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SOME ASPECTS OF WEAPON KILL VERSUS CARRIER KILL

THE PROBLEM

To gain some insight into the problem of aircraft-plus-bomb versus aircraft-only kill,
an exploratory study of the following assumed situation was made.

An attack by a given number of bombers is made against a defended target, it being
tr. +ho offense that the defenses are penetrated. Each attacking - aircraft rnrrier.

weapon having a completely reliable dead-man switch which produces an off-target surface
burst if the defense scores an aircraft-only kill. Every aircraft surviving the defenses drops

wepon ,Ipon the taraet (all weapons having the same yield). surface-burst fuzinE hping

The defense is capable of firing a given number of "sh ,- •.s" during the attack at individual
aircraft (no multiple kills are possible). All shots have the same guidance errors and yield,
ruzing errors being negligible. Furthermore, the fuzing system is such that the par-shot
aircraft kill probability, which is the sum of the per-shot aircraft-plus-bomb and aircraft-
only kill probabilities, can be made to take on any prescribed value (fixed throughout the
engagement) between the aircraft-plus-bomb kill probability (fixed by the yield and guidance
errors) and unity (before inclusion of reliability degradations). In other words, by dudding all
shots that do not come close enough to the aircraft, the defense can set the aircraft-only kill
probability at any value it chooses between zero and one minus the aircraft-plus-bomb kill
probability. The objective of the defense is to minimize the total expected population loss on
and off target by an appropriate choice of the aircraft-only kill probability.

PROCEDURE

If the population losses r4sulting from a given engagement are divided into two categories,
on-target and off-target, the following assumptions are made:

1. Off-target losses are directly proportional to the number of surface
bursts which occur.

2. The target population is lost entirely if either one or more penetrations
of the defenses occur or the number of off-target surface bursts exceeds
a given Tr.imber.

If it is assumed, in addition, that penetration to the target cannot occur until the defense
has launched a prescribed number of shcts, then the expected population loss in an engagement
can be written* as  

The probability relations contained in this memorandum are primarily the work of
G. P. Steck, 5125.
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where the notation used is

V = expected population loss normalized on target population,

= ratio bt 01i-target
	 tarar-t noDulation.

A = number of attacking aircraft,

PB = one-shot bomb-plus-aircraft kill probability,

PA° = one-shot aircraft-only kill probability,

P = PB + PAO = per-shot aircraft kill probability,

N = number of shots the defense can launch, and

C = number of off-target surface bursts required to destroy the target population.

Evaluation of V was made for all combinations of the following:

B: 0. 05, 0, 1, and 0. 2;

A:	 5, 10, and 15;

PB:	0.14, 0. 35, 0. 56, and 0.70 (including a reliability of 0. 7);

PAO' as required to find a minimum V but always in the interval from zero to
(0.7 - PB );

N: 20; and

C: 1. 2. and 5.

a

Plots of V versus PA° are given in Figs. 1-9 for various values of A, B, C, and P B .
Although no optimization of PAO is involved, V versus A and B at PB = 0.7 is illustrated B

in Fig. 10 to complete the description of --N.7 versus PB .

Maximizing the probability of no penetrations might be considered as an alternative
objective to minimizing the expected population loss (the two objectives could be identical in
the absence of a dead-man switch). Figure 11 is therefore included to illustrate the probability
of no penetrations versus the per-shot aircraft kill probability.
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EXTENSIONS

If it were desired to include in V the physical (nonpersonnel) losses on target, then the
term

D 1 -
L

	 (N) i,m (1 - p ) w_m
m=A 

v.-ould be added to the right side of Equation 1. It is assumed here that one penetration is
adequate to destroy the complete physical value, D, where D is this physical value normalized
nr% -tho ,Tatilp of the target population. The effect of including this term in V would be both to
increase V generally and to increase the optimum value of PAO.

7n perrnit the estimation of V in an attack by bombers and decoys (assuming that the
defense cannot distinguish between the two), Equation 1 takes 0- , form

where

Ph k=A-h

k • \
- PAB- hPAk -OA+h Rk/P

F
(Ak ) (mF - A in, kRk 	 - k) 	 1(A)m=k 

m m
(N) m rnP (1 - P) N- F > m

k= 

(rk 1 1) pF(1 
N > F, m = F

and F - A is the initial number of decoys. It is expected that when the attacking force is large
and is composed of several times as many decoys as bombers, V would he minimized by large
values of PAO .

5
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CONCLUSIONS

For most of the situations assumed (as illustrated in Figs. 1-9), minimum casualties
among the defended occur when the defense duds all, or nearly all, defensive missiles which
cannot achieve a weapon kill.

The reverse situation exists if either the attacking force is large and the population well
protected from fallout or the offense does not employ a dead-man switch (Fig. 11).

Rni-r7PTv - '121
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