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. WSEG REPORT NO. 23 

THE RELATIVE MILITARY ADVANTAGES OF 
MISSILES AND ~lANNED AIRCRAFT 

STATEMENT OF THE PROBLE!>l 

1. To prepare a report, assuming reasonable· success in 1 

carrying out the plans for the IRB!-1. and ICBM, which would 2 

set forth the relative military advantages (excluding 3 

psychological considerations) of these missiles in comparison 4 

with manned aircraft and with non-ballistic missiles assumed· 5 
.v to be available at the same time. 6 

SCOPE AND ASSUMPTIONS 

2. The m1li tary advantages of medium and long-range mis.s11e 7 

systems and manned aircraft are considered as they relate ·to 8 

the operations of strategic deterrence and retaliation within 9 

the ·concept of general war •. No consideration is given to 10 

limited degrees of warfare falling short of general war, 11 

since it is considered herein that the IRBM and ICBM have no 12 

important use in such situations. It must be borne in mind 1 13 

however, that many of the other systems considered, particu- 14 

larly manned aircraft, have essential uses in these types 15 

of war -- giving them in this respect an essential advantage 16 

over the ballistic missiles in question. On the other hand, 17. 

general war is regarded here very broadly: in order to under- 18 

stand the military potentialities of a weapon system on a 19 

scientific basis, the most unlimited war situation in which 20 

it has a potential use must be considered, not restricted by 21 

any present date limitations of national policy. This has, 22 

among other things, the advantage of showing what the 23 

potential enemy could do against us by means of the same 24 

weapon system. 25 

~/ JCS Memorandum to Director, WSEG, SM-290-57, dated 
11 April 1957, SECRET. 
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3. The delivery systems considered are: 

~· Ballistic missiles: ICBM (ATLAS, TITAN), IRBM 

(THOR, JUPITER), FBM (POLARIS); 

£, Aerodynamic missiles: Intercontinental NAVAHO, 

SNARK; intermediate range -- MATADOR B, REGULUS II, and 

TRITON. 

£. Manned aircraft: B-47, B-52i B-58 (with and without 

powered pod), A3D, A4D, and A3J. 

4, In evaluating their _capabilities, all delivery systems 

are considered on a common basis: the assumption that the 

published plans for producing them and the engineering fore­

casts of their characteristics are reasonably and equally y 
successful. Furthermore, no attempt is made at an in-

dependent evaluation in these regards. 

5. The time period involved is that of the operational 

availability of the first generation ICBM, IRBM, and FBM. 

It is assumed that the other delivery systems listed above 

can be available in the same period, The period so defined 

is estimated as bet~1een 1961 and 1967., although the accuracy 

of this estimate does not have in itself a major effect on 

the conclusions. 

.6. Finally, it is assumed that there are in existence in 

the time period considered early warning systems capable of 

y The assumption of reasonable success of the scheduled 
engineeringcharacteristics affects~ for the most part, 
all the systems equally and does not produce any relative 
discrepancies. There is~ however, one exceptional case: 
JUPITER's nigh predicted accuracy when brought into con­
nection with hard point targets (paragraph 43). This 
possible exception has not been specified in the general 
conclusions of this study, If the results of this alone 
were reflected in the conclusions they would indicate that 
JUPITER is the most promising weapon for development. 
WSEG believes there is insufficient evidence to warrant 
such a decision at this time. 
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detecting approaching missiles and aircraft, and a communi- 1 

