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A STUDY PROPCSAL FOR SHURT-R A iGE AIR-TO-SURFACE
MISSILES

Two tyvpes of weapons are under development today for high-&lti-
tude strategic bombardment: free-fall bomks such as the TX~27 and
TX-28, and air-to-surface missiles such as the 2-63 arnd P-58 pod.

The horizontal range of wezpons in the first category is aporoximately
eight nautical miles, while the second type can achisve maximum ranges
of 100 to 500 nautical siles, In addition to differine in horizontal
rance, weaoons in the two categories have large time-scale differentials
which result from the range ard accuracy requirerent imvosed on the air-
to-surface missiles, If the primary advantare of the air-to-surface
missile is that it reduces aircraft attrition in the local defense area
and th=reby increases the orebatility of destroying the target, one is
ied to ask whether this same end might not be achieved with rocket-
roosteld Loabs having both shorter ranses and time scales.

To answer this question it is necessary to know:

L. The nrobatility of delivering a weapon on target with a given
nunber cof aircralft, as a lunction of weaoon ranme, allswance
btrinz made for the unreliability introduced in the process of
rocieet boosting.

2. Tre in&ccuracv of delivery as a fanction of ranre and the effect
of this inaccuracy on the probability of destroying the tarset

when a delivery is made,
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In zddition, 21l designs considered mvst be within the length, dia.eter,
and weight limitations imposed by the delivery aireraft and within
the range limitations of the bombing radar.

If the above information is availatle, then the over-all probabil-
ity of destrcying the target (the product of the foreeding probabilities)
as a function of weapon range can pe obtained and hence a decision can
be made between free-fall ard boosted bombs.™

An alternative method of aoproaching this decision would be to
estimate the number of aircraft required to achieve a given over-zll
provatility of destroying the target as a function of weapon range.

In the absence of the necessary data regarding Soviebd missile
defenses and delivery inaccuracy versus range to carry out the above
orocedures, some insight into the problem can be sained by considering
our own defenses and estimating the ccmparative value of free-fall
and boosted bombs against them., The attached graph gives the number of
missiles launched, as a function of range from the defense ring, against
a formation attack from one azimuth with neglizible (taken to be zero)
depth in range, This type of attack was chnsen since it minimizes the
time that the aircraft are in the interval between maxirum defense mis-
sile ranre ard the bomb release line (assumed to be at the defense
ring) and hence minimizes the number of shots which the defense can fire.

The -efense considered -- two IMike B battalions on a circle of 20,070~

Consistent, with Project Lamp Light, it is assumed that a short-range,
supersonic air-to-surface missile cannot be brougcht under attack.
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yard radius -- apnroximates the planned defense of Milwaukee and Wor-
folk. A battery's first interception occurs at 100,000 yards, and the
interval between intercept and succeeding launch is assumed to be 15
seconds. Aircraft altitude is 50,700 feet, and speed is 900 ft/sec.

If the kill probability per shot is fixed, “hen the average numbter of
aircraft lost in attenpting to rezch a given range is the oroduct of

the per-shot kill probatility and the number of shots delivered between
that range and maximum defense missile range (if the defense is assumed
to be perfectly co-ordinated and no more than one kill per shot is vos-
sible). In the case chcsen, an attack with gravity bombs would cest an
average of 23 aircraft for the estimated Nike B (atomic) kill probability
of 0.72.* Boosting the bomb rance by 20,000 yards or LO,000 yards would
reduce the averare aircraft cost {rom 23 to 16 and 10, respectively.
Suprose that to achieve the same level of damage as one gravity tomb,

a number of weapons A is required at an increase of 20,000 yards in range,
and B weapons are required at an increase of 10,000 yards (as a resuit

of degradation in accuracy, reliability, and possibly yield). Then,
while aporoximately 27 aircraft are required to achieve a 0.9 probability
of one or more penetrations with a gravity bomb, 16 + A + C and 10 +

B + D aircraft will be required at 20,000 and 40,000 yards, respectively.
These nunkers, A + C and B + D, must be less than (27 - 16) = 11 and

(27 - 10) = 17 if fewer aircraft are t» be committed to this target.

¥Project Lamp Light, vol ITI, NR-ORI-078, March 15, 1955
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Consider, for example, that the only degradation due to increased
weapon range is in CEP and that the CEP at a range r over gravity rarge
is approximated by

Sravity CEP(1 + r/K)s
i.e., the CEP is twice the gravity CEP at an increase of K yards, three
times the cravity CEP at an increase of 2K yards, etc.. Then, to
achieve not less than a 0.9 orobability of destroying a point target
(chosen for sensitivitr to CE®) requires that the following number of

weapons be delivered as a function of aided raage:

Added Ranze/K o, of Weapons Required

0 1
C-0.42 2
0.u2-0.73 3
0.73-1.00 4
1.00-1.25 5
1.25-1.L5 6
1.45-1.63 7
1.63-1.83 8
1.83-2.08 9

The following table zives the number of aircraft (one weavon per
aircraft) which must attack a tar-et, defended as in the attached
graoh, to achieve not less than a 0.9 pnrobability that the required
nuomber reach the homb-release line at range r for K = 410,000 yards.

Alsc ziven is the expected nunber of air-raft lost durinz penetration.
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Expected Wo.
Raige, T No. of ofpigrcraft
_(yards\ §§§S{?£ Lost. Inbound
o) 27 23
16,800 22 17
29,200 18 13
40,000 : 16 10
50,000 15 8
58,000 16 8
65,200 13 L
73,200 13 L
82,300 12 2

For tre defense, tarpget, and CEP versus range assume. here, fewer

aircraft are needed if the CEP is not doubled in less than an additional
10,000 yards; i.e., K must be greater than aporoximately 10,000 yards.
The trends of the above examnle imply that considerably fewer air-
cralt are required with only a slight range-boosting of our gravity
weapons. For this reason, Department 5140 has teen requested to make
an informal estimate of the characteristics of boosted TX-27 and TX-28
weapons. Of cowse, when data on attrition and CEP versus range, yield,
reliability,.targets, etc., are kncwn, the preferred characteristiecs of
. boosted boros can be cbtained both for high-altitude and low-altitude

: tactical and strategic bombing.

W. F. Roherty, 5123

November 15, 1956
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