dam- 
age (i.e., 5.2 Ib./sq. inch over-
pressure) up to a distance of 20,000 
yards-perhaps not as far as one 
would expect!! One thousand nomi- 
nal bombs appropriately distributed 
would devastate an area ten times 
as great. 

OF ATOMIC WEAPONS 

Thermal Effaets 

If e. is the total thermal energy 
associated with the explosion of a 
nominal bomb having a total energy 
E., then at distance rm the quan-
tity of heat energy Q. per unit area 
IS-

Q. 
e. -kr.

2 .  e 

where k is the atmospheric attenu- 
ation factor. 

For a second atomic weapon lib-
erating an amount of heat energy e, 
the distance at  which it will pro-
duce a heating effect similar to that 
of the nominal bomb is given by 

In considering two bombs whose 
energy release does not differ by 
more than a factor of (say) 2 the ex- 
ponential term may be ignored, and 
radii a t  which equal heat effects are 
produced are approximately propor- 
tional to the square root of their. re-
spective energy release. When the 
energy ratio is considerable, and 
when the attenuation is high, the 
more accurate result may be ob: 
tained graphically by reference to 
Fig. 3. The ordinates are scaled in 
the inverse ratio of the energy re- 
lease, and corresponding abscissae 
measure the respective distances at 
which equal radiation intensities are 
received. 

Scaling of Effects of Nue1e.a.r  
Radiation. 

The problem of scaling the eRects 
of nuclear radiations is more com- 
plicated than for blast and heat. 
This is due to the fact that the neu- 
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tron and gamma ray intensity de- 
pends on the geometry and other 
design details of the bomb, as well 
as the actual energy release. Inother 
words, these radiations do not carry 
a fixed percentage of the energy of 
different bombs, for example, the 
neutron energy that escapes from a 
nominal bomb bas been stated as ap-
proximately 0.03% of total energy- 
this is not necessarily the case for 
thermo-huclear weapons. HoweMr, 
for two fission weapons which are 
not too dissimilar in construction 
and size it is reasonable to suppose 
that the energy associated with neu- 
trons and gamma rays is propor- 
tional to the total energy. In such 
circumstances the ordinates of Figs. 
5 and 6 may be scaled in the inverse 
ratio of the energy release, and the 
corresponding abscissae will measure 
the radii at which similar intensi- 
ties of radiation will occur. 
As an example, consider t h e  

gamma radiation for a bomb with 
energy double that of the nominal 
bomb. From Fig. 6 it will be seen 
that a median lethal dose of 400 
roentgens will occur at 1400 yards. 
If the ordinate isnow multiplied by
1 to give a dosage of 200 roentgens, 
the corresponding abscissae is ap-
proximately 1600 yards. 

Lelhdiq  of Atomic Weapons and 
the Estimalion of Casualties and 

Damage 

The cbnsiderable amount of data 
on the bhysical effects ofthenomi-
nal bomb, together with a know-
ledge of the scaling laws, provides a 
quantitative basis for- 

(a) The estimation of casualties, 
(b) Calculation of damage to mili-

tary installations and equip 
ment. 
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Careful and peinstaking study of 
these problems is most important. 
as the results of such study provide 
the starting point for all subsequent 
w o r k  on the effect of atomic 
weapons on military operations. A 
further point of importance is that 
this work must of necessity be 
mainly theoretical, for it is clear 
that in future wars experience of 
the effects of atomic weapons will 
not be gained in sufficiently small 
steps to permit the build up of 
knowledge by t r i a l  and error 
methods. 

Estimation of Casualfin 
The estimation of casualties de- 

pends on a large number of factors. 
the more important of which a re-  

(a) Power of the atomic weapon. 
(b) Nature of the burst, i.e., air 

burst, underwater burst, etc., 
(c) Passive defence condition of 

the troops (this factor is in- 
fluenced by warning time). 

(d) Atmospheric conditions, 
(e) Geographical (including t o p -  

graphical) distribution of 
troops, 

(f) Accuracy of delivery. 
The first four factors may be taken 

together to define a lelhdifg func- 
iion for lhe weapon. The remaining 
factors define a diatribuiion function 
for the troops in the area. It is rea- 
sonable to assume radial symmetry 
for the lethal effects of an explod. 
ing bomb, i.e., same effects take 
place in all radial directions. The 
lethality function, therefore, may be 
considered as a function of distance 
only from the explosion, provided 
that the Passive defence condition 
of the troops is uniform over the 
entire area. If this is not the case, 
it would be necessary to i n d u c e  
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a passive defence function which 
depends on both distance and bear- 
ing. Alternatively t h e  lethality 
function could be described as a 
function of both variables. For the 
purpose of this discussion, however, 
a uniform passive defence condition 
will he assumed, and the lethality 
function will be dependent on r, the 
distance from the explosion. 

The troop distribution function 
may in general be considered as a 
function of distance and bearing, i.e., 
G (r, 8) .  

It is easy to prove, then, that the 
total casualties over a given area is 
given by- 

c .=;Jfur)G(r, U )  rdr.dn 
and the limits of integration are de- 
fined by the particular axes under 
consideration. 

This expression for the casualties 
cannot be evaluated analytically in 
all cases. A number of simple ones 
may readily be solved,. and the 
answer to more complicated cases 
can always be obtained by resorting 
to graphical or numerical integra-
tion. 

Solutions have already been ob-
tained in cases characterized by the 
following conditions:- 

(a) Power of bomb-nominal or 
standard, 

(b) Type of burst-air burst, 
( c )  Passive defence situation, 

(i) Troops in open, 
( i i )  Troops "well dug in." 

(d) Atmospheric conditions-very 
clear, 

(e) Troop distributions, 
(i) Uniform two-dimensional 

or area dlstribution, 
(ii) Linear distributions. 

(f) Accuracy of delivery -miss 

OF ATOMIC WEAPONS 

distances of 500, 1O00, 1500, 
2000 yards from centre line of 
the linear distribution. 

Under these conditions it is pos-
sible to determine the lethality func- 
tions for the two passive defence 
conditions. There is a number of 
types of curves that may be used to 
represent the function. Three types 
are shown in Fig. 9. The results 
given below are based on the linear 
approximation. The lethality func- 
tion for the case of troops in the 
open has been obtained from the 
data given in Figs. 2. 3,5 and 6. It 
is approximate. and admittedly is 
a "worst" case. However, as the 
main purpose is to compare casual- 
ties for different distributions and 
miss distances, the exact form of the 
lethality function will not materi-
ally affect this. 

The question of troop distributions 
demands that consideration be given 
to the intensity of troops in the field. 
A study of conventional defensive 
layouts indicates that in a brigade 
group the intensity of troops is ap-
proximately one per 2500 sq. yards. 
If this figure is halved to make an 
initial allowance for the atomic situ- 
ation, then a concentration of U5000 
tps./sq. yd. would be obtained. This 
is approximately one man per acre, 
and such dispersion is considered to 
be the maximum that wQUld permit 
effective tactical and administrative 
handling of troops without consider- 
able reorganization of field forces. 

In dealing with linear distribu-
tions the same Agure for the con-
centration has been used. The linear 
distribution is further assumed to 
be 500 yards wide. 

The results of the calculations are 
given in Table 5. 
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7GL9. 
METHODS OF APPROXIMATING THE 

LETHALITY FUNCTION 

Linear distributions suggest a lat- The large ratio in casualties for 
tice system of field formations-the the area and the linear distribution 
bars of that lattice giving depth and must not be taken as an indication 
the uprights providing for support. of the merit of the two systems with- 
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Type of Miss Distance CasualtiesDistribution (yards) 
~--~ 

Area - 3000 
Linear 0 400 

500 380 
1000 280 
1500 195 

-~ I 2000 I 110 
TABLE 5 

out further qualification. The casual- one atomic weapon can in-
ties in the 500-yard strip are low, flict. 
mainly because there are many less (c) As the casualties fall with 
troops in the strip in the first place. miss distance, the enemy is 
If a given number of troops is to faced with an additional fac- 
be deployed in a given area, the tor in ensuring the cost-
density of troops in the lattice would effectiveness of his atomic 
need to be increased, and hence the strike is sufficient to warrant 
casualties would increase also. If its employment. 
the area is not fixed, then the lat- (d) The linear distribution leads
tice arrangement automatically gives naturally to the “strong-point“ greater depth for a given number method of deployment if theof troops. This is most desirable, distribution along a lattice is
provided it does not result in indi- contracted until the troops are vidual lattice members becoming too concentrated at centre points weak. Certain other attractive fea- of its members.tures of the lattice layout depend 
on the following considerations:- These remarks have been based 

on a lethality function which has (a) Reference to Table 5 shows been constructed to deal with athat the casualties for an area “worst” case. If instead a “best” case distribution, even with a troop is taken, i.e., a maximum of digging- concentration of one per acre, in and other passive defence prepar- could not be tolerated -in ations, the lethality function may be other words, the dispersion modified to give- 
would need to be m u c h  
greater, and as a result prob- (a) 100% casualties from 0.2.to 
lems of tactical and logistic 500 yards. 
control would become serious. (b) A linear regression from 100% 
On the other hand, one or even casualties at 500 yards to nil 
more per acre could be per- at 1500 yards. 
mitted along the memben of If this is applied to the calcula. 
the lattice. tion of casualties, then the results 

(b) The lattice distribution can be given in Table 5 are altered t o  those 
designed to set a top limit to given in Table 6. Table 6 also shows 
the number of casualties any casualties if the concentration is in- 



5 1 n  of Miss Did. 
Distribution (yards) 

Area -
Linear 0 

500 
1000 
1500I 

creased to four soldiers per 5000 sq. 
yards, as it is felt that elaborate 
passive defence works would de-
mand a somewhat greater concen-
tration of troops than one per acre. 

In applying these flgures to the 
design of a lattice system of troop 
distributions, the tactical and logis- 
tic problems are reduced in com-
plexity as size of the lattice mesh 
is reduced from something of the 
order of 6000 yards to 3000 YardS. 
This means that with an intensity 
of four men per acre there are ap- 
proximately 1200 men for deploy-
ment on a 3000-yard front. 

Damage io Miliary Installilations 

An estimate of damage likely to 
be caused to military installations. 
such as ordnance depots, base camps. 
port facilities, can be made from the 
da t a  assembled in the foregoing
sections of this paper. Space will 
not permit any very full investiga-
tion being recorded here. However, 
the following observations are of in-
terest:-

(a) Assuming a peak overpressure 
of 5-8 lb. per sq. inch will 
cause severe damage to steel 
mill buildings, ordnance sheds. 
workshop buildings, and all 

Casualties 
__--

1 per 5000 4 per 5000 
sq. yds. sq. yds. 

680 2120 
200 800 
150 BOD 
55 220 
0 0 

kinds of camp buildings, then 
the area over which such 
damage would occur is of the 
order of 1.5 square miles. 

(b) Over the same area the in-
tensity of the heat flash would 
be such that it would contri- 
bute materially to initiation of 
flres. In conjunction with the 
blast effects, the flre hazard 
would extend the area of 
severe and permanent damage 
to something like 3 to 4 square 
miles. 

(e) A perusal has been made of 
the ground plans of certain 
ordnance and R.A.E.M.E. base 
installations. and it is at once 
obvious that some depots 
would be totally and com-
pletely destroyed. 0t h e r  s 
would not fare much better. 

(d) A typical training camp would 
also be destroyed, and most of 
its mupan t s  would be fatal 
casualties. (Concentration of 
troops at such a camp is 
about I2 per acre.) 

(e) Much of the heavy equipment 
(guns, Wcks. etc.) at the ord- 
nance installations could be 
salvaged, but there would be 
n serious decontamination and 
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repair problem d t e d  
with making it suitable for 
issue. 

These observations indicate that 
the damage problem to existing type 
installations would be very serious 
indeed. The analysis given in the 
previous section of the paper may 
have even greater application to the 
problem of layout of military in-
stallations -a linear layout would 
certainly minimise the damage. A 
study should be made of the prob- 
lem of ”phasing” stocks in various 
depots to ensure that the complete 
stocks of no essential store were 
located in one depot. 

There is no doubt that the great- 
est contribution to the reduction of 
physical damage to installations, 
stores and equipment will result 
from going underground. 

The Cos:-Effeclirenn. of 
Atomic Weapons 

In this brief review it will not be 
possible to carry out a complete 
analysis of the cost-effectiveness of 
atomic weapons. Furthermore, any 
valid conclusion would depend on 
authentic information of the design 
details and the manufacturing pro- 
cesses of atomic weapons. However, 
there are certain factors which bring 
light to bear on this problem. and 
it is proposed to discuss them here. 

In considering the cost of an 
atomic weapon both the cost of the 
weapon itself and the cost of de-
livery must be taken into account. 
In fact, by doing this the lack of 
information on the actual cost of 
the weapons can to Borne extent 
eliminated from the problem. 

The basis for an estimation of cost 
of delivery of an atomic weapon is 

~~ ~ 
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a comparative one. The most spec-
tacular case is that of their strategic 
or tactical/strategic employment. It 
has been variously estimated that 
the effect of a single nominal bomb 
is comparable to that of a “thousand 
bomber” conventional raid. If this 
estimate is seriously in error, then 
it can readily be corrected by sub- 
stituting a bigger b o m b u p  to say 
four times the power of a nominal 
bomb. On the basis of this equiva-
lence there is little need to extend 
the argument further. A nominal 
or a 4 x N-bomb could be delivered 
by a single bomber. On the other 
band, a thousand bomber raid repre- 
sents a capital investment o€ some-
thing of the order of f500 million. 
Assuming a 5% loss of aircraft in 
such a raid, and a 15% maintenance 
and operating overhead, it would 
appear that such a raid would cost 
something of the order of $100 mil-
lion. It would seem, therefore, to 
matter little if the atomic weapon 
itself cost f 1,000,000 or f lO,POO,OOO. 

A typical tactical comparison can- 
not be made in such general terms. 
In the case of troops depl?yed in 
the open there is some evidence to 
support the claim that 100,000 25-
pdr. shells may produce the same 
order of casualties as a nominal 
bomb. However, unless they were 
delivered almost instantaneously 
(and that would require a prohibi- 
tive number of guns), the casualties 
would drop very rapidly as troops 
took cover. However, if it is fur-
ther assumed that the arWlery at-
tack is spread over 10 minutes, then 
it would require something like 
2000 Aeld pieces to carry out the job. 
Such E number of 25-pd?. guns 
would represent a capital of 
f20,000,000. Such a concentration of 
artillery is roughly equivalent to 
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the total resources of an Army. The 
total overhead associated with such 
a deployment (vehicles, fire Control 
gear, personal equipment) would be 
of the order of f100 million. Assum-
ing a figure of 20% for the mainten- 
ance and operating costs, then the 
cost of delivery is of the order of 
f20,000,000. Although this compari- 
son is not-so spectacular as the for- 
mer, it does nevertheless draw at- 
tention to the fact that the cost Of 
delivery is more important than the 
actual cost of the lethal part of the 
weapon. 