cation system able to transmit information and cornrn~~ds 2 

betl'/een the l'larning system, missile and aircraft bases, and 3 

the com~and posts. 4 

DISCUSSION 

7. See paragraphs 23 to 01 . 5 

CONCLUSIONS 

6 

7 

8 

9 

9. Ideally, a weapon Sj'Stem to be employed in the counter- 10 

force role should have. a su·i table CEP/warhead yield corn- 11 

bination, fast reaction and fast deli very time, loH 12 

susceptibility to destruction by surprise attack, high 13 

penetration c9pability, and good over-all operational flexi- 14 

bili ty. No single Vlea1:Jon system programmed llill have all of 15 

these characteristics: 15 

a. Man.'1ed aircraft have the required accurac~· and pay- 17 

lead capabilities; and constitute , the. onl;:: system con.,_:~;:.:-._ ::18 

sidered which has the desired· operational fleXibility. 19 

However, because of their slow delivery time, deC'reasing _ 20 

penetration capability, ru1d increasing base vulnerability, 21 

their utility in the counterforce role will progressively 22 

decrease. 23 
-

b. Ballistic missiles h'ill provide a very large i"l- 24 

prove-:neut in the comoined reaction/deli ver-:1 time and in 25 

penetration capability, and a potentially large improve- 26 

ment in base invulnerability. However, the CEP/yield 27 

combinations of the first generation missiles are 28 

- 3 - ~ISEG Report No. 23 
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inadequate for the destruction of the large numte:- of 

hard mili tar:,• targets Hhich will e.Xist. .ril so, their 

effectiveness will depend to a great extent on the 

quality and completeness of the guidance and targeting 

data. 

c. A~rodynamic missiles enco~pass a broad range of 

penetration capability, vulnerability, accuracy, and· 

payloatl. Generally speal:ing, the supersonic :missiles of 

t!"lis family have b_etter penetration capability and 

shorter delivery t:Une than manned aircraft •. However, 

they lacl: the operational flexibility. in..'1erent in manned 

aircraft, and their accuracy/payl-oad combinatiens are 

iaferior. f'.s compared to ballistic missiles, the aero-

dynamic missiles hav€ .better accuracy/yield combinations, 

imt their deli very. times and vulnerabilities ~rill always 

be higher. 

.;, 
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21 

b. Deficiencies .in accuracies and. payloads of first 22 

generation missil€s against small hard rnili tary targets 23 

l.imi t their utility for other than "a supplementar.r rol€ · 24 

to manned bomber systems for attacl{ins such· targets in 25. . . 

the time period under consideration (1961 to 1967). 26 

.£· The best means of attacl,ing a heavily defended, corn- 27 
. -

plex target system during the tim~ period ~>der con- . 28 

sideration is with a combination of·rnanned aircraft and 29 

ballistic and non-ballistic missiles. .Employed in the 30 

proper balance, they can: 31 
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(1) Complement one- another: - W~:apons can be 1 

assigned targets for \·thich they are individually best 2 

suited. 3 

(2) Have a reinforcing effect: - TI1e attack by 4 

manned aircraft can be preceded b~· the disruptive · 5 

effect of missile attacks. 6 

(3) Complicate the enemy 1 s defense proi:llem: - lhe 7 

di v~rsified attacl< Nould impose upon the defender a 8 

far more complex problem fro;n the standpoint ot early s· 
~;arning and active anci passive defense •. It is probably 10 

true that an active defense system. against ballistic · 11 

missiles will not defend against rnaru1ed bombers. The 12 

converse is, of course, also true. 13 

.£. lhe required level of attacks upon the large number 14 

of military targets and their cumulative effects may well 15 

0e sufficient, inthis time period, to cause the destruc- 16 

tion of the political and economic centers, as well. 17 

13 

19 

20 

21 

22 

23 

This is not· expected to occur in the time period 24 .. 
under consideration. 25 

12. Because of the. over-riding importance of weapon system 26 

survival capabili't"J', of fast 'reaction and rapid deli ver,y 27 

_ time .. to counter the ener:Jy 1 s growing_ capability to launch 28 

larger strikes in shorter ti.ine, it_ is considered that a 29 

significant improvement of our military posture lies in the 30 

exploitation of. the. growth potential of ballistic missiles. 31 
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13. ~· To insure the continued effectiveness of our '" 1 

deterrent forces, it is necessary that a sufficient 2 

fraction of these forces 0e in systems which have a 3 

very lo\"1 susceptibility to destruction 'Lly surprise attacl: 4 

~1d which retain a capability for effective retaliation. . 5 

T.~e threat presented by these forces alone must be 6 

gveater than the enemy is willing to accept to achieve 7 

his political aims. Tnis high degree of invulnerability 8 

to· surprise attac!: can be achieved through improved re- 9 

action tim~, dispersal, and hardening of .onr land-based 10 

S~'stems, and by tal.;:ing greater adva:1tage of ti1e mobility 11 

and concealment inherent in sea-lau.:-1ch systems.· 12 

/13 
;14 

15 

15 

j Failure 17 

so to progress .o1ght tempt a test cf our strength and 10 

intentions. 19 

~· Deterrence in lini ted war·, though 
y 

this report. 

