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The RAND Air Defense Analysis seeks to assist the Air Force with 15ome 

of the decisions it has to make in the field of Air Defense by bringing 

together the available factual data, experience, intuitive considerations, etc., 

and attempting to establish a quantitative relationship among these many factors. 

So many assumptions must be made, and so many data are involved, that a 

continuing review of these !actors is felt to be necessary to make the study 

effective. 

This document presents the main assumptions and conditions of the study. 

The briefings during March will present some of the detailed results and 

conclusions to be drawn therefrom. The complete study will be described in 

detail in a RAND Report which will be published as soon as possible. 

Air Force scrutiny of the assumptions and data of the study is invited. 

While the major emphasis of the study is on questions which lead to 

research and development recommendations, it is hoped that it may provide 

some useful suggestions for the consideration of USAF agencies concerned with 

air defense operations and planning. 
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The study deals with an attempt to make a quantitative comparison 

of various weapon systems. A distinction is made between the detection ard 

control network on the one hand, and the actual defense weapons on the othero 

The weapons are divided into local and area defense categories. 

Local defense weapons are compared {against a given threat) on the basis 

of a criterion called "bombers killed (max. )11 at a fixed aMual defense budget 

for that particular defense weapon. This quantity is the number of bombers 

the defense weapons purchased by the assumed budget could kill !.! 

a.. all defense weapona'were engaged in the battle, and 

b. there was a surplus of enemy bombers so that no weapon had. to 

cease firing or fire at the same bomber any other weapon wae 

firing at. 

Operational degradation !actors for each system component were included. In 

reality, o( course, the actual number of bombers killed would be considerab~ 

less than the numbers shown because not all the defense weapons would be 

encountered and there would tend to be some doubling up of fire on individual 

bombers. It is felt, however; that this criterion is a safe one to use in 

comparing weapons or the same general type .. 
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Next, varlous area defense weapons were compared on the basis -J:r the same 

criterion of "bombers killed (max.)" at a fixed annual defense budgeto It is 

only pennissable to compare area defense weapons of the ~ radius of action on 

this basis because of the assumption that all defense weapons are encountered 

by the enemy attack. 

Next, a study is made of the U.S. target system, and the fraction of the 

local defense weapons and the fraction of the area defense weapons (of given 

radius) encountered by a given enemy strike are detenninedo 

Calculations are made !or an enemy campaign against the u.s. defended by 

each weapon in turn, The defense budget needed for each weapon (and associated 

radar) is detennined for a fixed level of destruction of U,S. targets. This 

pennits a comparison of area and local defense weapons and of area defense· 

weapons of various radii. 

For this calculation it is necessary to assume something about the perfo:nn-

ance of the radar network. For purposes of weapon comparison it is assumed 

that the radars work perfectly so no additional radar system degradation factor 

is introduced at this point. 

After consideration of a ca:nbination of various threats (high or low 

altitude attacks with bombers or air-to-surface missiles, etc.) preferred weapons 

or weapon combinations are selected for each time era of the study and a 
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calculation is made of the relation between the U.S. targets destroyed by an 

enemy attack and the U.S. defense budget. 

At this point the study returns to a consideration of the radar networks, 

considering different networks having various capabilities in the various eras. 

The radar system performance is then combined with the weapon system performance 

previously estimated to obtain an over-all picture of our air defense capabilityo 



ASSUMPTIONS OF THE ANALYSIS 

I. Basic Scope of the Study 

1. Defense of the Zone ot the Interior only. 
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2. Time period considered in the study is from about 1953 to 1959. 

Specific dates of 1954, 1956, and 1958 are used for the majority 

of the calculations. 

J. Attack by the Soviet Union with airborne delivery of atomic weapons. 

4. Only an initial atomic campaign is considered, lasting over a period 

of a few months, at most. 

5. Possible effect of U.S. attack on Soviet striking force is neglected. 

6. Our defense forces are assumed to be alert, well trained and ready 

when the initial attack comes. 

It is assumed that the air defense objective of overwhelming importance 

is to minimize the damage to the Zone of the Interior caused by enemy atomic 

attacks. 

In this study all defense weapon designs, tactics, etc., are chosen with 

this objective in view. In selecting preferred weapons, three kinds of comparison 

have been made. They are as follows: 

1. The dollar cost of achieving a given defense capability. This 

includes the initial procurement of equipnent and associated spares, 
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etc., and the oper~tion and maintenance costs of having a force in 

being. (Salaries of personnel, training costs, ancillar;r cos ts, 

overhead, etc., are considered.) 