It is not fair to leave this aspect 
of the discussion without mention- 
ing that the mass fire support en-
visaged in this context is only one 
of the roles of artillery. In addition, 
an effective neutralising barrage of 
an area equivalent to that destroyed 
by a nominal bomb is often all that 
is required. and such fire support 
could be given by the normal re-
sources of a divisional artillery. 

The “effectiveness” factor in the 
cost-effectiveness equation has been 
implied in adopting the comparative 
method. In other words, to achieve 
a given result the relative costs of 
atomic and conventional fire power 
have been assessed. Furthermore 
the cost of the weapon-which is 
unknown-has been eliminated. 

Before concluding this section 
mention is made, however, of the 
actual values that the effectiveness 
term mav embrace. It was stated 
earlier that one atomic weapon 
(nominal) would be sufficient to de- 
stroy a major ordnance depot. The 
capital cost of such a depot (includ- 
ing its associated R.A.E.M.E.work-
shop installations) may be taken to 
be something in excess of f5,000,000. 
The stores contained in such a 

depot could have value of upwards 
of ten times this figure, i.e., 
f50,003.000. 


From this brief and not too rigor- 
ous analysis, it would be safe to 
conclude that the cost-effectiveness 
of atomic weapons is likely to be 
high in comparison with standard 
weapons, especially against military 
installations and base facilities, such 
as ports and depots. So far as their 
use in the field is concerned, the 
situation is more obscure. If the 
discrimination of targets is adequate, 
a major tactical success m a y  be 
achieved. However, to compare 
atomic and conventional artillery 
only in the case of ”massed” fire 
support is not fair, as the conven-
tional weapons have a wide variety 
of other functions. 

Conclusion 

In setting down the conclusions 
resulting from the foregoing discus- 
sion it is important to emphasise 
that they are based on information 
which is in the main unclassified. 
Some of the “real” secrets may alter 
such conclusions drastically. How-
ever, even if they do, no real harm 
will have been done, for the main 
object of the paper has been to show 
how basic data on the effect of an 
atomic explosion may be applied to 
a military situation. If new data are 
supplied, new calculations may be 
carried out and fresh results ob-
tained. 

With this in mind, it is felt, then, 
that within the limitations of the 
available information the following 
conclusions may be warranted:- 

(a) There is considerable liters-
ture available on the subject. 

(b) The known effects of the nom- 
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inal bomb and the scaling laws 
permit determination of the 
effects of atomic weapons of 
all sizes likely to be employed 
in m i l i t w  situations. 

(e) Determination of casualties 
resulting from use of atomic 
weapons is difficult. It is, 
however, important that work 
should proceed on this task 
in order to provide quantita- 
tive data for new planning. 
Work on estimation of casual- 
ties already carried out re-
veals-

(i) Casualties f a l l  v e r y  
rapidly 89 the Passive 
defence measures are im- 
proved, 

(ii) Linear distributions of 
troops reduce casualties 
to a marked extent, and 
it appears that consider- 
ation should be given to 
the tactical and organi-
zational problems in-
volved in a "lattice" dis-
tribution of fleld forces, 

(iii) Casualties and damage in 
built-up and congested 
base areas, ports, L of C 
installations w i 11 be 
heavy. 

(d) The pollution of large areas 
by residual radiations will in- 

~fluence large scale tactical 
planning, and will introduce 
a whole series of administra- 
tive problems relating to con- 
tamination of personnel, food 
and equipment. 

(e) Cost-effectiveness should be 
high, provided there is ade- 
quate discrimination of tar-
gets, and that accuracy of de-
livery is sufficiently high. 

ATOMIC WEAPONS 51 

(f) It will be necessary to pro-
vide on the various formation 
headquarten a senior staff 
officer, who is basically quali- 
fied in physics and mathe-
matics, Bnd who has been 
trained and experienced in the 
many specialised problems re- 
lating to the employment of 
atomic weapons. Such an offi-
cer may require his own small 
staff of scientists at G.I. and 
G.11. level. 
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The EFFECTS of ATOMIC 

WEAPONS 
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MILITARY OPERATIONS 
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RESTRICTED and is not to be 
republished, in whole or in part, 
without the pembsion of Annu 
Headquarters.-Editor. 

THE
aim of this paper is: 
(a) To discuss the tactical employ- 

ment of A-weapons in the field, 
with particular reference to the 
defence, and 

(b) As a result of some quantita-
tive estimates of the effects of 
A-weapons in various tactical 
situations to bring out some of 
t h e  more important lessons 
which will determine the most 
effective measures, both active 
and passive. which can turn the 
introduction of A-weapons to 
our own advantage. 

lIli?OdUC!iOn 

As the effects of A-weapons re-
present an inaease of weapon effec- 
tiveness by an order of magnitude, 
we must be prepared to examine 
tactics and organization from flrst 

Army Operational Research Group 

principles to decide whether basic 
changes in either or both may be 
necessary. 

Throughout oIv discussion, we 
must keep constantly in mind the 
twofold problem: 

(a) The adaptation of the Beld force 
to suit atomic conditions, and 

(b) The best use of our resources to 
obtain the maximum effective- 
ness with conventional weapons. 
(For example, in dispersing our 
force in a defensive position we 
must ensure that we do not 
leave ourselves open to defeat 
by conventional means.) 

Probably no previous s i n g l e  
change in the materials for waging 
war has provided such a scope for 
detailed analysis. We have seen a 
few of the early attempts to provide 
the answer in a number of articles 
already published. No doubt further 
solutions will be forthcoming and 
will be widely divergent, and are 
likely to range from the notion that 
A-weapons are merely a natural ex-
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tension of conventional support 
weapons to be taken in our stride 
(just as a tactical air force has come 
to be accepted as a normal means 
of support), to the opposite extteme 
view that A-weapons will entirely 
change the nature of the battle-field 
and lead to a push-button war. 

I believe that the results of careful 
and deliberate study which is going 
on at present will And a solution 
which will not be extreme, but 
which will indicate the need for 
c h a n g e s in organization and 
methods, both in tactics and admin- 
istration, and which will probably 
lay new and greater emphasis on 
some of the well-established factors 
and principles. We should not ex- 
pect changes in principles because, 
if they are true principles, they are 
not likely to alter. It is the changes 
in methods and in the possible 
changes of emphasis on the several 
factors which contribute to success 
in battle in which we will find the 
most profltable field of study. 

Typo8 of Weapons fo be Colviderrd 

The physical effects of atomic 
weapons are now well known. Most 
of the details of their Effects on men 
and material i n  a wide range of con. 
ditions are well known and may be 
found in the unclassified literature. 
The most valuable publication to 
date is "Effects of Atomic Weapons,'' 
Produced by the Los Alamos Scien. 
tiflc Laboratory in USA. Practically 
all the-information on which this 
paper has been based has 'been 
drawn from this source. I do not 
know whether the so-called Hydro- 
gen bombs-or more correctly 
thermo-nuclear bombs -are likely 
to be used in the fleld. Their pri- 
mary use appears naturally to be for 

employMat against major strategic 
targets rather than for. tactical use. 
Large ports, vital industrial areas, 
beach-head8 such as the one devel- 
oped in OVERLORD, major river 
crossings, and large civilian targets 
such as big cities seem to be the 
natural and primary targets for 
thermo-nuclear weapons. However, 
the appearance of thermo-nuclear 
weapons in the battle-field is not 
out of the question. 

The use of either type of atomic 
weapon in the field, and the scale 
of their availability, will depend 
quite naturally on the strategic 
appreciation by t h e  combatant 
nation. We may assume that each 
of the likely combatants will have 
both types of atomic weapons avail- 
able in finite but considerable num- 
bers. It s e e m s  probable that 
superiority in numbers of atomic 
weapons may be the Allies' only ini- 
tial advantage. Naturally, strategic 
targets, which may be attacked by 
long-range bombers or guided mis-
siles or possibly by s e a  b o r n e  
weapons, will have first call on a 
nation's atomic potential. If the s u p  
ply of either or both types of 
weapon can be extended to provide 
for their tactical use, the scale of 
provision for use in the fleld will 
be determined by an appreciation 
designed to obtain the maximum 
effectiveness of the total supply of 
atomic weapons. For example, if in 
the last war, high explosive were in  
critically short supply, it would have 
been quite a nice problem to decide 
whether the greatest effectiveness 
were to be achieved by putting it 
into IO-tOn bombers to demolish 
cities, or by using it in large num- 
bers of shells in the field, or to de-
termine what combination of the 
two would produce the optimum 

( 
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solution. Fmm such a consideration. 
it seems reasonable to suppose that 
atomic weapons will be available 
for field use and that the scale Of 
provision will, at least in the early 
stages of a w a r ,  be somewhat 
limited. 

For the purpose of the present 
discussion, the case is built on fission 
weapons, although the possibility of 
the use of thermo-nuclear weapons 
must not be excluded. Two con-
siderations point to the possibility 
of more liberal use of thermo. 
nuclear bombs. 

(a) They are now, I believe, much 
simpler and compact in con-
struction. 

(b) The development of a fusion 
bomb which does not require 
Uranium or Plutonium as a 
primer should always be re-
garded as technically feasible 

Initially, let us concentrate on the 
weapons which we now expect to 
find in the field, but be consciouo 
of the fact that we have limited the 
scope of the discussion, and remain 
aware that there are in the back- 
ground other possibilities which, if 
introduced, will bring changes of a 
further order of magnitude and a 
new set of far-reaching implications, 

In addition, there is the next regu- 
lar step in the problem-the exten-
sion of our tactical methods to 
provide for the day when atomic 
weapons in the field are plentiful 

As a basis for our problem, there- 
fore, and to keep it to manageable 
Proportions, let us start with some 
reasonable assumptions and apply to 
Some typical situations the well-
known physical effects of atomir 
weapons, and leave the discussion of 

the problem of tactics in the pre-
sence of thermo-nuclear weapons or 
of atomic plznty until anothzr day. 

As a starting point for our dis-
cussions, let us begin by assuming: 

(a) That atomic weapons of energy 
capacity one -quarter to about 
four times h a :  of the nominal 
(20 KT)homhs vr.11 he available 
in the field in sm:ill numbers for 
a given tactical event on R divi-
sional scale or larger, and 

(b) That these weapons may be 
delivered by bomb, shell or 
guided missile with a degree of 
accuracy of the same order as 
that of a heavy gun. 

Tactical Effecfs of A-W-ns 

Before trying to evaluate the 
changes in tactical employment of 
field forces, let us apply the effects 
of a nominal (20 KT) bomb to a 
reasonably typical divisional area 

Let us examine three cases: 

{a) The worst extreme-with all 
troops and equipment in the 
open. 

(b)The best case - all troops 
under cover, with 18 inches or 
more of head-cover and equip- 
ment and vehicles dug in as far 
as would be practicable. 

(c) An intermediate case - say 
four-feet trenches for all per- 
sonnel but no overhead cover 
except in command posts and 
with vehicles and weapons only 
partly dug in. 

Now let us study the divisional 
picture under these conditions and 
see what results might be expected 
from one nominal bomb. The area is 
shaded to show the areas in which a 
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ground zero may be located with the 
result that the explosion would 
effectively d e s t r o y the tactical 
effectiveness of one or more major 
units. 

. .  
,i From an examination of the effects 
in the worst case, shown in Figure 
1. it is clear that one or two nominal 
bombs suitably placed could effec- 
tively destroy the defensive position. 
For example, a bomb exploding over 
a ground zero a t  point “A” would 
eliminate the f o u r  battalions as 
shown in Figure 1, while one with 
ground zero at  point “B” would 
eliminate the three units indicated. 
In this case, the large area of de-
struction is predominantly due to 
the flash of thermal radiation. 

Now ‘let us turn to the other ex- 
treme, where everyone is provided 
with at  least 18 inches of overhead 
cover, and there has been some 
warning of the approach of the 
weapon, so that everyone has had 
the opportunity of availing himself 
of the protection available. In this 
case, shown in Figure 3, the effect 
of heat is practically eliminated. 
unless troops are  unlucky enough t@ 
be trapped in burning buildings or 
forest and suffer secondary effect? 
of heat radiation. 

The primary effects of blast would 
produce f e w  casualties but the 
secondary effects of blast are quite 
unpredictable; injuries are likely to 
be caused by flying debris, or by 
collapse of overhead cover, rather 
than by the direct effect of blast on 
the body. The major causes of 
casualties in this case will be radia- 
tion with some casualties caused by 
the secondary effects of blast. An 
examination of the percentage of 
casualties to be expected from all 
causes, as a function of distance 

from ground zero shows how can-
siderably the danger area has been 
reduced. 

The interesting feature of the 
comparison between these two cases 
is the fact that whereas the most 
effective positions ior ground zero 
in the first case were near the centre 
of mass of a group of units. in the  
second case. a ground zero needs 
to be practically inside a unit’s peri- 
meter for the weapon to be com-
pletely effective. 

These are the worst and the best 
cases, and neither is likely to be 
realised in the majority of situations. 
An intermediate case is shown in 
Figure 2, where everyone has the 
opportunity of being four feet below 
the surface of the ground, but with- 
out overhead cover. I t  has been 
assumed that everyone is making 
the best use of his cover, although 
not all will be protected from direct 
line of sight to the point of burst. 

In this case, there will be a wide 
range of casualty incidence, depend- 
ing as it does on the length of 
straight portions of trench, t h e  
orientation of the trench with re-
spect to ground z e r o  and the 
exact height of the point of burst 
above ground level, as well as each 
man’s position in the trench at  the 
time of burst. The casualty estimate 
has been based on the expected 
o r  mean values of the probability 
distribution. A fairly wide range of 
better or worse cases must be ex-
pected, depending on the true dis- 
tribution of the several factors 
which influence the result. 

I t  is mentioned that physical fea- 
tures of ground will not have much 
shielding effect, as 2000 feet-the 
optimum height of burst for a nomi- 
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nal bomb -subtends 31)  degrees at 
880 yards. The presence of timber, 
however, presents a serious hazard, 
as it will greatly increase the risk 
of injuries f r o m  the secondary 
effects of blast-flying branches and 
debris -up to 2500 yards or more 
from ground zero. 

The actual incidence of casualties 
will vary considerably, depending, 
as it does in the case of atomic 
weapons, on the detailed position 
and attitude of each man during the 
two seconds which largely deter-
mine his fate. 

The important result from the tac- 
tical point of view is the effective- 
ness of the unit after the explosion. 
I hesitate to give an estimate of the 
threshold casualty rate, but con-
sider that if a unit sustains 25 
per cent. of its number killed, or 
injured so seriously that they re-
quire immediate evacuation, with a 
proportionate number liable to suffer 
delayed effects, or with immediate 
but less severe effects, then that 
unit’s fighting effectiveness is set 
down at zero. 