very important, 

is not discussed in 

J7 TI1e foregoing princi;>les and conclusions have been 
deduced prinaril;;' in their application to general war 

. · In a ·11m1 ted 1·1ar, in re-
mote or.periphe~al areas, a greater requirement for 
flexibility, versatility, and accuracy of delivery of 
weapons would most p~ba'Llly excl~de the employment of 
long-range rniss:i.les anc:l most of the inten:Jediate-range 
I.Jallistic and non-balli:;tic missiles of the type con­
sideredc in this study. Greater dependence would be 
placed .on fa;:1ilies of shorter range \'leapons and manned 
aircraft deliveries... ;,s explained in parasraph_2, . the 
subject is not -discussed in this report. 
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SUJ~1JtRY OF THE 
HILI'f':,RY ;,DVAI~Tt.GES tJID DISiiDVANTJ.GES OF THE V;\RIOUS vlE:.PONS 

Manned f,ircraft 

14. 'lhe principal military advantages of manned aircraft 1 

are: 2 

~· Operational flexibility, 3 

b. Accuracy of delivery, 4 

£• High payload capacity, 5 

£. Established reliability, 6 

~· Reconna1ss~•ce capability. 7 

15. The disadvantages are: 8 

~. Decreasing penetration capability, 9 

b, Increasing base vulnerability, 10 

£• Long ·flight .time, 11 

d. Increasing system costs. 12 

Ballistic J11iss1les 

16. All of the strategic ballistic missile systems have 13 

the following general military advantages: 14 

~. Very i1igh penetration capability, 15 

£. Potentially low base vulnerability, 16 

c. Short· flight time, 17 

£, High growth potential, lEl 

17. The disadvantages are: 19 

"a. Relatively poor operational flehibility, 

·.b. Low deli veiJ' accuracy, 

. £• Low payload capacity. 

20 

21 

22 

18; Within the family of strategic ballistic missiles, 23 

there are important tOJilitary advantages and disadvantages 24 

or each: 25 

a. ICBM (located.within continental u.s.) 26 

(1) Advantages 27 

(a) No dependence on foreign bases, 28 
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(b) Short lo~istic support lines, 

(c) High s~rstem sec01rity. 

(2) Disadv~~ta~es 

(a) An attacl: upon the system draws fire on 

the U.S. 

b. IRBI·; (la.~d-based) 

(1) i1dvantages 

(a) Hill proviC:e earliest strategic ballistic 

missile capability,_ 

{b) Host favorable CEP/yield co::1binatio:1. 

(2) Disadvanta~es 

(a) Dependence on foreign bases. 

c. FB!•l ( submarine-la'.ll1ched) 

(1) Idvantages 

(a) Lowest susceptibility to pre-planned 

surprise attaci:, 

('.J) /ill attac:~ upon the syste;.J drav;s little 

fire on the u;s. a.Dd none on Allies~ 

(c) No dependence on foreign ba&es. 

(2) Disadv~tages 

(a) Relatively late s;,'stem availability. 

Aerodynamic ll'li~sil~ 

: .. 

-
1 

2 

3 

4 

5 

6 

7 
,.., 
u 

0 
-" 

10 

ll 

12 

15 

16 

17 

19 

20 

21 

19. Aerod~~a~ic missiles encompass a broad r~1ge of penetra- 22 

tion capabilities, mob:i.li ty, and accurac:y·. 1"he comparison 23 

of m:i..li tary advantages a.'1d Ciisadvantages of the various 

systems within the fa.uily is as follows: 

a. Intercontinental Svsterns 

(1) NAVAHO 

(a) Mvcntages 

24 

25 

26 

27 

28 

(i) Excellent penetration capability, 29 

(11) Good payload capacity, 30 
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(iii) 

(i v) 

Short flight time, 

Not susceptible to ECH. 

(b) Disadvantages 

(i) High system cost, 

( 11) Slo1~ reaction time, 

(iii) Lowest reliability. 