In some parts of the study the initial cost is atnortized over a 

period or years and added to the annual operating cost to get what 

ie called the ~ annual cost. This period is taken as 4 years 

for the weapon systems and 10 years for the ground radar network. 

The costs for interceptors and radars are also progranmed year by 

year. This measure is the most quantitative one developed so it is 

used frequently in numerical comparisons of weapons. 

2~ The cost in specializeq maneower. It is felt that one possible 

bottleneck in future weapon systems is the lack or highly-trained 

and skilled electronics operational personnel. For this reason 

the defense weapons are compared on the basis of the cost (in 

electronics operational personnel) of achieving a given level of 

defense, 

J, There are a great many characteristics of weapon systems and special 

considerations which it has not been possible to consider quantitatively 

in this study. These are discussed qualitatively and include suc'h 

things as technical feasibility, vulnerability to countermeasures, and 

ability of the systems to function at low altitudes. 
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The enemy weapons and carriers assumed were based partly on intelligence 

information but mainly on the expected capabilities of the U.S., somewhat 

modified. It is not expected that the enemy will possess all 'these weapons 

at the times shown. It is believed that by a considerable effort he could get 

one or two of them, and since we don't know which ones, we have to consider a 

defense against any o! them. 

Manned Aircraft types 

1. TU-4 - Operational throughout the period of the study. 

Maximum altitude 35,000 fto 

Maximwn speed over target 345 knots 

Defensive Armament twin 30-mm cannon in tail turret 

The stripped down version is assumed to be capable of one-way 

missions against all important targets in the Zone of the Interior. 

2. The "Stalin" - Operational in 1956 and thereafter. 

Maximum altitude 50,000 f't. 

MaximUJll speed at altitude 500 knots 

Capable of refueled round-trip missions. 

Defensive Annament twin 30-mm cannon in tail turret 

This is an 8-engine turbojet similar to the B-52. 
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). The 1•Volga11 - Operational !n 1958 and thereafter. 

Maximum altitude 48,ooo rt. 

Combat speed 425 knots 

Capable or unrerueled round-trip missions, 

Defensive Armament twin JD-mm cannon in tail turret. 

This is similar to the B-47 with turboprops. 

4. The 11 Lenin11 - Operational in 1958 and thereafter. 

Maximum altitude 60,000 rt. 

Maximum speed at 50,000 rt. 750 knots 

Defensive Armament twin 30-mm cannon in tail turret. 

This aircraft is capable or a supersonic dash in the vicinity or 

the target. It has a relatively short combat radius,and is probably 

not to be expected in attacks on the Zone of the Interior. It was 

included in the study mainly as a threat for the manned interceptor 

to be designed against - probably for advanced base use. 

No attempt was made to decide which of these aircraft was "preferred" by 

the enem,y because this depends on their vulnerability and cost and on our defense 

weapons characteristics which vary widely. Instead, a nominal nl.Dllber or each 

type was assumed, namely 500, (Representing quite different budgets.) The 

results of the study could be redetermined tor different stockpile sizes, but 

in the absence of any good estimates this has not been done. 
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1. A subsonic short range air-to-surface missile is assumed to be 

operational in 1954. It could be carried by a TU-4 and would have 

an assumed range of 100 miles at high altitude and of 10 miles at 

low altitude. Its speed would be 450 knots. Its design would be 

similar to Rascal I. 

2. A supersonic longer range air-to-surface missile is assumed to be 

operational by 1956. It has a speed at high altitude of 2000 knots. 

Its range at high altitude is sufficient to pennit launching beyond 

the range of our interceptors. At low altitude it has a range of 

greater than 20 miles so it can be launched beyond the range of the 

low altitude local defense weapons. 

3. A supersonic surface-to-surface glide rocket is assumed to be 

operational by 1958. It has an altitude of about 100,000 ft. and a 

speed of 5000 knots. 

4. A surface-to-surface ballistic rocket is assumed to be operational 

by 1958, speed 10,000 knots. 

5. A submarine-launched missile capable or carrying an atomic warhead 

500 miles is assumed to be operational by 1954. It has a sea-level 

speed of 390 knots and is an enlarged V-1-type missile. It is assumed 

that as many as 1000 of these might be launched against our coastal 

targets. 
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~ircraft Operati nal Figures 

Availability was assumed to be 9<:J~ on the first strike, since it was 

assumed that the Soviet Union takes the initiative. 

Atomic Weapgns 

Aborts and Operational losses 

Radar bombing CEP at high altitude 

against industrial targets at 
night 

Radar bombing CEP at low altitude 

against industrial targets at 
night 

Gross errors (under the same 

conditions) 

4,000 rt .. 