Tacfical Consequences 

The Value of Corer 
It is neither a new nor a sur-

prising result that overheed protec- 
tion makes a very material contri- 
bution to the safety of troops in  
the presence of an atomic threat. 
The principle is well appreciated; 
the degree of protection may not 
have been quite as obvious. When 
troops are exposed it does not 
appem to matter quite so mAterially 
how they 82e arranged o n  the 
gmund in units and sub-unitsf the 
effect is much the same, as shown 
by the large areas of vulnerability in 

Figure 1. Not all troops CMexpect 
the same degree of overhead cover 
at all times, The artillery units will 
be particularly vulnerable when the 
guns are manned. The results can 
be minimised by even a few seconds’ 
warning of the approach of an 
atomic weapon, provided that each 
man has nearby some form of defen- 
sive preparation with overhead pro- 
tection. Inevitably, some men will 
be caught in the open, but the im- 
portance of early warning and the 
provision of the best available pro- 
tection generally cannot be over-
emphasised. The problem of early 
warning of an atomic threat, whieh 
may include shells, is indeed a 
serious one. 

The Optimum Sue and Cornpaifion 
Of Uniil 

The second and third situations 
show that, even with the best form 
of protection likely to be achieved, 
there will very likely be at least 
one major unit virtually destroyed 
with e a c h accurately delivered 
atomic weapon. 

Now, if there are a strictly limited 
total number of men available, wc 
cannot cord to maintain a balanced 
disposition simply by stacking in 
more units. Neither can we go too 
far in the direction of distributing 
the same man -power over the 
ground in smaller groups, because 
we must still maintain the maxi- 
mum effectiveness in the conven-
tional battle. 

I suggest that we need to look 
for the optimum arrangement With 
a larger number of self-contained 
organic units within a formation. 
mom a study of the effects of the 
atomic threat alone, I should say 
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that the smaller each unit can be 
made the better the result will be 
Balancing this against the confiicting 
consideration of strength in the con- 
ventional battle, 1 should think that 
the optimum will be reached by 
determining the maximum workable 
number of the smallest practicable 
self-contained, mutually supporting 
organic units possible within a for-
mation. Moreover, the unit so deter-
mined must represent the optimum 
solution and the one most suitable 
for all phases of war. 

Disposition of Major Unit. 
I am not going to be rash enough 

to propose a blue-print for this new 
streamlined Army. If the result is 
based primarily on technical con-
siderations, I suggest that it will 
require a very material alteration in 
the organization of the field force 
as we know it. Possible solutions 
may include the reduction in size of 
the infantry battalion, with a greater 
proportion of automatic weapons and 
an improvement in its own support 
weapons to make up for loss of man- 
power by increased fire-power. This 
should not be regarded as an easy 
solution as each n e w  automatic 
weapon means an increase in the 
administrative "tail." We will prob- 
ably be obliged to seek means of 
Increasing fire-power and to And 
drastic methods of reducing the 
administrative load, which is already 
great. As it is now possible to 
destroy completely the effectivenesp 
of a major unit in a matter of sec- 
onds, it becomes apparent that, in 
siting units on the ground, it will be 
necessary to think in terms of more 
than three units as the tactical 
group, and to site them in sets of 
more than three. It is clear that it 
is not possible to arrange a group 

of three positions in such a way 
that. when any one is removed, the 
other two may present a balanced 
organization. In order to achieve 
this result, at least four and pre- 
ferably more should be grouped. As 
grouping means co-ordination of 
mutual defence, including the A r e  
plan, the group should be under a 
single command. 

Now there is a limit to the nun-  
ber of subordinate units which a 
headquarters can command, control 
and administer. An optimum num- 
ber of units should therefore be 
determined, greater than three, but 
not too numerous to be manageable 
Whatever the formation next above 
the battalion should be it is sug- 
gested that it ought to contain not 
less than five battalions, so that 
balance can be maintained despite 
the loss of one or possibly two com- 
plete unts. 

The Counter-Mack Force 

It is normal for a commander to 
have at his disposal a mobile force 
which may be launched in a delibe. 
rate counter-attack w h e n  t h e  
momentum of the enemy's attack 
has been lost. It is an advantage to 
have this force reasonably concen-
trated and, of course, usually above 
ground. Such a force would make 
an attractive atomic target, so that 
it will be necessary to keep it either 
protected by overhead cover or dis-
persed. Dispersion would appear to 
be the more feasible alternative, so 
that the problem then is to achieve 
the desired degree of dispersion up 
to the time of launching the coun- 
ter-attack and then to concentrate 
rapidly just before the delivery of 
the attack. This will call for very 
careful co-ordination and rehearsal. 
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a high degree of control and leader- 
ship at 'all levels and an efficient 
c&nmunicatmn system.' 

Tha Optimum She of A-Weapons 

If we set aside for the present 
the possibility of the use of mega- 
ton class weapons, it would appear 
that the best size of A-weapon to 
use in  the field would be one which. 
delivered with a given degree of 
accuracy, could cover one major unit 
in a well-prepared position with it? 
zone of total destruction. If it were 
larger than this, but not sufficiently 
large to cover two units, the addi. 
tional energy would be wasted. 
Within this maximum limit, an 
optimum size will be found such 
that the greatest tactical effective- 
ness may be achieved from the use 
of limited resources of fissionable 
material and of the means of deli- 
vering the weapons in the field. An 
approximate estimate of this value 
indicates that the most effective 
practical size is about 5 to 10 kilo 
tons, i.e., a quarter to half the size 
of a nominal bomb. 

If thermo-nuclear weapons were 
available a t  a total cost of produc- 
tion and delivery of not more than 
a few times that of a flssion bomb, 
it would be an economical proposi. 
tion to use them in the field. because 
the thermo-nuclear vulnerability 
pattern would probably be worse 
against prepared positions than the 
one for fission weapons used against 
troops in the open. 

Th. Artillery Problem 

As I see it, the artillery problem 
is made worse than ever. Already. 
we are likely to be outnumbered 
and outranged by enemy artillery. 

In order to fulfil our task of pro-
viding shells on the ground where 
and when they are required and the 
complementary task of preventing 
the enemy from doing the same to 
us, we are compelled to push guns 
further forward and closer together 
than they ought to be. 

We will probably still have to 
accept the loss of one major unit 
with each atomic weapon directed 
at it, as in most situations there are 
simply not enough battery position? 
to site our artillery by batteries so 
arranged that no single explosion 
will take out more than one battery. 
In any case, with the limited range 
of our present equipment, our guns 
would be out of range, and unable to 
carry out the CB requirement, quite 
apart from the certain disability 
of being unable to provide the depth 
and density of covering fire where 
it is required. The medium and 
heavy guns will therefore have to 
be put further forward than WQ 
would like them. 

I do not expect to find the need 
for drastic reorganization of the 
artillery. We may find it an advan. 
tage to have slightly smaller regi- 
ments and more of them, but the 
problem of limited range and diffi- 
culty of finding enough gumposi- 
tions puts a severe restriction on 
changes in artillery organization 
and employment. 

The use of the super heavy 
(atomic) guns is a problem in itself. 
If we look at  the converse of OUT 
defensive problem we will see some 
of the leading considerations. The 
time factor in atomic support will be 
vital because, in the defence, our 
most profitable targets are likely to 
be the opportunity targets, when the 
attacker is caught concentrated in 
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the open. A glance at  the first dia- 
gram will suggest the type of posi- 
tion into which we hope to force the 
enemy. 

We do not’ know at  present the 
technical considerations which will 
limit the time factor. I gather that 
it may take from 15 minutes to two 
hours from the appearance of a 
target to the delivery of a half 
nominal (10 KT) shell over it. I t  
should not be more, and certainly 
less if we can make it. Control for 
the launching of A-weapons on 
opportunity targets will, therefore, 
need to be so delegated that the 
commander who is best situated to 
determine the most effective targets 
should be able to call for the timely 
delivery of atomic weapons on them 

Protection of the means of launch. 
ing atomic missiles (guided missile 
platforms or S Hy (A) guns) will 
be one of the most important local 
defence problems. Such an attractive 
prize makes it appear to be one of 
the m o s t  vulnerable VPs. The 
weapons themselves are not able to 
contribute to their own local protec- 
tion. Concealment alone will be 
difficult, but alternative and dummy 
positions will help. Ground protec- 
tion should be provided against air- 
borne attacks. The AA defence of 
these locations will probably be one 
of the highest priority AA tasks 
These positions will be few in num- 
ber, but I suggest that they should 
ideally be provided on a scale of 
about 100 per cent. in excess of the 
number required to ensure atomir 
support when it is needed. 

The Selection of A-Targets by !he 
Defender 

The-advantage of the defender is 
that, while he is likely to be well 

stage be exposed and, to a certain 
protected, the attacker must a t  some 
degree, concentrated, just how long 
he may remain concentrated prepa- 
ratory to an attack will depend 
upon the speed and accuracy with 
which an atomic weapon can be 
delivered after a target is observed 
How to achieve the degree of con- 
centration required to ensure suc-
cess by ground forces against a 
defensive position without present- 
ing an atomic target is a subject for 
study in itself. 

A suggested list of priority A.’ 
targets from the defender’s point of 
view might be: 

(a) “Atomic CB” if it is possible to 
use A-weapons to knock out 
those of the enemy, always pro. 
vided that we h a ’ v e  atomic 
superiority. 

(b) Opportunity targets including 
enemy concentration a r e  as. 
where concentrations of troops 
in sufficient density are de-
tected, for example at  bridge-
heads or physical feature!: 
where he may be forced to con- 
centrate temporarily. 

(c) CB fire against his gun areas 
which are beyond the range of 
our own heavy guns. 

(d) Covering an obstacle. - A-
weapons should be particularly. 
effective when the attacker js 
astride an obstacle -provided 
that our own FDLs are not too 
close to it. (This raises a ques- 
tion of how to locate our FDL= 
in relation to an obstacle.) 

(e) Enemy headquarters. if accu-
rately located. 

(f) Targets located in his adminis-
trative area. . ~ . 

Although our gun areas are pos-
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sibly one of our most vulnerable 
spots, this does not apply in the same 
degree to the enemy. This is prin-
cipally so because. with his supr ior  
range, he can stand further back, 
as he probably will, to be Out-
side the range of our CB Are. In 
addition, the greater range of his 
guns permits a higher degree of 
dispersion and, as he is believed to 
give less attention to  CB than we 
do, he is less constrained to deploy 
his artillery forward. 

Oburrafion and Infelligenca 
The need for good observation of 

the enemy’s position is paramount. 
With the imminence of very long 
range and accurate weapons in the 
fleld, the early detection of atomic- 
ally attractive targets a n d  the 
prompt delivery of a missile on them 
is vital. This range eould be as great 
as 50 miles for a ground-launched 
weapon. Conversely, iY is equally 
important to deny to the enemy ob- 
servation of temporary concentra-
tions or appearance of vulnerable 
points in our own area. Conceal-
ment and deception will be more 
imporlant than ever. 

Th.Role of Atomic Advisers 
There would appear to be a vital 

necessity to study the atomic impli- 
cations of every proposed tactical 
move. The problems will include: 
(a) An assessment of the vulner-

ability of each part of our fleld 
force at any stage of the battle, 
and steps which may be taken 
to reduce this vulnerability. 

(b) The choice of atomic targets and 
the allocation of priorities. 

(e) The most efficient use of limited 
resources to gain the greatest 
effect from the atomic Are plan. 

(d) The detection, marking a n d  
assessment of any radioactive 
areas. 

(e) Casualty forecasts and provision 
of advice on special arrange-
ments necessary for evacuation 
of casualties and provision of 
reinforcements. 

There needs to be provision on 
each formation headquarters of a 
properly trained scientific staff. 
Whether this staff is to be a small 
central group to advise on all impli- 
cations of the atomic problem or 
whether there should be a scientific 
officer in each of the existing 
branches of the staff to advise the 
staR on atomic aspects of their spe-
cjflc problems is a debatable matter. 
As there are unique problems con-
fronting each branch of the stafi as 
well as each Ann and Service, I be-
lieve that the most effective method 
of providing this service is to have 
a small group-probably one or 
two at Division with slightly larger 
‘&roups at higher formatiom - to 
advise the Commander and his staff 
on all aspects of the atomic prob- 
lem. Such a group would not only 
maintain a close scrutiny of the 
possible effect of A-weapons on the 
current position, on which t h e y  
would work in close co-operation 
with the Operations SM.but they 
would act as an information centre 
on every aspect of atomic problems. 

Carnounage 
. - _ . -

It will be at least as important in 
the atomic as in the conventional 
battle to practise camouflage and 
deception. It will be particularly 
important if well prepared positions 
are possible, especially If enemy 
weapons are liable to be aimed with 
a high degree of accuracy, as in this 

I 



65 EFFECTS ON MILITARY OPERATIONS 

case it wuld make the difference 
between the effects of aimed and 
random Are, with the benefits to the 
defender which are illustrated by a 
study of Figure 3. 

Raining and Morale 
There is likely to be a consider- 

ably increased necessity for greater 
mobility and greater speed of move. 
ment, in concentration and disper- 
sion, with a consequent need for a 
high standard of control and effi-
cient leadership at  all levels of a 
command. The rapid reorganization 
of a unit after an atomic explosion 
may make the difference between 
an effective resistance and a 
debacle. 

There are two important new fac- 
tors which are introduced by the 
presence of atomic weapons. 

Firstly, there will very likely be 
large numbers of delayed casualties 
among troops protected by armour 
or overhead cover from the effects of 
heat and blast. They may be com- 
paratively unaffected, apart from the 
effects of shock, for some time after 
the explosion, but may be aware Of 
the fact that they will in time be- 
come casualties from the effects of 
radiation. Just what the effect of 
this condition will have on the men 
themselves and On those nearby 
who may have escaped a dangerous 
dose of radiation is difficult to pre- 
diet. There appears to be a moral 
issue involved in that, if immediate 
evacuation will enhance a man's 
chances of survival, he should not 
he require to fight on, Conversely, 
the moral fibre of those who have 
not had a dangerous dose, but think 
they have, will be severely tested. 
This new prospect demands a high 
standard of training and morale. 

Secondly, there is the practical 

certainty that, virtually instanta-
neously, large numbers of men in a 
unit will become casualties while 
the remainder are almost unaffected. 
The level of incidence of casualties 
which a unit can suffer and still re-
main an effective force will also 
depend critically on the quality, 
including morale and leadership, of 
the men in that unit. 

For a time, too, there will be a 
natural fear of the unknown, when 
nobody will know where or when an 
atomic explosion might occur, nor 
what to expect when it does occur. 
The development of passive defence 
measures, including an efficient 
warning system and experience in 
combat, will go a long way to 
solving this problem. 

Conclusion 

In the absence of experience in 
atomic combat, most of our prepara-
tion has to be based on predictions 
and on theoretical estimates. 

The size numbers Of weapons 
employed will have critical effect~ 

on the organization and employment 
of a field force, As the introduction 

fission veapons even in limited 
numbers will have a considerable 
effect on military there 
appears to be a prima facie case for 
a review the and 
employment of a force to 
the optimum solution which will be 
most effective in both the 
and the 

The best use of cover, conceal-
merit and deception in a defensive 
situation is vital; in other phases of 
War, dispersion Will be of the first 
importance. 

The introduction of a t o m i c  
weapons brings with it a fresh set of 
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problems to determine the best 
methods of their control and em-
ployment. I t  is essential that the 
atomic aspect of all tactical prob- 
lems should be examined and 
atomic advisers should be available 
a t  each formation. 