(2) SN:,RK 

(a) Advantages 

(i) Lov1est s:yste::J cost, 

(11) Earliest availability, 

(iii) Good payload capacity. 

(b) Disadva..!tages 

(i) Poorest Denetration ca.Dability, - -
(ii) Lov1 growth potential, 

(iii) Slm~ reaction time. 

b. Medium· Range Syster.1s 

( 1) 1"~1 TADOR B 

{a) Advantages 

(i) Transportable, 

(ii) Lowest S~'ster:J cost, 

(iii) Highest accuracy, 

(i v) Good payload capa::,ili ty, 

( v) Quicl:est reaction time, 

(vi) Diversified penetration capability, 

(vii) Relatively early availa:..'ility, 

{viii) Highest syste.in reliability. 

(b) Disadvanta~es 

(i) 

(ii) 

(iii) 

(2) TRITON 

Low gro-vtth potential, 

Dependence on forei~1 bases, 

Long flight tiine. 

1 

2 

3 

4 

5 

s 
7 

8 

10 

11 

12 

13. 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

·30 

31 

(a) Advantages 32 

(i) Excellent penetration capability, 33 
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(ii) 

(iii) 

(iv) 

(v) 

. (vi) 

(vii) 

Very high accuracy, 

Good payload capacity, 

High base mobility and concealability; 

Growth potential, 

No dependence on foreign bases, 

Short flight time. 

(b) Disadvantages 

(1) Highest system cost, 

(ii) Slow system reaction time, 

·(iii) Lowest system reliability, 

(~v) Relatively late system availability. 

(3) REGULUS II 

{a) Advantages 

(i) High accuracy, 

(ii) Good payload capacity, 

(iii) Base mobility and concealability, 

{iv) No dependence on foreign bases. 

(b) Disadvanta~ 

(i) Decreasing penetration capability, 

(ii) Slow system reaction time, 

(iii) Low system reliability, 

(iv) High system cost. 

RECOMl'I!ENDA TI ON S 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

20. That a mixed sys tern of ICBW s, IRB:t-1 1 s 1 manned aircraft 23 

and aerodynamic missiles be developed for employment by the 24 

U.S. during the period 1961-1967. 25 

21. That missile sites and air bases be hardened and dis- 26 

persed to the maximum extent possible. This may involve 27 

removal of radio-guidance antenna in favor of all-inertial 28 

guidance systems. 29. 
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22. 7nat l'!SEG be aut~orized to revieh' this re:)ort one ~'ear 1 

hence in the light of technological and other developments 2 

duri;:g the year. 3 

DISCUSSION 

23. 'l'he first part of this Discussion v:ill be devot::d to a 4 

forrnulation of the general .. requi-rerne:1ts that strategic 5 

deterrence imposes upon weapon systems. In case deterrence 6 

fails, the weapon systems are required to 11ave the ability 7 

to attacl: a variety of target .types. 'Ihe second part of the 8 

Discussion accordingly treats targeting considerations against 9 

the general background of the various deli verr;J systems. T.1e 10 

third and concluding part of the Discussion is concerned 11 

l'Vi th the military advantages of the various systems in 12 

situations of deterrence or-general war. 13 

GENER/,L REQUIR.El'-1ENTS FOR OUR FULL SYSTEfll OF WEAPONS 

24. In t:1e general strategic situation vlhich gives the 14 

tenns of reference to this study, our over-all system of 15 

weapons is required to have two functions: The first is to 16 

deter the enemy from law1ching war on us, by maintaining a l'T 

retaliator"J capability in being. The second ftcnction, which 18 

o~Jerates in case deterrence fails and a general \tar starts, 19 

is to ma;:l.inize the ·chance of survival of our po;;mlation a..'"1d. 20 

- national strength by stri!cins the enemy 1 s syste;n of v1eapons 21 

and power and Hill to figj1t. 'fue two functions are different • 22 

and impose requirements o:1 the weapon syste1~s that are so;;,e- 23 

times the same and sometimes differe1 t. '!!o tmderstand the 24 

bearing that this has on our choice of weapons, the generai 25 

requirements for strategic deterrence and for stri!(ing the 25 

ener.Jy' s 1-rea.pon system vrill now be spelled out. 27 

Reauirements for Strategic Deterrence 

25. Tne requirements for strategic deterrence are: 28 

- 11 - \~SEG R::jjcrt No. 23 
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a. The abili tj• to inflict damage on tar,sets of prinar:,· 1 