2, ~00 tt. 

A 50 KT bomb was assumed. The stockpile in 1954 was taken as that given 

by intelligence estimates and it w&s assumed that about 7~ would be committed 

against the U.S. In later years this number was increased so that by 1958 

three times as many bombs would be comm! t ted as in 1951,:. '. · 

.n.ttack Tactics 

1. Day and night attacks considered 

2. Altitudes considered ranged from the maximum combat altitude of the 

bomber or missile considered down to the following low altitude limits: 

TU-4 - 200 !t. in daylight: 

1500 rt. at night or in conditions of poor visibility. 

Short-range air-to-surface missile (similar to Rascal I) launched 

from low altitude TU-4: 
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200 ft. in daylight 

1500 ft. at night or in conditions of poor visibility. 

Submarine-launched V-1-type missile: 

1500 ft. in any conditions of visibility} 
two cases 

200 ft. in any conditions of visibility 

Supersonic air-to-surface missile: 

1500 ft. under any conditions of visibility. 

The assumption is made that these low-altitude attacks are technically 

and operationally feasible ard that by a climb to altitude at the last minute 

and parachute bomb release (or autopilot bomb run) the bomb can be detonat.ed 

at nearly the optimum burst height without requiring suicide crews. 

The assumption that these low altitude attacks are feasible has a marked 

effect on the results of the study. 

). It is assumed that the enemy has complete knowledge or our defense 

weapons characteristics and deployment and chooses the weight and 

concentration of his attack most favorably for himself to do the 

maximum damage to our target syst8!1 in his whole campaign. 

4. The enemy chooses how many bombs to dispatch per aiming point per 

strike. When our defenses are strong, it is advantageous for him 

to send several bombs to each aiming point. 

5. The enemy continues to press home his atta~..ks against any level 

of attrition until he has exhausted the stockpile of bombers and 



RM-562 
3-9-51 
-12-

bombs originally committed to the attack on the Zone of the Interior 

or until substantially all our important targets are destroyed. 

6. Both round-trip and one-way missions are considered. 

7. A single~wave atta.ek ie assUl'lled !or eaeh strike, thus minimizing 

the time the bombers are within interceptor range. 

8. Adequate pre-and post-strike reconnaissance, or equivalent 

intelligence information, is assumed to be achievable. 

9. Bomber evasive action is assumed possible both in the air battle 

with interceptors and over the local defenses. 

10. Bomber !onnations are assumed not to have mutual fire power protection 

against our interceptors nor to have escort fighters. 

IlI. U. s. Target Szstem 

The targets considered include the following: 

1. Critical industrial installations 

2. SAC bases 

J. Large metropolitan residential areas 

Among the industrial installations considered are these: 

1. Petroleum industry 

2. Steel industry 

3. Aircraft tssembly plants 

4. aircraft engines, reciprocating and jet 



5. Atomic Energy Commission facilities 

6. Ball-bearing plants 

7. Aluminum and other critical metal facilities 

8. Munitions plants 

9. Truck industry 

10. Electronics industry 

11. Etc. 
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The SAC bases included the operational bases, bomb depots, etc. 

(However, the squadron deployment of SAC was not considered.) 

The metropolitan residential areas consist of the major U.S. cities 

and their suburbs. 

The relative value of the targets within each category was considered, 

and it was decided which targets were valuable enough to defend and which could 

be left undefended by local defense weapons. 

The number of defended aiming points considered was approximately: 

Industry and SAC 350 

Population 150 

This number was varied somewhat as the defense strength and offense bomb 

stockpile were varied in the analysis. 

The industrial and residential aiming points were, of course, not completely 

separate, hence the actual targets were laid out on a map and the local defense 
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areas in which both population and industry targets occurred, or in which clusters 

ot industry targets occurred, were dete.rmined and a composite target system was 

constructed. 

It was detennined that a large fraction of the industrial aiming points 

lay in or near the local defense areas tor the population targets (particularly 

in the Northeast) so that if it had been decided to defend a mµeh larger number 

of industrial targets, the increase in the number of local defense areas would 

have been small .. 