There is an even greater need for 
a high standard of command, con- 
trol, leadership and morale at all 
levels of command. 

Experience cannot be accumulated 

gradually as has been possible in 
the past; it will be imperative to 
examine tactical doctrine for all 
phases of war to find the best means 
of turning the advent of atomic 
weapons of all types to our own 
advantage. This appears to be the 
most important contribution which 
research can make at  the present 
time, because upon the atomic factor 
alone could well depend our very 
survival in a future major conflict 

The skilful employmeni and accuraie application of superior 
nuclear f ie  power in combinaiion wiih ihe operations of 
.$reamlined land forces can be a decisive factor in ihe landlair 
battle. The problem will be. how io force ihe enemy io con-
cenirate his forces sufficienily to offer a worih-while nuclear 
target, wiihoui exposing our own forces io destruction by ihe 
enemy's nuclear aiiack. 
In our forward ihinking we musi pui ihe emphasis on orga-

nization, on tactical concepiiona, and on ihe weapons and 
equipmen! ihai are necessary io enable US io fighi in ihe way 
we wani. 

All our fuiure depends on getting ihe righi answers io ihe 
problems we non have io face. 

-Field-Marshal Montgomery. 
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Introduction 

T H E  purpose of this article is to show how the basic data on 
the physical effects of nuclear weapons may he used to clarify many of 
the new situations that will result from their employment in the field. To 
do this a number of typical (though hypothetical) tactical situations have 
been taken and the effects of an atomic explosion in each context have 
been calculated. Whilst it is not the intention of the authors to draw 
tactical deductions it is hoped that the results of these calculations will 
provide a framework in which the tactician can move systematically in 
his study of the impact of atomic weapons on tactics. 

The basic data on which the calculations depend are taken from ‘The 
Effects of Atomic Weapons,” 1950, by Glastone and others, and a sufficient 
summary of these data is given in “The Physical Effects of Atomic 

b Weapons.” 

It is somewhat surprising that a weapon so revolutionary as the atomic 
bomb should provide scope for the application of simple quantitative 
methods in the study of its impact on tactics. Deeper consideration shows, 
however, that this is not so astonishing as one might at first suppose, for 
the very magnitude of the effect of an atomic explosion smooths out or 
eliminates many of indefinable variables that would otherwise need to be 
considered. In addition, the heat flash and nuclear radiation are the main 
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lethal agents in tactical situations, and the effect of these may be deter-
mined by the application of comparatively simple geometry. 

In the examples which follow it will be noted that no account has been 
taken of the errors that will occur in the delivery of the bomb. This 
has been done in order that the particularly “atomic” aspect of the calcu- 
lations may be emphasized. Aiming and delivery errors are well under- 
stood, and the problem of superimposing their effects on the results given 
below is left to the reader. It is also pointed out that little, if any, precise 
information is at  present available on the actual magnitude of such errors 
for atomic weapons, and this is a further reason for not including them 
in the discussion. 

Criieria for ABBessment of Tactical Effects 
The tactical significance of an atomic explosion depends on a variety 

of factors, such as resulting casualties, damage to equipment, effect on 
morale, radioactive contamination, and so on. In tactical situations the 
damage to equipment is of secondary importance. The morale effect may 
be very great indeed, but at this stage insufficient is known to make use 
of it for quantitative assessment. On the other hand, casualties resulting 
from an atomic explosion may be determined with considerable facility 
and precision, and so may be used as the basis for establishing the fol- 
lowing criteria for assessing tactical effects, i.e.: 

(a) The Limit of Effect-the radius of a circle, with centre at ground 
zero, and outside which the casualties from the explosion are 
negligible; 

(b) The Radius of Neutralization-the radius of the circle, centre a t  GZ, 
inside which the proportion of casualties will be something in excess 
of 50%. 

The application of these criteria permits ready computation of the vul- 
nerability of various distributions of units and formations and also shows 
in the clear light the possible juxtapositions of our own and enemy troops. 

It is well known that the lethal effects of an atomic explosion are four- 
fold, viz:- 

(a) Blast. 
(b) Thermal radiation. 
(e) Nuclear radiations. 
(d) Residual radiations.. 

The flrst three produce instantaneous tactical consequences, whilst the 
last mentioned places limitations on the use that may be made of the 
area in the vicinity of the explosion lor some time afterwards. 

The way in which the tactical criteria given above may be deflned in 
t e r n  of the physical effects is shown in Tables I and 11. 

Table I deals with the instantaneous effects. The limit of effect is 
determined by values of blast pressure, heat intensity and gamma radia- 
tion dosage which may safely be assumed to cause no casualties of any 
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Effect Limit of Effect Neutralization . 
Blast . . . . . . . . . . .  1.5 Ib./sq. in. 10 Ih./sq. in. 

Heat . . . . . . . . . . . .  2 cals/sq. em. 5 cals/sq. cm. 

Nuclear Rad. . . . . . .  75 Roentgens 500 Roentgens 

consequence. The values which define the radius of neutralization are 
such as to cause approximately 50% casualties on the circle of neutraliza- 
tion. 

There is some interaction between the three effects and, close to Ground 
Zero, one would be killed thrice. However, at  the edge of the neutraliza- 
tion zone, and more Particularly a t  the limit of effect, one or other of the 
lethal effects takes precedence as indicated below- 

(a) Troops in the open-Heat flash. 
(b) Troops in slit trenches-Gamma radiation and some heat flash. 
(e) Troops in AFV’s-Gamms radiation and some blast. 
(d) Troops dug in with overhead cover-Gamma radiation. 
(e) Troops in camp buildings, workshops and soft-skinned vehicles-

Blast and some heat flash and some gamma radiation. 
The radioactive contamination that occun after the initial effects of 

the explosion is only of tactical significance when the bomb is detonated 
so close to the ground that the fire-ball itself touches the ground. For a 
nominal bomb this means the height of explosion must be less than 400 ft. 
Bombs bursting higher than this may be regarded as “air-burst,” and 
tactical operations may proceed in the vicinity of the burst within a few 
minutes of the explosion. It should be noted that there will be radio-
active fall-out from an airburst, and it will result in many administrative 
problems. but this must not be confused wjth the intense induced activity 
that occurs when the bomb is burst on the ground. Table I1 gives some 

Radiation R a e  in Vicinity of Ground Bunt 
Nominal Bomb 

Distance from Ground Radiation Rate a t  I hour after Burst 
Zero (yds.) Roentgens/hour 

0 io00 
100 5000 
200 600 
300 150 
400 30 
500 IO 
750 5 

1000 

Ti I1 
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NEUTRALIZATION CIRCLE LIMIT OF EFFECTS CIRCLE 
BLAST IOLBS /SQ.IN. BLAST 1.5 LBS /SQ.IN. 
HEAT 5 CAL3 /SQ.CM. HEAT z CALS/SQ.CM. 
RAD. 500 ROENTGENS RAD. 75 ROENTGENS 

FIG. 1. RADII OF EFFECTS 

\ 
Of BURST 



CALCULATIONS FOR TACTICIANS 71 

idea of the rate a t  which this radioactivity is being produced at  various 
distances from GZ one hour after the explosion. These data will permit 
calculations to be made to ascertain how long troops may remain in an 
area so affected. 

Examplea 

I The'manner in which the criteria set out above may be applied to mili- 
tary situations will be illustrated in the following examples:- 

Example l-l'roops in M Auembly Area 
The enemy is moving troops into an assembly area in the G a l b u r n  

Valley. The Meteororogical forecast indicates that at first light the visi- 
bility will be clear, but an hour h t m  when the sun comes up it will im- 
prove to exceptionally clear. The commander wishes to know the limit 
of effect and the radius of the nerrlralization zone for both atmospheric 
conditions for a nominal bomb burst a t  2100 ft. 
As the troops are moving into an assembly area they will presumably 

be in the open. The lethal effect of the bomb is determined by the heat 
flash. 

At flrst light when atmospheric conditibns are clear reference to Fig. 3 
(Physical Effects, Page 33) shows that distance R from explosion for 

(a)  Limit of effect (2  cals/sq. cm.) i s 
R = 3300 yds. 

and distance from GZ i s-
r == \/R'--H' 

= v'(3300'-700? 3250 yds. 
(ref. Fig. I ) .  

(b) Radius of neutralization zone is given by the distance at which the 
heat flash intensity is 5 cals/sq. em. 
i.e., R = 2400 yds. 
and r = 2200 yds. 

When the sun rises and visibility becomes exceptionally clear, reference 
to appropriate curve in Fig. 3 (Physical Effects, page 33) gives, for-

(a)  Limit of effect-
R = 4300 yds. and 
r = 4250 yds. 

(b) Radius of zone of neutralization- 

b R = 3000 yds. 
r = 2900 yds. 

It is clear from the above results that atmospheric conditions will be 
of prime importance in assessing vulnerability of troops in the open. In 
this case the distances of effectiveness are increased by nearly 30% and 
the consequent lethal area will be about 70% greater. 

Example 2. An Armoured Problem 
A nominal b a b  is burst a t  a height of 700 yds. What is the diameter 
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of the circle within which armoured troops in CnuUribn tanks would be 
neutralized? The weather conditions are showeqj. 

What would be the blast pressure and the heat intmity at the edge of 
this zone? What physical damage is likely to be suffered by the tanks? 

In  this case the lethal effect is determined by the gamma radiation. The 
Centurion tank will provide a considerable amount of shielding for the 
crew. Depending on the aspect of the tank, there may be up to two feet 
of iron and steel protecting some crew members. However, on the average 
one could expect not more than about 3" to 4" of gamma ray shielding. 
The half-thickness of steel is la", so the shielding will be equivalent to 
2 half-thicknesses, i.e., the gamma intensity will be reduced by one-
quarter. 

Assuming 500 roentgens for neutralization, the radiation outride the 
tank will need to be 2000 roentgens. 

This occurs at a range from the burst of 1050 yds. ref. Fig. 6. and the 
range from GZ is-

r = 780 yds. 
The diameter of the circle of neutralization is 1560 yds. 
At 780 yds. from GZ the blast pressure and heat intensity are-
Blast-I5 Ib./sq. in., ref. Fig. 2 (Physical Effects. page 32). 
Heat-IO cals/sq. cm.,ref. Fig. 3 (Physical Effects, page 33). 
Physical damage to the tank will result mainly from the blast pressure. 

External attachments such as boxes, grenades, dischargers, etc., would be 
torn off. The BSA gun would be damaged. The turret and main m a -
ment may be jammed. The tank itself would in all probability be moved 
bodily, and tanks showing a side aspect to GZ may be turned over. 

The heat flash would ignite anything combustible on the outside of the 
tank, including tyres of bogey wheels if they faced towards GZ. The 
blast wave would extinguish such flames. and the net result would be 
some superflcial charring of combustible materials that are too strongly 
anchored to be ripped away by the blast. 

The nuclear radiations at this distance would cause the glass in peri-
scopes to be rendered opaque. 

'Example 3 (a) and (b). Attack with Nuclear Supporf 

(a) .A communder is preparing to attack a battalion position. He pro- 
poses to use a nominal bomb on the enemy prior to moving in. The 
enemy is well dug-in, with, say, 18" of overhead cover. How high 
must the bomb be detonnted to neutralize the ewmy.position and 
how close to the enemy can the attacking troops assemble if-
(i) They have adequate protection from heat flash: 
(ii)No flash protection is possible? 

What will be the natye of the flash protection th%( require? 
Assume the enemy battalion is occurming a 1000-yd. front. The 

visibility is clear. 
The enemy is only vulnerable to the gamma-effect. If the tmops 
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have 18" overhead cover and some protection from the sides of the 
field works. it is reasonable to assume that they are protected by 
3 half-thickness. 

Neutralization would therefore require 2' x 500 = 8 x 500. . = 4000 Roentgens at ground level. 
This intensity will be obtained at a distance from the explosion 
given hy 

R = 850 yds., Fig. 6 (Physical Effects, page 40). 
To neutralize the enemy on a front of length L will require a 

height of burst given by 
H = \/R'-L'/4 (ref. Fig. 2). 

.'. H = d850' - 50W = 680 yds. 
For a burst at  this height the safe distance of attacking troops can 
be calculated- 

( i )  With blast protection they will be vulnerable only to the gamma 
radiation. Limit of effect dose is 75 Roentgens.

:. Distance from burst = 1800 yds. 
and distance from GZ = 1650 yds. 

(ii) With no heat flash protection, the troops will need to be at  a 
distance such that the heat flash intensity has fallen to 2 cals/ 
sq. cm. 

If we assume clear atmospheric conditions, the distance from the 
burst is 

R 3300 yds.5 


and r = 3200 yds. 
To determine the nature of the flash protection equipment, the 

angle of incidence of the heat flash and the blast pressure must be 
calculated at  1800 yds. from the burst. 

Angle of incidence, 0, is given by 

sin 0 = -680 
1800 

and @ = 22' (approx.). 
The blast pressure is 6-7 Ib./sq. in. 
ref. Fig. 2 (Physical Effects, page 32). 

With this pressure light, above ground protection would not be 
adequate. Troops would require to be in slit trenches or behind 
banks or mounds about 18" high. 

(b) As a result of the conclusions reached in Example 3.(a)  the coni- 
mander decided that heat flash protection would not be possible. 
and the minimum start line distance of 3200 yds. which would be 
necessary without adequate flash protection would be too greaf. 
Could the enemy position be neutralized by one or two t N bombs. 
and if so at  what distance could the attacking troops assemble. 
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Consider ikst the  possibility of using one 4 N Bomb. To neu-
tralize enemy requires as before 4000 Roentgens at the ground. To 
find range at which this radiation dose is obtained with t N Bomb 
it is necessary to apply scaling laws to Fig. G (Physical Effects,page 
40). This is done by dividing the required dosage by the energy 
release ratio and reading the range appropriate to this “apparent” 
dosage. 

In this case energy release ratio is 0.25 (i.e., f Nominal Bomb). 
4,000 

:. Apparent dosage = -= 16,000 R. 
0.25 

Reference to Fig. 6 (page 40) gives range as- 
R = 500 yds. 

For this lethal range to cover a frontage of 1000 yds. would there- 
fore necessitate the bomb being detonated on the ground. As the 
attack on the enemy position is io follow the atomic attack, a ground 
burst is not acceptable. 

Two + N Bombs will therefore be required. The lethal range is 
still 500 yds. for each bomb. If an overlap of 200 yds. is allowed, 
then each bomb will require to cover GOO yds. front, so height of 
burst will be given by -n = ,,m - r: 

= V500’ - 300’ 
= 400 yds. 

Using this height. the safe distance of assembly of the attacking 
force without flash protection may be calculated. Two bombs are 
being dropped over the enemy position, and assuming they are deto- 
nated simultaneously, the permissible heat flash intensity will need 
to drop to 1 cal/sq. cm. for each bomb. 

The scaling of heat flash is effected in the same way as for gamma 
radiation. The “apparent” heat flash is thus 

1 
-= 4 cals./sq. cm. . 