interest to the enen;y 1 s r.a tional strength such as his 2 

m:Lli tary, political, economic, and industrial centers 3 

and larger geogra,hical areas. 4 

b. This damage to 0e sufficiently massive to out1·1ei:;h · 5 

any conceivable advantage that the ener,y might e:A-pect to 6 

gain by the use of his mili tar-; po~;er against us. 7 

..£· The ability to stril~e with sufficient force in 8 

spite of an enemy 1 s attac::, delivered <•li th or ~;ithout 9 

1·1arning, arid in the face of active and pas:::,ive defensive 10 

measures on his part. Furthemore, strate.;ic deterrence 11· 

must not contain its own countemeasure b~' -i1aving its 12 

use so physically detrimental to us or to our friends 13 

that v1e would be the less lii{ely to use .it. 14 

d. The will to use our military power under appropriate 15 

circumstances to be evidept to our poteDtial enemy; no 16 

reliance to be placed on ciecei ving him in such regard. 17 

Requirements for General liar 

2S. The requirements for general war are: 18 

a. In case the 1~ar starts by a surprise a ttaclc launc!1ed 15' 

o;; ti1e enemy, we req1..:ire '.;;he p01~er of de stroj·ing whatever 20 

of military po'I'Ter re.:1ains as a further threat. 21 

b. In case the start of the war does not talce us by 22 

sur:_) rise, we require a s:;·stem for stril•in:; every element _ 23 
-

of the enemy 1 s mili ta~· strength, l'li th first priority in 24 

time and importanccglven to those weapons that are 25 

directed against us first. 25 

Over-all Reouirernents 

27. '.I'nere are general requirements for perfoming both the 27 

above ftmctions. The first is that our over-all system of 28 

weapons must have the ability to respond to our political 29 

intentions with minimuin co:1straint of their mode of use by 30 

physical 1:1.r.Jitations. This is promoted by: 31 

- 12 - WSEG Report Ho. 23 
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.. 
·a. Flexibility: ;, strategic v1eapon s~rstem has to 1 

e;~ist, exert its deterrent function, and ultil~ate1y 2 

operate in a political environme:1t, >-1!1ich may in the 3 

course of world events call for varyinc; orcers of t~reat 4 

a."Jd graduations of dete1•rence. ·5 

b. Proof Against False Triggerinc: ~1ere should be 6 

nothing in the physical cj1aracteristics of a deterrent 7 

weapon. system itself t:1at co·c:ld lead to its precipitate 8 

use. It should be .capa0le of deliberate ~1se, 1·1ithout 

sufferint; any important degradation. 10 

28. A further general requirement is the maintenance of 11 

a dynamic advantage over the enemy's 1'/eapon systems, never 12 

trusting a momentary superiori t~r having an ever-

developing program to anticipate chai1ge with change. 

T.'.RGETS, \·li.RHEADS, AND DELIVERY SYSTEr1S 

13 

14 

29 .. Having discussed the general requirements for a full 15 

syster.J of weapons, a second preli111inary step 1·1ill be tal:en in 15 

establishinG the relative military advantages or missiles 17 

anc other delivery systems. the 11arheads wj1ich are carried 18 

and the targets against wl1ich they are delivered ~lill be 19 

examined against the i.;ac!rground of the cj1aracteristics of 20 

tj1e various deliver-.)' systems. 21 

Characteristics of Deli very Systems 
-

30. Table I lists pertinent characteristics of the weapon 22 

syste:~s considered in this stud~·. 'TI1e perfonna11ce figures 23 

for r.1anned aircraft are talren from the.· references noted on 24 

the Ta:Ole, as is the missile data, whl:ch represeat the best 25 

available esti.J~ate of perfon:Ja.'"lce ai1d weapon yield. 26 

Targets and Weapon Effects 

31. Principal targets in a :;eneral v1ar are listed b~r 

function in Table II. 
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TABLE I 

CHARACTERISTICS OF VARIOUS WEAPON SYSTEHS 
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MAXD!LIM 
- RANGE (l.:ISSILES) 

RADIUS (A/C) 
(n. mi.) 