It is realized that the question or the effect of atomic bombing on our 

ability to wage war is a very difficult and controversial one. However, a 

simple and definite criterion of damage has been chosen for thie etudy which is 

the percent of physical destniction or the critical industrial targets and 

the percent of people made homeless in the large cities. It is felt that this 

criterion is adequate to permit defense weapon comparisons to be made. The 

number or people killed or seriously wounded is presumably much lower than those 

made homeless but depends so much on questions of air raid shelters. civil defense 

measures, warning, etc., that it wasn't used in this study~ 

IV. Area Defense Weapons 

Interceptors 

Three generations of interceptors were considered. In the era 1951-1955 

the interceptors were the F-860, F-890, F-94C, and B-4.5 (interceptor modification). 
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In the era 1955-1960 a generalized family of interceptors was considered. Their 

design wa,s varied over a range of combat speed, altitude, load factor (both 

transient and steady state) combat radius, total payload weight, number of 

firing passes and annam.ent type. Powerplant is turbojet with atterburner. 

The interceptor is a single place, manned all-weather airplane. The electronics 

equipnent was c.pnsidered to be that of the MX-1179 Project. In the era 1958 

onward an 11 unmanned interceptor" - a ground-to-air miesile - was considered. 

Here the range, payload weight, seeker anteMa size and power, speed and load 

factor were varied. 

At these dates the existence of large quantities of the weapon con1idered 

·were assumed to be in operational use with .t'ull tactical capability. 

Interceptor Annament 

1. Air-to-air Rockets. 

a. From 1952 onward 2. 75' folding-fin air rockets (FFAR) were 

considered. They were investigated in both collision and pursuit 

course attacks. 

b. From 1956 onward a generalized family of rockets was considel"ed. The 

preferred rockets for collision course attack were large rockets 

in the weight range 200-500 lbs. with fragmenting warheads, 

Vt fuzed. The over-all realiability of the rocket and fuze was 

taken as 95% • 



2. Air-to-air Guided Missiles. 
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a. Starting in late 1954 it was assumed the MX-904 missiles would 

be available in quantity. The over-all reliability or the 

missile, seeker and fuze was taken as 85%. 

b. From 1956 onward a generalized family ot missiles was considered. 

The preferred missiles were large, in the weight range 2<X>-600 lbs. 

with fra~enting warheads, VT fuzed. Again the over-all reliability 

was taken as 85%. 

3. For all these armaments it was assumed the interceptor could fire the 

total load in one, two. three, or four passes. 

Low-Altitude Effectiveness of Interceptor and Armament 

The estimate of this effectiveness depends on: 

l. The performance of the ground radar network at low altitude 

2. The performance of the airborne intercept (AI) radar or other 

means of search and track 

3. The performance or the weapon itself and its guidance, if any. 

The ground radar network and its low-altitude performance are discussed below. 

' It is realized that very little operational data exist on points 2) and 3) 

and theoretical studies are very difficult to make. Therefore, so~e tentative 

assumptions were made which can be modified when firm operational data become 
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available or it it is desired to detennine the effect ot changed assumptions 

on the results of the study. The assumptions made were: 

1. In the era 1952-1955, rocket-anned interceptors would be capable 

or low-altitude daylight combat with visual sighting and firing 

with a reduced capability relative to their high-altitude all-

weather perfonnance. The capability was asswned to be reduced 50%. 

At night, or in conditions of poor visibility, the low-altitude 

capability was taken as essentially zero. 

2. In the era 1955-1957 it was assumed that airborne moving target 

indicators (AMTI) become feasible for AI radars so that low 

altitude rocket-armed fighters would have both day and night 

capability. This capability was still degraded by 50% relative 

to the high-altitude capability to allow for the difficulty or 

making passes on bombers without running into the ground and to 

allow for imperfect AMTI. Missile-armed fighters in this era were 

still assumed to have no low-altitude capability. 

J. From 1958 onward it was assumed that air-to-air missiles would 

function satisfactorily at all altitudes with no reduction in 

capability. 



Interceptor 9J:?erational Figures 

Availability 

Aborts 11% 
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The percentage of interceptors committed to battle against inbound bombers 

varies according to region o! country and amount of radar cover. In the 

inland regions, where there is ample warning time, all the available figh~ers 

a~e assumed to be committed against the inbound battle. On the seacoast some 

interceptors would be held in reserve to insure against feinting attacks. The 

number withheld varied, depending on the extent or the offshore radar cover. 

In some cases fighters were committed in proportion to the nu.mber of bombers 

seen and a large fraction could be held on the ground. 

!Vo Local Defense Weapons 

1. In the era 1954-1958 surface-to-air guided missiles were assumed to 

be available as follows: 

NIKE (Modified) 

Terrier I 

Terrier II 

Terrier III (a proposed combination or the featurEtJ of Terrier II 

missiles and NIKE tracking radars). 