2 5  

This gives a range of Fig. 3 (clear curve) (page 33) is 2400 yds. 
The around range is thus 

r = d2400’- 400’ 
= 2350 yds. 

It will thus be seen that by employing two f N Bombs the enemy 
position can be neutralized and the attacking troops can form up 
for attack at 2350 yds. from the centre of the enemy position. Thk 
is approximately half a mile closer than would have been possible 
if one N Bomb had been used. 

Example 4. A Defence Problem 
An enemy is  attacking on a 300-yd. front. The commander of the de- 
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fensive pos i t ia  is prepared to attack the enemy with a Nominal Bomb. 
How close can he allow the enemy to npprmch and still deliuer his atinck 
without causing h a m  to his own hoops? Visibility is exceptiunally clear. 

Neutralization of the enemy in the open can be effected by exposing him 
to a heat flash intensity of 5 calshq. cm. 

Range is thus given Fig. 3 (Physical Effects, page 33) by using the 
exceptionally clear curve, i.e., R = 3000 yds. 

To neutralise the 3000 yds. front would require the bomh to he burst 
a t  a height given by 

n a=-* 
= d3000’ - 1500’ 
= 2600 yds. 

For a bomb burst at this height the gamma radiation reaching the 
ground directly below the burst would be ref. Fig. 6 (Physical Effects, 
page 401, 7 Roentgens. 

Provided the defending troops had adequate heat protection, the enemy 
could advance until contact is made (or even further), and still be at- 
tacked by the defending forces’ A-weapon. 

Discuarion 

The principal object of this article, as indicated at  the start, has been 
to show how the basic data on the physical effects of atomic explosions 
may be applied to the military scene. To do this it has been necessary to 
work from first principles. As time goes on, more and more of the basic 
data for tactical application will be available in “ready made” form. Even 
so, it is worth stressing that much value is to be derived from working 
from fist principles, for it is only by so doing that the relative importance 
of the many new factors entering into atomic warfare may be fully as-
sessed. In addition, it is clear that the scale of an atomic explosion is so 
great compared with that of conventional weapons that it may be neces- 
sary to make an independent assessment of most of the situations in 
which they will be employed. If this be the case, a blind recourse to rule 
of thumb formulae would be dangerous. 

Although the examples given above are mainly illustrative, the results 
obtained show up  a number of important points. Perhaps the most im- 
portant is that even weapons of the nominal and one-quarter nominal 
ratings may be effectively employed in a close support role. Smaller 
weapons than these ore envisaged, and it is clear that a full understanding 
of their use will be required by commanders down to battalion or com-
pany levels. 

The examples also illustrate that the dependem- of the &ect of an 
atomic explosion on the height of burst permits a considerable flexibility 
in their employment. Appropriate choice of height can ensure that target 
systems which are immune from blast and heat (say) will be n e u h d i d  
by the gamma-radiation. Conversely, heat and blast may be employed 
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to inRict casualties whilst the radiation intensity can be maintained at any 
predetermined level. In addition to the immediate effects, the ability of 
a nuclear wearmn to contaminate ground provides even more scope for 
its tactical exploitation. 

Finally, an aspect that will require careful study by the tactician stems 
from the fact that neutralization which results from the gamma effect is1 in fact a “delayed” neutralization. Reference to Table 4 (Physical Effects) 
shows the nature of this. For the median lethal dose (500 Roentgens)
there may be no incapacity to troops for the first four hours. After that 
casualties will become apparent until at 24 hours nearly all men exposed 
to this dose will be incapacitated. Conventional weapons have the re-
verse effect. Maximum casualties occur during a barrage or concentra-
tion, but few, if any, occur after it has ceased. Morale is at its loWest 
during the height of such an attack, but builds up again afterwards. In 
the case of en atomic attack it seems likely that morale would deteriorate 
and reach its peak at the end of the first or second day. From these facts 
many practical problems will arise in mounting an attack supported by 
atomic weapons. 

If is clear to me fhaf the nexf world war on land will be 
very differenf from the lasf one: we shall have io fighf if in 
a differenf way. In particular. we musf ensure fhaf our scien-
fific and engineering development is applied in fhe righf way. 
We must nof use if io develop existing weapons to be more 
efficienf for use in condifions which have passed and will nof 
recur. 

-Field-Marshal Montgomery. 
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1. Introduction 5. RADIATION injuriea 
(a) Types of radiation: 

P RTI (i) Particulate. 
Cauaation of Aiomic Injuries (ii) Non-particulate. 

(b) The production of radiation 
2. Injuries due to !he BLAST injuries: 

(i) Immediate.3. Injuriea due to !he LIGHT (ii) Delayed. FLASH (c) Types of injury. 
4. Injuriea due to the HEAT FLASH 6. Referbnces 

"Without an equal growth of Mercy. Pity, Peace and Lore, 
Science herself may destroy all !hat makea human life 
majestic and folerahle." 

-Sir Winston Churchill. 

I -Introduction mercial enterprises, while outside 
On August 6, 1945, soon after 8 the centre lay a densely packed 

a.m., an American Superfortress zone of small wooden workshops 
bomber released an atomic bomb and lightly . constructed wooden 
over the centre of the Japanese city dwellings. The destruction was due 
of Hiroshima. More than four partly to blast and partly to fire, 
square miles of the city were de- which took firm hold of the city 
stroyed. The city centre was domi- about an hour after the attack and 
nated by a number of reinforced burned unchecked for days.' 
concrete buildings owned by banks, 1. Medical Aspects of Atomic Welfare 
department stores, and other com- 1918. War Office Omcial Publfeation: 

London. 
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And so the first atomic bomb was 
used in war. Earlier in 1945 the 
prototype weapon was detonated at 
Los Alamos, New Mexico. and since 
that time some 6fty atomic explo- 
sions have taken place in various 
parts of the world. However, there 1 'is very little unclassified informa- 
tion about any except the first five: 

(a) Los Alamos. The bomb was 
exploded on a tower 100 feet 
high (ground burst). 

(b)  Japan. Two bombs were ex- 
ploded, both at 2000 feet (air 
burst). 

(c) Bikini. Two bombs were ex- 
ploded, one an air burst, the 
other at a great depth in a 
tropical lagoon (under water 
burst). 

Now, about 10 years and forty 
bombs later, we still have to rely 
on the knowledge gleaned from 
these five explosions to plan for ?he 
future. Because our information 
comes mainly from such antiquated 
sources these two articles on the 
medical aspects of the Atomic 

weapon will to some extent be ob- 
solete. However, the principles are 
unchanged. Doubtless the efficiency 
of atomic weapons has greatly in- 
creased since 1945, and the estimates 
of the destructive power of the 
hydrogen bomb in particular are too 
well known to need recapitulation. 
However, it is doubtful whether the 
most powerful weapons would be 
used in any new war. Smaller. 
though locally more highly destruc- 
tive, atomic weapons have recently 
been developed, such as guided mis- 
siles and projectiles that can be 
Rred from an 11-inch gun. 

It is necessary for clear thinking 
to have definite beliefs, but it is 
equally important for us to change 
them if necessary. These articles 
are therefore designed to bring be- 
fore all officers the current beliefs 
on the medical aspects of Fladiologi-
cal warfare. 

Part I of this paper will deal with 
the causation of atomic injuries and 
Part I1 will cover the management 
of these cases in time of war. 

Pari I 
The Causaiion of Alomic Injuries 

The injuries sustained by the 
human body following an atomic 
explosion are due to the sudden re- 
lease of a great quantity of energy. 
This energy is released in two main 
forms: 

1. Mechanical energy, causing 
direct damage to the body by 
blast and falling debris. 

2. Radiant energy, the thermal 

Radiation sickness can be caused 
by instantaneous rays from the ball 
of fire or from lingering radio ac-
tivity following the explosion. 

injuries may therefore be classi- 
fied as follows: 

Blast injuries. 
Injuries due to light flash. 
Injuries due to heat flash. 
Radiation injury. 

radiations causing b u m  and Of course, many casualties will 
the ionizing radiations being receive a combination of these in- 
responsible for the radiation juries. Let us take the example of 
effects on various structures in an unprotected soldier who is lens 
the body. than 800 yards from ground zero. He 
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may be killed by flying timber, be 
burned to death or be killed by 
radiation. Since each of these in-
juries would be fatal, then which 
came first makes no difference. 

2 -Injuriea Due to the Blasi 
~n enormous pressure wave 

spreads radially from the explosion 
centre, causing direct injury by 
blast and indirect injury by hurling 
masonry and debris through the air. 
The original positive pressure wave 
is followed by a negative pressure 
wave much greater than in an ex-
plosion due to TNT-debris is 
hurled violently TOWARDS the ex- 
plosion centre, sa that a soldier who 
escapes injury during the original 
blast may well become a casualty 
a few seconds later during the sec-
ond phase. This second phase has 
been termed the "fire storm," for 
the winds set up contribute to the 
spread of secondary flres. 

The direct blast is well tolerated 
by the human body, which can 
withstand pressures greater than 
that required to knock down the 
strongest buildings. Ruptured ear- 
drums are the largest single injury 
occurring as a result of direct blast, 
and they occur infrequently. Al-
most universal damage will occur 
indirectly from flying debris. In 
neither case do the injuries differ 
in essence from those seen after a 
TNT explosion. 

3 -Injuriea Due lo the Light Flash 
flash is many times as 
the tropical sun, but 

lask for only a fraction of a sec-
ond. It is not surprising. therefore, 
that temporary blindness is caused 
when unprotected eyes are exposed 
to it. This temporary blindness 
lasts for about 5 minutes in day- 
light and up to 1 hour at night. Ex-

EFFECTS 

perience from the Japanese explo- 
sions has shown that recovery is 
complete, and no case of perma-
nent blindness has been recorded 
from this cause. 
4-1njurIes Due to the Heal Flash 

The heat flash accompanies the 
light fla.h and lasts for a few sec- 
onds. However, the highest inten- 
sity of heat is only present for a 
fraction of a second, and therefore 
causes only comparatively super-
ficial burns. The amount of heat 
absorbed is governed amongst other 
things by the colour of the object. 
The darker the object the greater 
the heat absorption and the more 
intense the effect. For example, at 
Hiroshima, where a casualty had 
been wearing a light dress with a 
darker pattern, the part of the skin 
behind the dark pattern was burned, 
while that behind the light material 
was spared (see Fig. 2). 

i
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Fig. 2. 
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Whole thickness burns in exposed 
skin occurred up to 1000 yards from 
ground zero in the Japanese inci- 
dents, and together with the burns 
from secondary fires they accounted 
for about half the casualties. 

It must be noted that only those 
casualties who are able to move 
themselves or can be speedily 
evacuated will escape the spread 
of these secondary fires. This is one 
reason given for the fact that among 
the Hiroshima survivors seen two 
months after the bombing only 4.5% 
had fractures. 

The general line of prevention 
against burns is therefore clear. 
Light-coloured protective clothes 
must cover as much of the body as 
possible. Loose-fitting garments are 
better than tight-fitting clothing be- 
cause of the air-insulation effect. 
Thus loose trousers are better than 
tight stockings. Wool is preferred 
to cotton, which may ignite, and 
nylon, which melts. 

5-Radiation Injury . 
This is the type of injury that 

principally concerns us in this dis- 
cussion. We are all continually ex- 
posed to background radiation,
which originates from the cosmic 
radiation of the sun and the radio- 
active materials in the soil and 
water. These radiations are of low 
intensity, and rarely is a dose of 
20r exceeded in a lifetime. 

Exposure to radiation now occurs 
commonly from artificial sources. 
When we have our chest X-rayed, 
invisible X-rays are sent through 
the body. Radioactive isotopes are 
used in many biological experiments 
to follow the fate of various ele-
ments in the body. Radium and its 
derivatives are used freely in the 
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treatment of cancer, a localised area 
of the body being exposed to a 
powerful radiation. 

These radiations cannot be de-
tected by any of the senses. For 
example, when an X-ray of a hand 
is taken, nothing can be felt, but 
millions of rays have penetrated the 
hand and are used to record a 
shadow on a radio sensitive film. 
Since the effects are not immedi-
ately apparent, special precautions 
must be taken to protect against 
these rays when their presence is 
known or suspected. 

At this stage it may be helpful 
to recapitulate the types of nuclear 
radiation which are emitted as a 
result of an atomic explosion. 

They are: 

(i) Particulate: 
(a) A l p h a  radiations -

Helium nuclei. 
(b) Beta radiations-elec-

trons. 
(c) Neutronsparticles + 

the weight of Helium. 
(ii) ~ ~ ~ - ~ ~ ~ 

(a) Gamma radiations -
electro-magnetic radia-
tions. 

The AlDha Ram 
These positively charged par-

ticles of matter travel at a very high 
speed, but have relatively low pene- 
tration. They are absorbed in less 
than 10 centimetres of air, and can 
be stopped by a thick sheet of paper, 
clothing or skin. As a result, there 
is no danger from this type of radi-
ation as a direct effect of the explo- 
sion. However, as a secondary 
effect of the explosion radioactive 
material may be deposited on the 
skin as a result of the “fall-out” or 

i 
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from the “base surge” in an under-
water explosion. and the alpha par- 
ticles may then cause serious skin 
burns. 

The Beta Rays 
These are negatively charged par-

ticles of matter (electrons), more 
penetrating in effect than the alpha 
rays, but still readily absorbed. 
They are  only dangerous to the 
body when deposited on the skin 
and as a secondary effect of the 
explosion. 

The Gamma Ray. 
The gamma rays are true electro-

magnetic radiations, and have tre- 
mendous penetrating power. High 
energy gamma rays can pass 
through concrete in the same man- 
ner as radio waves penetrate the 
walls of a building to operate a 
radio receiver. The gamma rays 
are weakened by passing through 
concrete and other solid materials. 
Penetration depends on the thick- 
ness of the shielding. The gamma 
radiations travel in straight lines 
from the e n t r e  of an atomic explo- 
sion, falling off in intensity in their 
course. Their range in air extends 
to several miles. Fatalities did oc-
cur in Japan from gamma radia- 
tions up to a distance of one mile. 
At dlstances greater than one mile 
the hazard rapidly decreases. The 
danger from direct radiation emit- 
ted from the explosion centre is 
over within a few seconds. 

The Neutro? 
Like the alpha and beta radia-

tions, neutrons are particles of mat- 
ter travelling through the air. Their 
damage is only considerable up to 
half a mile from the centre of the 
explosion. So that anyone exposed 
within this range would receive 
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such a high dose of gamma radia- 
tion as to prove fatal in any case. 
However. there are conditions when 
a person protected from gamma 
radiation may receive a fatal dose 
of neutrons. This is due to the fact 
that light substances are more effi-
cient in slowing down neutrons with 
consequent absorption, while with 
gamma radiations the heavier the 
material the greater the protection. 