JJ.TITIJDE~ 
. (ft.) 

SPEED (rech) 

PRO:ruLSION 

GUIDPllCE 

ACCURACY 
(CEP) 

e 

.5500 

68o n.mi. 

23 

LiqUid Rocket 

Radio-inertial 
or 

All inertie.l 

BAIJ.ISTIC MISSILES 

JUPITE!l THOR 

1.500 

320 n.lti • 

16 

.Liquid Roc){et 

. 

Radio-inertial 
or 

All inerti ::!1 

FBM 
POLARIS 

. 1500 

300-400 
n.mi. 

16 

Solld Rocket 

All inertial 

=J Perfo=ence figures for manned B.ircrai't are taken :from: 
USJ!J> Green Book, Standard Aircraft Characteristics," 
15 )~arc$ 19.57; and USN "Characteristics S=ary, U.S. 
Navy Aircraft," e.nd information provided by OPNAV (OP-551). 
Missile· data is based on "Black Book" iD:for=tion pi:'Ovided 
to the OASD {R&E) by the three Services 1 de ted January 19.57. 

------ - __ .., 

1500 at lo ,0001 
.550 at noo I 

.500-40 ,00) 

·9 

Turbojet 

Inertbl-A..'"'RAN 

"E./ USAF e.ircra 
1ov alti tud 
iE incorpor 

c/ Radius of t: 
2; per ceDt 



TABLE I 

C::AR\CI'DI sncs OF V.!-'l.IOUS \,~;::.roil SYSTE:l·:S 
~ 

NOR-BALLISTIC ~:ISSILES 

B S!lA...'P.K I1AV .:.JlO :rm::; ULUS II 

000' 5500 5500 500 at !·1 2.0 
0' 3500 vith in- 1000 at Il • 94 

crease payloo.d 

52,000 Bo,000-90,000 60,000-70,000. 

.94 3·25 .94 - 2.0 

Turbojet Rocket-boosted Turbojet 
Ramjet Cruise 

A."' Stellar- Inertio.l Inertio.l 
inertio.l 

F aircraft ranges are for high a.1 ti tude profile. The 
·altitude profile ie not given but the si&Dificance 
iDcorporated iD the body of the report. 

TRITOll 

1200 

70,000 

2.7 

Rocket-ooosted 
.R8Illjet Cruise 

Inertia.l-ATRAN 

ius of tbeee carrier aircraft can be extended approximately 
per cent by ODe refuel.ing. 

'" 

B-47 B-52 
D E) 

4545 5520 
( 2 refuelings) (2 refuel- (2 

ings) Im 
1-l 

37,350 45,6oO 5< 
M 

. 74 .78 
~ 

"' 
Turbojet Turbojet 

~ Altitude given for baJ 
trajectory. Altitude 
craft is altitude fer 

';/ The lever value of waJ: 

value. The up_:>er vo.lt 
the time period under 



II.AJllED P.IRCT\AFT 

-B-47 B-52 B-58 A3D-2 
E/ £1 

4545 552C 2~0 Unrefueled 
2 refueliogs) (2 refuel- ( 2 refuel ings) 

inss) Incl. 200 n.mi. 1550 
J.l l. 5 dash 

37,350 45,5oO 52,000 vi th 37,200 
M 2 Dash 

.74 .78 • 93 Cruise .89 
2.0 Dash 

A4D-3 
c - Unrefueled 

940 

37,500 

.89 

Si;i£6,, 
V*SiJf'f$#: iiJii!31 

Povered 
A3J-l B-58 POD 

c - &J Class Unrefueled 
l050(vith 100 II 

300 n.z:d. 150 .. 
dash at 
111.3) 

51,000 105,000 

.9 Cruise 4.0 
1.3 Dash 

Turbojet Turbojet -Turbojet Turbojet Turbojet Turbojet -Liquid 
plus plus 

Ai'terblL""Der Afterburner 

--- --

~ Altitude given for ballistic missiles is apogee for maximum range 
trajectory. Altitude for non-ballistic missiles and manned air­
craft is altitude for high altitude run-in on target. 