The characteristics of these weapons assumed were somewhat modified from the 

actual designs now being worked on. 
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In addition, to augment these weapons, low-altitude weapons were considered 

as follows: 

Low-altitude 

1 
Loki J radar fire control 

Skysweeper 

20 mm guns 

40 mm guns 

50 cal. guns 

a generalized gun (visually fired), !rom a family studied at BRLo 

High-altitude guns and unguided rockets were considered briefly, but 

their performance was so inferior to that of the guided missiles (particularly 

if bomber evasive action is assumed.) that the weapons do not fonn part of the 

present studyo 

2. In 1955 a Talas-type guided missile was assumed operational. 

3. In 1956 and onward a generalized family of guided missiles was examined. 

The preferred members of this family used a semi-active guidance system 

for their whole flight, getting lock-on on the groundo Warhead 

weights, load factors, seeker antenna size, and missile configuration 

were varied. The warhead weights of interest were so great that 

combined blast and fragment kills were possible. 

4. The effectiveness of these weapons has been considered. to be reduced 

to the following percentages of their theoretical capabilities: 



for NIKE, Terrier, Talos 

for light guns (including effect of 
evasion) 

tor generalized missile in 1956 
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This degradation results fro~ considerations of reliability, evasive action, 

confusion, etc. In addition, all weapons were costed for a complete campaign 

plus the cost of replacing everything shot away in readiness for another 

campaign. This is equivalent to doubling the procurement cost of all the 

missiles. Finally, in the case of the generalized missile, since it is not 

rate-of-tire limited, care must be taken not to exhaust the missile stockpile 

while there are still enemy bombers left to attack the targets. To ensure 

that this does not happen, an additional reserve ot approximately 50% is 

required for this weapon, making the over-all effectiveness of this weapon 33-1/3%. 

None of these degradation factors take into account the effect ot electronic 

countenneasures. This effect is considered separately for the electronic 

components ot each weapon. 

Local Defense Weapon Effectiveness at Low Altitude 

It is assumed that the Skysweeper and Loki weapons can fire under any 

conditions of visibility (and at any altitude down to the lowest altitude ot 

the study - 200 feet). The 50 cal. gun and BRL generalized gun, being visually 
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fired, are assumed to.be ineffective at night or in conditions of poor visibility 

against manned bombers. However, it is assumed that the submarine-launched 

missile is visible at night because of its ~aust • 
.. 

The guided missiles - NIKE, Terrier, and Talos - are assumed to be capable 

of engaging targets down to within one tracking radar bea.mwidth of the ground. 

This gives them a reduced capability against targets at 1500 ft. and essentially 

no capability against targets at 200 ft. 

The generalized family of missiles with semi-active seekers are assumed 

to have full capability at all altitudes of the study and to be specifically 

designed with this in viewo 

v. Radar Networks 

It is assumed that in the era 1952-1955 the ground radar netl«>rk will 

consist of AN/CPS-68, and AN/FPS-3 radars ~1th nodding-beam height finders). 

If picket ships are employed, they will have AN/CPS-68 radars or equivalent. 

AEW aircraft (if used) will have AN/APS-208 radars, and the planes themselves 

will be Navy AD-3 1 s. 

Also available, if desired, will be ~N/TPS-lD radars as gap-fillers and 

to supply some low-altitude coverage. The control facilities associated with 

these radars will be semi-automatic following the SAGCI program or equivalento 

In the era 1956 onward, the next generation of ground radars becomes 

possible. It is assumed that these radars might be either /\.N/FPS-7 or Volir 
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sets, In addition, a generalized family of radar systems has been considered 

in the study,and the preferred systems consist of many small radars closely 

spaced and unattended, or almost unattended. This type of radar system has been 

called 11Muldar11 • 

In the era 1958 onward, it will be possible to have very-high-power, high-

coverage radar sets to detect and track enemy ballistic missiles and glide 

rockets. In addition, it has been assumed that it will'be po,sible to have 

advanced automatic control facilities for any of the radar networks in existence 

a.t that timeo 

It has been assumed that of the radar systems mentioned only the Muldar 

system will have completely adequate low-altitude coverage. This system is 

specifically designed to provide cover down to 200 feet and to reject all 

ground clutter, storms, and other unwanted signalso 

It was assumed that against manned bombers the time required for iden-

tification, evaluation, assigrunent, and interceptor scramble takes an average 

of 10 minutes. 

A study was made of the U.S. target system, and various radar coverages 

were investigated to determine the combat time available for various designs 

of interceptors as a function of the radar cover available. 

u~~n1 Ans1r1,..D U~r ·': ·t· t HUL ·u l . 