The Production of Radiafion 
Injuriea 

Radiation injuries arise due to 
the whole body receiving a dose of 
radiation which interferes with the 
normal function of the cells of the 
body. When the whole body is 
radiated the relative sensitivity of 
the different body cells determine 
the character of the response. If 
the radiation is overwhelming, dam- 
age will occur to virtually all cells 
without regard to their individual 
sensitivities, and death will occur 
in a matter of hours, possibly days. 
Usually the dose is not immediately 
lethal, and there is an opportunity 
for the varied sensitivities of dif-
ferent body cells to become appar- 
ent as radiation sickness develops 
over days or weeks. 

We will now see how these radia- 
tion injuries can arise associated 
with an atomic explosion. 

(i) Immediate Radiation 
Firstly, exposure may occur with 

the instantaneous burst of radiation 
emitted from the explosion centre. 
The only hazard here is from 
gamma radiations and perhaps neu- 
trons, the gamma ray hazard being 
much more important. Fatal gamma 
ray exposure can occur at greater 
than one mile from ground zero, 
while the range of danger from 

I 
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neutrons would be half this dis-
tance. 
(ii) Delayd Radiation 

( a )  The flrst way that delayed 
exposure can occur is through “fall-
m‘t.’’ After an explosion radio-
active particles ascend to the 
stratosphere, where they remain 
until dispersed. They may be cv-
ried a long distance in clouds, and 
eventually fall as radioactive dust 
or rain. 

In March, 1954, a hydrogen bomb 
was exploded by the American 
authorities at Bikini Atoll. As a 
result of that explosion, “fall-out’’ 
occurred over a wide area. A Japan- 
ese fishing boat, the Fukuryu M a w ,  
was 14 miles outside the restricted 
area about 70 miles east north east 
of the site of explosion in the direc- 
tion of the wind, and it was heavily 
exposed to radioactive material 
from the “fall-out.” A gripping ac- 
count of this form of exposure to 
radiation was given by one of the 
flshermen involved in the mishap. 
The following account appeared in 
the American magazine “Life”:- 

“We saw flashes of light as bright 
as the sun rising to the sky. . . . 
The glow lasted several minutes and 
then faded, leaving a dull red like 
a piece of iron cooling in the air.” 
After two or three hours Captain 
Tsu Tsui noticed fine white dust or 
ash falling. He said that some fell 
“into my eye and it began to burn. 
Then ash got into my nostrils.” The 
ash was like talc. “Shortly after, 
I entered the engine room for my 
bath after the ash fell, I felt 
warmer than usual, almost as if I 
was glowing.” The wireless opera- 
tor described how that night “we 
were unable to eat our supper. We 
tried drinking some sake (rice 
w’ie). to improve our appetites, but 

our appetites were not improved 
and the sake did not make . u s  
drunk.” 

Other members of the crew be-
gan to complain of headaches and 
nausea and then began to itch. ‘The 
itch became almost unbearable. and 
began breaking out with huge ir-
regular blisters. They were ter-
ribly painful.” The subsequent his- 
tory of these men is not well known. 
However, one is known to have died 
following blood transfusions in 
Japan. 

In contrast with the short-lived 
primary radiation, radioactivity due 
to “fall-out” will persist for some 
time where the material has fallen. 
This constitutes a grave risk of con-
tamination of food and water, and 
also in the “fall-out” period radio- 
active dust may be deposited on 
unprotected skin, causing severe 
burning and constitutional upset. 

After a low air-burst, radioactive 
material may be drawn into the 
ground, which may remain radio-
active for some time. 

(b) The second method of pro-
duction of delayed radiation in-
juries is by the “base-surge” which 
follows an underwater burst. The 
minute droplets of water in the . 
base-surge contain radioactive ma-
terials, and may travel a consider-
able distance in clouds before fall- 
ing as radioactive rain. 

(c) Finally. radiation injuries 
may be produced as a secondary re-
sult of the neutron emission from 
the primary explosion. The neu- (
trons bombarding various materials 
may produce artificial radioactivity 
in such items as food, water and 
drugs or actually within the human 
body itself. This results in the af-
fected materials or cells emitting 
alpha, beta or gamma radiations. In 



MEDICAL 

addition, the great penetrating 
power of the neutron renders ordi- 
nary reinforced concrete buildings, 
such as shelters, almost usdess as 
protection against these particles. 

Types of Radiation Injury 
We have now seen how the vari- 

ous nuclear radiations can produce 
injury to the living body; it is there- 
fore opportune to briefly consider 
the types of radiation injury which 
could result from an atomic explo- 
sion. Injuries can occur from (1) 
external and (2 )  internal radiation. 

(1) Injuries from Exiernal Radiation 
The injuries may be local or gen-

eral. Local injuries may be pro- 
duced in every way similar to radi- 
ation burns produced by radium or 
X-rays. Serious superficial burns 
may result if the radiation is of suf-
ficient intensity. General external 
radiation injury occurs when the 
whole body is subjected to Pene-
trating radiations. The body’s re- 
action depends on the dose of radia- 
tion. In mild cases the clinical pic- 
ture is identical with that observed 
in radiation sickness, which is some- 
times seen when a cancer is treated 
with radiation. There is nausea 
with mild vomiting and diarrhoea. 
The more severe forms are charac- 
terised by severe prostration due 
to loss of body fluid from severe 
diarrhoea and vomiting, often ac-
companied by high fever and de- 
pression of the blood forming tis- 
sues. If the casualty survives the 
flrst few days, he may develop 
ulcers in the mouth, generalised 
blood poisoning, and bleeding may 
occur from the lining of his ali-
mentary canal. These general 
radiation effects may, of course, be 
seen in association with localised 
skin burns, but where a large area 

EFFECTS a1 

has been exposed to a sumciently 
high dose to produce burns, it is very 
probable that death will have oc-
curred before the full severity of 
the skin burn has become apparent. 

In illustration, the following facts 
are noted from the case history of 
a 26-year-old physicist, who was 
fatally injured as a result of a tem-
porarily uncontrolled nuclear re-
action at the Los Alamos Labora- 
tory. The radiation received was 
identical with that which occurs in 
an atomic explosion. Fortunately 
the reaction was stopped before the 
blast and heat flash had developed. 
The physicist had been touching the 
fissionable material when the re-
action took place. It was calculated 
that his right hand received a dose 
of 20,000 to 30,000 r. The body dose 
was of the order of 500 r. 

It was reported that after the ac- 
cident the patient vomited repeat- 
edly for three days. Then from the 
third to the sixth day be felt rea- 
sonably well. However. from the 
sixth day on he became gradually 
worse, the nausea, vomiting and 
diarrhoea returned, and on the 
tenth day ulcers began to form in 
his mouth. Death of tissue and 
severe infection affected the areas 
burnt on his hands and abdomen. 
Despite all treatment, death oc-
curred on the twenty-fourth day. 

(2) Injury from Radioactivity Wifhin 
ihe Body 

Radioactive particles may enter 
the body via the alimentary canal 
due to the ingestion of contami-
nated food or water, they may enter 
the lungs by contamination of the 
air, or they may enter through dam- 
aged skin. This contamination is a 
secondary effect of the explosion 
due to the “fall-out’’ of radioactive 
material from clouds or from the 
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base-surge. Direct burns may oc- Infernal Radiation 
cur in the delicate lining of the 
lungs and the alimentary canal by 
inspired or ingested radioactive par- 
ticles. Fortunately with reasonable 
precautions this hazard is not great. 
However, some radioactive material 
with a comparatively long half life, 
if absorbed into the body, can lodge 
in the bone and blood forming or- 
gans, causing serious or even fatal 
effects from its prolonged action on 
the tissues. The spleen and liver 
are particularly vulnerable to this 
type of damage. Cases of malignant 
tumours of bone due to the con-
sumption of radioactive materials 
have been recorded. 

The types of radiation injury can 
now be summarised. 

External Radiation 
(a) Immediate radiation from the . .  

explosion centre-effect due to 
gamma radiations and possibly neu- 
trons. 

(i) Burns to the skin and lining 
of the alimentary tract; lesser 
damage occurs to all other 
cells of the body, depending 
on their particular sensitivity 
to irradiation. 

(ii) Generalised constitut i 0 n a 1 
effects. 

(iii) Induced radioactivity in some 
body cells due to neutron 
bombardment. 

(b) Delayed Radiation - Radio-
active fall-out. 

(i) Skin burns occur due to 
alpha, beta and gamma radia- 
tions from the radioactive 
material of the fall-out. 

(ii) Generalised constitutional ef-
fects, particularly on the 
blood forming organs, can oc- 
cur, but are generally of a 
minor nature. 

(a) Instantaneous radiation-Nil. 
(b) Delayed Radiation. 
(i) Burns can occur to the intes- 

tinal tract due to ingestion 
and to the lining of the lungs 
due to inhalation. /

(ii) Generalised effects usually 
mild. 

(iii) Late effects can occur due to 
deposition of radioactive ma- 
terial in the bones and other 
tissues of the body. 

Local radlallon to the hand. causing burns
IS dam after exposure. 

Crmsklng of fhe lips and ulcers om the 
tongue 12 days a f t e r  a fatal dose of SOOI 

(a lefhal dose). 

Radiation and fhe Body Cell 
All the types of nuclear radiation 

outlined earlier are capable of pro-
ducing injuries to the cells of the 
body. The injuries produced are 
all very similar, notwithstanding 
the difference in nature of the radi- 
ations producing them and the dif- 
ferent cells affected. How does this 
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come about? Why are the biologi- 
cal effects of bombardment with 
alpha or beta particles similar to 
the effect of gamma radiation, which 
is an electro-magnetic vibration 
passing through the atmosphere? 

There are many theories on how 
the rays do the damage, but the 
facts are few. What matters to us 
is that the damage is done and that 
we must be prepared to detect and 
treat it. 

The common factor in the mode 
of absorption of all these radiations 
is that in the process of being ab- 
sorbed they cause a change in the 
electric equilibrium of the body 
cells. As a result of this action, the 
biological change is produced. If 
the change of equilibrium, or ioni-
sation as it is called, exceeds a cer- 
tain critical value the cells will die. 
Cells of different tissues succumb 
at different values. Actively re-
producing cells, such as those of the 
reproductive organs, the blood form- 
ing tissues and the skin are most 
sensitive. 

Effect on Reproduction 
It is beyond doubt that some dam- 

age is done to hereditary material 
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by radiations. Transient sterility i s  
produced in the male, but perma- 
nent sterility is NOT to be expected, 
because the sterilising dose is so 
close to the lethal dose in the male 
and considerably more in the fe- 
male. A whole body dose, sufficient 
to cause permanent sterility, will 
invariably lead to death before such 
sterility can be manifest. 

The casualties recovering from 
the Japanese incidents have now 
produced perfectly normal offspring 
-demonstrating no residual defect. 
There is some evidence that long- 
term genetic effects may be pro-
duced. However, this is an aspect 
that must be investigated carefully 
in the years to come. 

The psychological aspect of this 
reproductive consideration is of the 
utmost importance. If a soldier 
fears that he may be rendered 
sterile by exposure to radiation his 
morale will suffer. Men must there- 
fore be told the truth, and assured 
that any effect that does occur is 
of a temporary nature only, nnd 
that recovery will be rapid and 
complete. 

6 -References 
Defence Against Atom Bombs 

(Editorial), British Medical Journal, 
21 May, 1955, p. 1263. 

Hunter, C. G., and Wedd, G. D. 
The Atom Explosion, Character and 
Effects. Medicine Illustrated, 1954, 
Vol. 8, p. 754. 

Levitt, W. M. The Causation and 
Nature of Atomic Injuries. Medi-
cine Illustrated, 1954, Vol. 8, p. 761- 
778. 


Liebow, A. A., et al. American 
Journal of Pathology, 1949, Vol. 25, 
p. 853. 

Tullis, J. L. The Response of 
Tissues to Total Body Irradiation. 
American Journal of Pathology, 
1949, Vol. 25. 1). 829. 

Soldiers’ Manual for Defence 
Against CBR Attack. US..Army, 
April, 1953. 

The Physician in Atomic Defence. 
T. P. Sears, 1953. 

Anderson. Text-book of Path-
ology. Chap. 8, p. 166. Effects of 
Radiation. 

Florey. Lectures on General 
Pathology. Chap. IS and 16, p. 240, 
et seq. 



90 AUSTRALIAN ARMY JOURNAL 

PART 2 

MANAGEMENT OF CASUALTIES 

1. Introdudion-Total War. 
2. First Aid. 
3* Treatmcmt Of 

and shock. 

4. Treaimenf of buns. 
5. Radiation C a s u d i a .  

1 - Introduction - Total War 

The soldier's morale is based 
generally on accurate information 
and good training. Therefore, we 
must put into their hands our pre-
sent basic knowledge and train 
them in the special skills of atomic 
warfare. In Part I we described the 
causation of atomic casualties and 
now we will decide how to manage 
them. 
If we accept the present concept 

of total war we must be prepared to  
handle many thousands of casual-
ties as a result of an atomic attack. 
In the past we have taken for 
granted that there will be adequate 
facilities for the treatment of all 
casualties, but this cannot be the 
case when we have to deal with 
mass casualties. The very magni-
tude of the tasks will largely deter- 
mine the amount and nature of 
treatment that can be given. 

Large-scale treatment can be im-
proved by a certain amount of stan-
dardisation. It will be provided to 
give the best possible care to the 
greatest number of casualties. Of 
necessity standardisation in treat-
ment means some compromise be- 
tween the ideal from the medical 
point of view, and that which is 
practical in the face of an atomic 
attack. 

(a) Assessment. -
(b) Treatment. 
(c) Psychological aspect. 

6. Detcdion a d  measurement of 
radiation 

7. Medical mrranirafion in the field.~~~ 
~~~ 

8. References. 

To help with the medical plan 
every soldier will have to under-
stand his place in the atomic war 
and by his knowledge be able to 
help reduce casualties, give adequate 
first aid and prevent ganic. 

At the present time we do not 
anticipate any major alteration in 
the'organization of the army medical 
service as this would invariably re- 
duce the over-all fighting potential. 
After a bomb had been dropped in 
the field the war would not be over. 
The fighting troops an both sides 
would still have to decide the final 
issue. 

The conclusion to be drawn from 
this preliminary discussion is that 
we must train our medical units or- 
ganized as they are today to deal 
with the mass casualties that might 
arise following an atomic attack. 
Treatment is concerned broadly with 
mechanical, thermal and radiation 
injuries and the various combina-
tions of these three general types, 

2 - First Aid 
General 

First aid in the field is based on 
an equal mixture of basic medical 
knowledge and common sense. It 
has been demonstrated often that 
the efficient care of casualties de- 
pends to a very great extent on 
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their rapid evacuation to a place 
where they can be given definitive 
surgical or medical treatment. There- 
fore our first aid must be directed 
towards prevention of immediate 
death and. the preparation of the 
casualty for evacuation to a medical 
unit where he can be fully cared for. 

Catastrophic haemorrhage, severe 
shock and injuries to the respiratory 
system are conditions which may 
kill if not treated immediately. 
Therefore first aid will begin with 
self help and the assistance of com-
panions in the field. Such emer-
gency care, based on good first aid 
training, can be life saving. Bleed- 
ing must be stopped, severe shock 
treated, obstructions to breathing 
removed, and artificial respiration 
given if necessary by the Holger 
Nielsen method. 

Evacuation will commence as soon 
as the casualty is fit to walk or 
stretcher bearers arrive to convey 
the casualty to the nearest medical 
post. This is normally the Regi-
mental Aid Post, where the casualty 
is first seen by a medical officer. The 
severity of his injuries will be 
assessed, further first aid given if 
necessary and evacuation arranged 
back to the Advanced Dressing Sta- 
tion. While a t  the RAP further 
measures to control pain, stop 
haemorrhage and combat shock are 
carried out. If morphia is given to 
control pain in a deeply shocked 
patient it is more safely given 
directly into a vein; this drug is 

bes t  avoided completely in the pre- 
sence of head injuries, chest wounds, 
difficult respiration and casualties 
who are suspected of suffering from 
moderate to severe radiation. 

At the Advanced Dressing Station 
further Rrst aid treatment is given. 
The splinting of broken limbs is 
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checked, emergency measures for 
large wounds and burns are carried 
out. No large surgical procedures 
are embarked on but small emer-
gency operations which may be life 
saving can be performed here. 
Evacuation priorities are decided 
and it will become necessary to give 
priority to those recoverable casual- 
ties who are in greatest need of 
further treatment. During evacua-
tion casualties must be kept com-
fortable and protected from expo-
sure. No attempt whatsoever should 
be made to warm patients actively, 
apart from covering them with 
blankets. as this defeats the body's 
own method of combating shock and 
providing an adequate circulation to 
the organs essential 
brain, the heart, the 
liver. 

The correct use of 
remains a problem. 

to life, the 
kidneys and 

a tourniquet
If left on for 

too long death of a limb may follow. 
On the other hand even the slight- 
est loosening of a tourniquet may 
be dangerous in a casualty who has 
already lost much blood or who is 
still shocked. Under no circum-
stances should the limb below the 
tourniquet be heated. 

All treatment given to the casualty 
should be entered on his Field Medi- 
cal Card, which is carefully fastened 
to the casualty. This card remains 
with the casualty as he is evacuated 
rearwards through successive medi- 
cal units. 

3 - Treaimenf of Mechanical 
Injuries and Shock 

The types of injury to be expected 
have been discussed previously, and 
except for the modiAcation and stan- 
dardisation of treatment imposed by 
the vast numbers to be handled 
there will be no departures from 
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normal practice. I t  was recorded in 
Japan that where the casualty had 
received any additional radiation 
injury the complication of infection 
was very common. Therefore sur-
gical cleanliness to guard against 
infection becomes even more essen- 
ti.1 

Many casualties will require a 
general anaesthetic for various 
major and minor procedures and it 
is doubtful whether there will be 
sufficient medical omcers available 
to administer the anaesthetics. We 
will have to train medical orderlies 
for this task and in the hands of 
the inexperienced, ether adminis-
tered by the open drop method is 
the safest drug by far-despite its 
explosive qualities. 

Shock will be present in all 
casualties who have been seriously 
injured and in many who have sus- 
tained only minor damage. 

Primary Shock which appears 
immediately after the injury is of 
nervous origin and is not dangerous. 
I t  responds to reassurance, warm 
drinks and other simple measures. 

Secondan) Shock on the other 
hand is of the utmost seriousness 
and must always be treated ener-
getically. It is caused by any wide- 
spread damage to body tissues, loss 
of blood or severe burns. Severe 
shock is characterised by two main 
signs-

(1) Cold pale skin and 
(2) Low blood pressure. 

The shocked casualty may also have 
a rapid thin pulse, shallow respira- 
tion and be apprehensive. In this 
type of shock there is loss of circu- 
lating blood volume, either due to 
a massive haemorrhage or due to 
loss of fluid into the body tissues. 

The circulation becomes inefficient 
and the shock worse. Treatment 
must be commenced before this 
shock becomes irreversible. Pain 
should be controlled and haemorr- 
hage stopped. After evacuation to
the medical unit where surgery can 
be uerformed the shock is further 
treated with transfusions of whole 
blood, blood plasma or plasma sub- 
stitutes and the casualty made ready 
for operation. 

4 - Treafmenf of Burns 

Burns are caused by the heat flash 
of an atomic explosion and the 
secondary fires which may follow. 
The treatment of these burns will 
present one of the most difficult 
problems in the management of 
atomic casualties. The first aid treat- 
ment is relatively simple. The burnt 
area should be lightly covered with 
any material that is clean. Shell 
dressings are ideal, but if not avail- 
able clean sheeting or other material 
is as satisfactory. The covering 
prevents further contamination of 
the raw area with dust which may 
contain both germs and radioactive 
elements. 

Burns of any magnitude require 
large amounts of equipment, mate- 
rials and manpower for their con-
tinued management. Many casualties 
with bad burns will also be suffer- 
ing from mechanical and radiation 
injuries. A further problem is that 
it is often impossible to judge the 
depth of a burn and hence its 
severity, until a week or more after 
the injury-thus early classification I 
is difficult. A standard method of 
treatment will be absolutely neces- 
sary to help simplify management 
and the supply of materials. I t  will 
also be imperative to train many 
soldiers outside the Medical Corps 
to care for burnt casualties. 

C 
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Although no single method of 
treating burns has been decided 
upon at present, there is wide agree- 
ment on the principles to be fol-
lowed. The local dressing to the 
burn should protect, absorb exudate, 
be non adherent, completely sterile 
and be applied with moderate pres- 
sure. The dressing should be only 
changed when absolutely necessary 
-perhaps once a week. Drugs 
should be given to prevent infection 
of the burnt area and skin grafts 
used at  a later stage to cover areas 
that do not heal. Body fluids and 
blood may have to be replaced by 
transfusions, and various drugs used 
to control pain. 

In the early stage of treatment of 
a burned casualty it is necessary to 
estimate the area of the body that 
has been involved, as this dircctly 
affects the form of treatment and the 
casualty’s outlook. A simple method 
of estimating the percentage of body 
area burned is shown in fig. 1, illus-
trating the “Rule of Nine.” Any 
soldier with more than 15 per cent. 
of his body area burned will almost 
certainly require evacuation; if less 
than 5 per cent. is burned then the 
area can be dressed and the soldier 
may well be able to remain on duty 
if the need is great. 

Final care for severely burned 
casualties is an arduous and dimcult 
task and will be carried out best in 
a medical unit specially designed for 
this type of case. 

pecial Materials in Treatment ofI
Burns 
The theme for treatment of mass 

burns must be standardisation. A 
dressing suitable for all burns must 
be decided on. I t  should be easily 
produced and not too expensive. The 
dressing should be designed so that 
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large stocks could be held in for- 
ward and rear medical units in the 
field. 

The cellulose pad has been sug- 
gested as such a dressing. It has 
an absorbent fine mesh gauze cover- 
ing and is not particularly adherent 
to the burnt area. The pad can be 
cut into any desired shape and is 
held in place by a simple roller 
bandage. When large areas of limbs 
are involved they can then be immo- 
bilised in a splint or in a plaster 
of Paris cast. 

Aluminhm powder has been 
used in the past to provide an arti- 
ficia’ coagulum over the burnt area, 
the affected part then being left 
exposed to the air. This so-called 
“open treatment” is particularly suc- 
cessful when carried out in a large 
hospital devoted to this form of 
treatment. However, it is not applic- 
able to treatment of burns in the 
field in most circumstances. 

Blood and blood substitutes must 
be available in large quantities for 
the successful treatment of burns. 
The supply of blood will always be 
limited, therefore in the manage-
ment of mass casualties the answer 
lies in a substitute. The use of gela- 
tin, dextran and other substances 
are currently being investigated. The 
successful substance must meet the 
requirement of easy manufacture on 
a large scale and safe stock-piling 
for extended periods. 

Blood transfusion sets must also 
be readily available in large num-
bers for emergency use. The sets 
currently in use are manufactured 
from glass and polythene tubing, 
the glass components of which are 
highly fragile and will not stand up  
to bulk handling and air dropping 

I 
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RULE OF NINE 

FIG. 1. CALCULATON OF BURNT AREA 
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I 

new set manufactured completely ing on within a few hours to three 
from plastic components is now days after the explosion. In most 
inder extensive trial in Australia. cases these symptoms will pass off 

5 - Radiaiion Casuallies 

From a practical point of view 
nearly all the radiation casualties 
will be caused by gamma rays. The 
extent of the damage to the human 
body depends on the distance from 
the explosion and the shielding be- 
tween the explosion and the soldier. 
From the Japanese explosions it has 
been estimated that troops in the 
open will sustain practically 100 per 
cent. casualties up to I800 yards. 
Beyond 3000 yards the dose of radia- 
tion is virtually harmless. For per- 
sons in shelters, trenches and build- 
ings a t  the time of the explosion the 
dosage then depends on the shield- 
ing. At Hiroshima some escaped 
with little damage who were in an 
earth-covered shelter about 300 
yards from ground zero! 

The Japanese figures allocated 
only 15 per cent. to casualties from 
nuclear radiation. However many 
must have died from severe mech- 
anical and thermal injuries before 
the radiation injury had become 
evident. Also it must be remem-
bered that nearly all these radiation 
casualties will a t  least have some 
minor injuries, including burns and 
wounds from flying debris. These 
will require normal treatment. 

b.
For clinical convenience we can 

wide our radiation casualties into 


three grades, minor, moderate and 

severe. A standard treatment can 

then be designed for each grade. 


Minor cases have usually received 

up to 100r. They may complain of 

non-specific symptoms of nausea, 


in a few days without any specific 
treatment, and no further effects 
will be noticed. 

Due to quite a marked individual 
variation in susceptibility to radia- 
tion in a few the symptoms will 
merge with the next group to be 
described and in some even a dose 
as low as lOOr may prove fatal. 

Casualties receiving larger doses 
say from lOOr to 400r fall into the 
group with moderate damage. Their 
symptoms are similar initially to the 
first group, but they tend to be con- 
tinuous and more severe. Vomiting 
may continue unrelieved for many 
days and the bowel actions may be- 
come frequent and fluid. 

The onset of fever does give Some 
guide to the severity of the damage; 
in less severe cases fever does not 
occur for 10 to 14 days or may even 
be delayed for up to  four weeks. If 
fever is observed in the first week 
after the explosion the outlook is 
grave. 

During the third and fourth weeks 
in these moderate cases a rash may 
occur due to bleeding into the skin 
-if this occurs earlier, say in the 
first week, it also indicates a prob- 
able fatal outcome. Loss of body hair 
is also noted in this group and occurs 
from the second week onwards. 
Minor ulceration of the lining of the 
alimentary tract may also be a 
serious complication. 

Finally a casualty who receives a 
total body dose in excess of 400r will 
be severely damaged and about 50 
per cent. will die in 3 to 10 days as 
a direct result of gamma radiation. 
The symptoms are usually severe. 
They commence early and are pro-
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gressive-death occurs as a result of 
disorganisation of the body's inter-
nal environment. 
In the less severe of these cases 

there may be a definite interval of 
un to one week between the initial = 
symptoms and the onset of high 
fever, rash and severe diarrhoea. 
Frequent blood transfusions and the 
use of specific drugs to combat in- 
fection will save some of this group. 

Injuries from "Fall Ouf" 
Injuries from radioactive fall 

out will be managed in a like man- 
ner to those suffering from the 
effects of instantaneous radiation. 
The extent of the radiation injury 
depends on the area of the body ex- 
posed, the dose of radiation con-
tained in the fall out material and 
the efficiency of decontamination. 
Symptoms and treatment are essen- 
tially the same. 

(a) Assessment of Casualties 
This broad clinical classification 

can be the basis for allotting treat- 
ment. It is considered that however 
well organized the medical Services 
may be, a planned atomic attack on 
our forces in the field would cause 
so many casualties at one time that 
adequate treatment of all would not 
be possible. Therefore the main 
treatment would have to be reserved 
for those with a hope Of 

while those who were Completely
hopeless would be made as 'om-
fortable as possible. 

A medical officer would be best 
fitted for the assessment. His main 
task initially would be to diagnose 
hopeless radiation casualties based 
on-

(i) Position of the casualty in 
relation to ground zero. 

(ii) Any form of shielding. 

(iii) Symptoms. 
(iv) measure of total body 

dose. 
Doubtful cases would have to be 
assessed over a few days, watching 
carefullv for such bad signs as- 

(i) Early onset of severe vomit-[ 
ing and bloody diarrhoea. 

(ii) Rapid rise in body tempera- 
ture. 

(iii) An early fall in the white 
cell count of the blood. 

If a casualty were assessed as hope- 
less then treatment, except that 
necessary for comfort, would be 
withheld in an attempt to 

and avoid the danger of 
spreading infection from these cases. 

(b) Treatment 
The plan of treatment is com-

parable with that for burns. A sim-
ple routine is again very necessary 
because of the large number Of 
cases. It is reasonable to recommend 
administration of drugs to prevent 
infection in all those who run a 
fever. I t  is to be noted that treat- 
ment with sulphonamides is to be 
avoided because of their adverse 
effect, in some cases, on the blood- 
forming organs. 

Blood transfusions will be re-
quired for casualties who lose blood 
early and for those who become
anaemic later on from radiation 
effects. ~n any large-scale operation 
blood substitutes will have to 
used. 

Fluid intake will have to be main-
tained, If the casualty is unable to 
tolerate oral Ruid because of vomit-
ing, or the loss of fluid is excessive 
due to diarrhoea, it will be neces-
sary to feed him through a vein with 
specially prepared fluids. It is anti-
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cipated that there well be insuffi-
cient medical officers to set up the 
large number of transfusions re-
quired. Therefore it is considered 
advisable to train all medical order- 
lies so that they will be able to 
carry out transfusion procedures in 
such an emergency. 

The diet is of the utmost import- 
ance, due to the damage that may 
occur to the alimentary canal. Un-
suitable hard food may cause death 
through perforation of the ulcerated 
bowel. Routine use of a semi-solid 
diet with little or no residue is 
therefore recommended. Added 
vitamin C and B group vitamins 
will assist the body in its normal 
repair processes. 

An axiom of medical treatment is 
REST. There is no doubt that a 
casualty's chance of survival is 
worsened by all forms of mental and 
physical stress. Complete rest in the 
field is nigh impossible, making 
rapid evacuation and adequate seda- 
tion of all serious radiation cases 
essential. 

In summary, treatment is simple 
and along general lines. The casualty 
must be put at rest, adequately 
sedated, given appropriate drugs to 
prevent the spread of infection and 
blood transfusions and nourishment 
by the veins as necessary. 

(c) The Psychological Aspect 

The manner in which large bodies 
of troops will react to an atomic 
ttack is not known. The attack onDapan came unexpectedly and with- 

out prior consideration. Thus the 
great fear of radioactivity and tre- 
mendous havoc wrought by an 
atomic explosion had not been in-
grained by many months of disquiet- 
ing publicity. At present our sol-
diers know a little of the truth about 
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atomic explosions, but they gener- 
ally fear that which they do not 
know. 

How Will They React? 
The extent of their psychological 

reaction is impossible to predict. 
Many of the casualties will fear the 
outcome. This is not new, but many 
apparently uninjured will suffer 
apprehension and wonder what is to 
be their fate. 

Where possible they must be ex-
amined and reassured. The war will 
not be over and they must expect 
to continue their duties. Men fight 
as they are trained. If we train them 
now we can expect the best result. 
A well-organised medical service 
and a planned training programme 
will serve as the best treatment for 
the psychological reaction. 

6 - Defeciion and Measurement of 
Radiation 

As nuclear radiations are invisible 
it is necessary to use special instru- 
ments to detect their presence and 
intensity. These go by the abbrevia- 
tion RADIAC instruments (Radia-
tion Detection Identification and 
Computation). There are two main 
types in use at present which we 
can expect to be employed in the 
field in atomic warfare. 

(a)  A Contamination Survey type 
of instrument which is accurate but 
bulky. This will measure the pre- 
sence and intensity of radiation a t  
any place or time. This instrument is 
similar to the detector used by 
uranium prospectors. I t  consists 
essentially of two parts-the elec-
trode or probe, which is connected 
by a short cable to the amplifier and 
the recording dial from which read- 
ings are taken. While this type is 
both sensitive and accurate it suffers 
from the weakness of all electronic 
meters-the liability to mechanical 
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~ i g .a. 

breakdown. However, there is little 
doubt that this type of instrument 
would be the mainstay of the ground 
decontamination squads. 

(b) Personal Detector 
These are small pieces of equip- 

ment which can easily be worn on 
the clothing by each soldier. They 
vary in type from the simple photo- 
graphic film badge, which can be 
developed after wearing - t h e  
amount of fogging of the film being
proportional to the dose of radia-
tion. to the chemical crystal which 
changes colour on exposure to radia- 
tion. Another instrument which 
may be used is the "fountain-pen" 
type of electroscope. This can be 
slipped into a pocket, and, a t  a 
glance, roughly indicates the total 
body dose received. These personal 
detectors are small and Ngged and 
will indicate to the medical per-

confamini,tion sun., Met.? 

sonnel the total dose of radiation. 
They do not determine the intensity 
of radiation at  a given time or place. 

Eaiimafion of Ground Coniaminstioa 
After an atomic attack it would be 

necessary for a number of mobile 
teams, equipped with decontamina- 
tion survey meters, wireless, maps 
and transport, to move into the zone 
of suspected contamination. They 
would report the degree of contam- 
ination for the benefit of troops who 
might have to pass through. Recent 
tests in the United States of Ame-
rica have shown that most radiati 
injuries are caused by rays at  th 
moment of explosion. Residual 
radiation from an air burst bomb is 
now not considered a hazard and  
troops appropriately clad will be 
called upon to move through the 
area guided by the decontamination 
teams shortly after an explosion. 

1 
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Penonnel Contamination This is variable and can only be 
Medical officers dealing with quoted in statistical terms as the 

radiation casualties must be conver- Lethal Dose 50 (LD50).This is the 
a n t  with the following factors- dose of radiation (or other chemical 

(a) The fatal dose of radiation. or physical hazard) which will kill 
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50 per cent. of a given population- 
and is of the order of 400 rontgens 
(40019 total body dose. A fairly even 
body exposure is implied in this 
figure. However, with regard to 
statistics, the statement "So true in 
general, so false in particular!" 
applies. Experimentally we know 
that a number of people will die if 
they receive 300r, while others will 
survive 450r. Thus indicating an 
individual variation response to a 
given physical dose. A dose of 600r 
will be fatal to almost 100 per cent. 
of those expospd. 

The Falladee. of Dose Deteciors 
The personal dose detector will 

be worn on the clothing. Therefore, 
if, after an attack, the meter showed 
a fatal dose, then the result would 
appear obvious. 

Suppose, however, that the wearer 
was protected standing in an open 
trench with the detector wwn cm the 
greatcoat lapel. As the rays from 
the bomb reach the detector in a 
straight line, it will show a high 
dose although such vital abdominal 
organs as the spleen and liver have 
not been heavily irradiated. 

In a second case if the detector 
is in the greatcoat pocket the dose 
registered with respect to the ab-
dominal organs would be low due 
to the shielding action of the earth. 

The personal dose detector will 
be a most valuable instrument in the 
field, but it must be remembered 
that its reading is to be interpreted 
with caution. 

The effect on the morale of troops, 
a t  least some of whom are in posses- 
sion of radiac instruments, must be 
considered. Are we to tell those men 
who have been exposed to a fatal 
dose of radiation? Should they be 
assured they are safe after a parti- 

cular attack, only to find later that 
a percentage of their number die 
from radiation sickness, possibly 
due to high individual susceptibility? 
These are questions still to be 
answered. The risk of enemy 
rumours in relation to fatal radiation 
dosage must be stressed. Morale will 
rapidly deteriorate if troops are not 
reassured regarding their safety-
with a firm scientific basis for such 
reassurance. The risk of rumour is 
great. It must be countered by the 
tr'ith. 

7 -Medical Organixsfion in the 
Field 

As stated previously there will be 
no major change in organization. 

The concept of wider dispersion 
and adequate digging-in has been 
accepted. Medical units will con-
form with this doctrine. 

At Divisional level the ADMS will 
disperse his units in order that one 
medical unit only will be destroyed 
by any one atomic missile. One 
field ambulance might be used to 
support the forward brigades while 
the other two field ambulances in 
the division and the divisional field 
dressing station are deployed to the 
rear. These units being kept on 
wheels ready to act as mobile teams 
should they be required. 

The emphasis is on mobility. A 
static first aid post of any nature is 
wasteful of both personnel and 
equipment. Mobile units such as 
additional field dressing Stations 
allotted from Army, down to the 
Corps Casualty Clearing Stations 
might well provide the added medi- 
cal potential to deal with mass 
casualties. An alternative would be 
to base smaller Arst aid units on the 
casualty clearing stations. They 
could consist of a Captain medical 
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offlcer and ten nursing orderlies. 
Such a unit in the field would only 
give life saving first aid before 
allowing the normal evacuation to 
proceed. .Minor cases could also be 
treated in the and returned 
direct to their units to prevent over- 
crowding of advanced dressing
stations. 

In action after an atomic attack, 
all available information would he 
used to assess the actual number and 
location of casualties. The senior 
medical officer in the area would then 
decide on how to use any mobile 
medical units a t  his disposal. Normal 
evacuation would proceed where 
possible, rapid clearance to the first 
medical unit being the aim. At the 
advanced dressing station documen- 
tation would be carried out, and 
any additional simple first aid given. 

Early identification of radiation 
casualties a t  the ADS would greatly 
assist in allotting evacuation priori- 
ties. This diagnosis would be made 
by the medical officer after consid- 
eration of the soldier's position rela- 
tive to ground zero, shielding, any 
measurement of body dose and the 
soldier's symptoms. 

These priorities could be allotted 
in an attempt to ease the load on 
the casualty clearing stations. 

Priority 1. Casualties with s 
wounds requiring urgent res1 
tion and/or surgery plus an unl 
dose of radiation. 

2, A casualty F1 
otherwise uninjured presents ..____ 
definite signs of radiation sickness, 

Priority 3. A casualty who from 
his position in relation to ground 
zero at the time of evacuation, may 
have run the risk of receiving a 
serious dose of radiation, but has no 
symptoms. 

Casualties would he evacuated 
according to their priority. Priorities 
1 and 2 direct to the casualty clear- 
ing station. Priority 3, the doubtful 
group, would be evacuated to a 
holding unit such as a field dressing 
station, where the casualty could be 
observed--evacuated rearwards at a 
later date if necessary or returned 
to his unit after fourteen days. 
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APPENDIX A 

MATERIAL AVAILABLE IN THE AM€ FOR BASIC ATOMIC 
TRAINING 


N o h  on Atomic Warfare 

A roneod publication entitled “Notes on Atomic Warfare“ has been 
distributed to Commands and Army Schools. A small pool is held in each 
Command. 

These Notes deal with the principles of atomic warfare and discuss the 
effects nuclear weapons are likely to have on the conduct of the attack, 
the defence, and the withdrawal and on administration. They give very 
useful guidance on the factors which should be taken into account when 
preparing tactical exercises. 

Basic Afomic Training 

“Basic Atomic Training’’ is a roneod document which has been issued 
to all units of ARA and to National Service Training Units. Copies of 
the document are held in Command pools. 

“Basic Atomic Training” contains 12 lessons designed to bring the facts 
of atomic warfare to all ranks of the Army. They are suitable for a 
platoon commander to use as a basis for instructing his men in this aspect 
of warfare. Each lesson is complete with instructor’s notes and illustra- 
tions which can easily be reproduced on a blackboard. 

films 

The undermentioned films are available in Command Film Libraries. 
Because of the heavy demand films should be booked well in advance 
of the date they are required. 
MC 38 Atomic Physics, Parts 1-5. 

An authoritative film on the development of atomic 
85 m i n s .  

energy. 
USC 289 Medical Effecis of the Atomic Bomb. Part 1. 40 mins. 

Nuclear fission and general reaction; thermal energy 
and mechanical force; nuclear radiation and ionizing 
effects; physical destruction; casualty effects. 

USC 290 Medical Effecfs of fhe Afomic Bomb, Part 2-Medl-
cine (Pathology and the Clinical Problem). 36 mins. 
Mechanics of thermal, traumatic and radiation effects; 
clinical observations; diagnosis and prognosis; patho- 
logical material for illustrative purposes. 
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USC 315 Medical Effects of the Afomic Bomb. Part 3-Medical 
Service. in the Atomic Disaster. 27 mins. 
Shows the magnitude of the medical problem the 
bomb would cause. 

USC 318 The Afom Sirikes.  31 mins. 
The first experimental blast set off in New Mexico, 
aerial view of the bombing of Hiroshima and Naga- 
saki; close-ups of devastation in these cities. 

USC 320 Radiological Safety. Operafion Crossroads. 26 mins. 
A documentary film showing activities of safety 
teams investigating radioactivity effects at Bikini. 

USC 321 Radiological Safety. Operation Sandsfone. 25 mins. 
A documentary film showing various aspects and 
problems of the atomic bomb tests at Eniwetok. 

USC 337 The Effects of Atomic Explosions. 21 mins. 
Relative effects of various kinds of atomic explosions 
as determined at Hiroshima, Nagasaki and the Pacific 
testing range, as well as the theoretical effects of 
ground-contact and underwater explosions. Nuclcar 
radiation. 

USC 494 Atomic Support for the Soldier. 20 mins. 
Shows the effects of the atomic bomb used in the 
tactical role. The film is designed for showing to 
troops to dispel the fear that the attacker as well 
as the defender will become casualties when the bomb 
is used tactically. It gives a clear picture of how 
close troops may be positioned to the target and how 
soon after the explosion they may assault. 

(5 1089 The Effects of Aiomic Weapons on Troops in the 
Field. 29 mins. 
Using the nominal 20KT bomb burst at 2000 feet 
above ground level as a test case throughout, the film 
shows how casualties to troops in forward positions 
can be prevented or minimized. 

MC 56 The Atom Bomb-Its Effecis and How to Meet 
Them. 1-5. 
Produced by Civil Defence authorities in the United 
Kingdom. Covers basic detail and is an ABC of 
atomic warfare. Shows the various effects of atomic 
bombs on cities. 

AC 72 Exercise Alphabet. 16 mins 
A film record of an exercise held at the School of 
Army Health, showing various casualties. 
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DISTANCE 
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BANGALORE TORPED( 

HOLE IN TOP OF 
44 GAL DRUM FOR 

TORPEDO 

i - C = I Z F t'ISTANCE I I I I  

2 2 TIMBER 

WDER or  FILING 

BEEHIVE CHARGE 

FIG. 1. ATOMIC BOMB SIMULATOR 
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Simulated Atomic Bomb 

Although there is no real substitute for an atomic explosion, an economi- 
cal training aid which, if properly constructed, will produce the main 
features of an atomic bomb, may be made by the formula given below. 
This device should produce- 

(a) A satisfactory report. 
(b) A “ball of fire” about 70 yards in diameter and 40-50 feet high, and (

lasting 2-3 seconds. 
(c) A grey-black “mushroom” cloud rising to about 250 feet. 
When using the device ihe following conditions will apply- 
(a) The device rill be prepared and fired by, or under the dkeci ruper-

vision of. those members of the RAE who pcxsesa ihe required know-
ledge and llkilla in handling explosives. 

(b) The following safe!? distances will be strictly observed- 
(i) An area of 100 yards radius from ihe bomb will be clear of 

inflammable material. 
(ii) A minimum safety distance of 500 yards will ba observed when 

liking. 

Sior€a 
Empty clean 44-gal. drum . . . .  . . .  . . . . . .  1 
Dieselene, petrol or 50/50 petrol/dieselene . . . . . . . . .  40 gal. 

Napalm or Lux . . . . . . . . . . .  . .  . . . .  8Ib. 

Bangalore torpedo, MIAI, 5 ft. length . . .  . . . . . .  1 
Charges, demolition. Beehive, 6 lb. . . . . . . . . . . . .  1 

Fuze, detonating, Cordtex . . . . . .  . . 20 ft. 
Aluminium powder or filings . . .  . .  . . . . . .  2 to 3 oz. 
Detonators, No. 27 . . . . . . . . .  . .  . . . . .  2 

Detonators, electric, No. 33 . . . . . . . . . . . . . . . . . .  1 


Mahod 
Construct a stand for the drum, from 2 in. x 2 in. timber, with three 

legs of sufficient length to give a space of 2 ft. between the bottom of the 
drum and the ground. 

In the centre of the top of a clean empty 44-gal. drum cut a hole of 
sufficient size to admit the Bangalore torpedo and mount the drum on the 
stand. 

In a second drum thicken 40 gal. of petrol, dieselene or petrol/dieselene
with 8 Ib. of Napalm. If Napalm is not obtainable use a similar quantity 
of Lux. Ample stirring is necessary to obtain a good gel. When gelling 
is complete-about the consistency of honey-pour into the prepared 
drum. 

prepare the initiating Cordtex as shown in Fig. 2. paying strict atten- 
tion to the dimensions AB and AC. The sides of the triangle at “B” should 
be approximately 3 in. Do not instal the electric detonator at this stage. 

Insert detonator “C” in primer of Beehive and mount the Beehive, as 
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DETONATOR 27 DETONATOR No.27 


C 

A - B =  IFT 
DETONATOR A- C I12FT 

FIG. 2. ATOMIC BOMB SIMULATOR 

#own in Fig. 1 ,  centrally under the drum. Place the aluminium powder 
the cone. 

Pass the Bangalore torpedo through the hole in the top of the drum 
id, .if necessary, wedge it to keep it vertical. Insert detonator “A” in 
e primer of the Bangalore torpedo. 
When ready to fire attach the electric detonator to the long Cordtex 
ad at “B.” 

%fewDistances 
An area of 100-yd. radius from the bomb should be clear of inflammable 
aterial, otherwise serious fires may occur. 
A minimum safety distance of 500 yds. must be observed when firing. 


	Back to List