=I The lover value of warhead yield for missiles is the programmed 
value. · The up~er value represents the grovth potential vithin 
the time period under consideration. 
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T:,BLE II 

J.iissile Sites 
Aircraft R...tr:liays 

Strategic l<ircraft ( s;1e:!. tered a."ld 
exposed) 

Commanc Ce!1ters 
Communication Systems 

Ground-to-air missile 
Establishments 

Fighter-interceptor 
!·'l:~.li ta.~:- ':

1actical Establ~s:"L"'!lents 
1·;..,oops 
J.!aval Units 

Submarine Pe:1s 
Naval Bases 
Ha.rc:ieneci Storage Sites 

Logistic ( uarticularl" stockpile) • J 

Storage DJ . .-;Jps 
Oil and Oti1er !1111 tar-.)' In-

dustry 
Transportation 

Govem:nen~ Control CenterE 
City Populatio a 

. 
Factories 

Political . Storage Sites 
and Economic Industrial Transportation Systems 

Power Systems 
Mining Operations 

Rural J,reas PopulationY 
Agriculture 

I " ~ 
,_, . 

~ The cons~derat.Lon O.L .... 1e oestruct~on of cities as well 
as of various civilian targets is relev~1t to the present 
Re:)ort notui thstanding certain formulations of general 
United States polic:;:·. '.1.~1e information is applicable to 
o~r o;m weapon systems under variable" policies, and to 
o~r potential enemy 1 s 1·reapons ~rhen used aGainst us. In 
the latter connection, it may be emphasized that the 
whole Report can perform the.function of setting forth 
l"lhat we have to fear from an: enemy mal:inG a rational use 
of a system containing balli_stic and ot;1er missiles. 

32. From the points of vie;~ of vulnera0ili ty and size, 

there are, as shown in Table III, four main classes of 

tar:;ets: small hard, small soft, intermediate soft, and 

large soft. 

- 15 - \/SEG Report No. 23 
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Hard 

Soft 

TABLE III 

.TARGET GROUPS 

Small 

Missile Sites 

Aircraft Rum~ays 

Sheltered Aircraft 

Comr.Jand Centers 

Governmental Control 
Centers 

Submarine P· . .ms 

Hardened Storage Sites 
( Stocl;pile) 

Industrial 

Aircraft on Field 

Ground-to-air Hissile 
Establishments 

Fighter-interceptor 
Esta'.:>lihsments 

Electronic Gro~nd 
Environment 

Inter:nedia te 

Cities 

Communication 
Systems 

Naval Shore 
Establish­
ments 

Troops 

Large 

Geo­
graphic 
Area 

1--------------~----------------------J-------------~------~· 

33. The da.'":lage produced 0y a nuclear explosion is the com- 1 

posite result of blast, heat, prompt radiation, local radio- 2 

active fallout, and de)osition of radio-to;dc material 3 

(chiefly sr9°) in the soil of the country attac!ced. (It is 4 

of course unnecessary to go into the quali·i;ative and quanti- 5 

tative details of each of these effects i:-1 t;1is place, since S 

accounts of these are well !mown; cf • ./iFS'dP TH 23-200, SECRET . 7 

RESTRICTED DATA; also vlSEG Staff Study No. 37, TOP SECRET, 8 

RCSl'RICTED D:..Tt,,) 9 

- 16 -



31.;., 1:1 addition to tl1ese localized effects, t!1ere are 

;;o:-ld-1ride results of t:1e radioactive conta;:J1.i1ation cf .large 

po:-tions of the earth's atr:10sphere and res"L:lting 1'iidespread 

falJ.o'.lt, v:Hh potential ca::Jger from i!lgestion or, possibly, 

t::rough ;;e:1etic influence. \'Jhile these effects are slight 

;;::_ t:1 :)resently conte;:;pla ted scales of a ttac2:, the~' nay not 

ah;a7s r&.::::in so upc:1 t:1eir increase, a.116 s:1o·c!ld never ";.;e 

lost S , r .• ,1-.+ or' 
--c.~..~.~ • !1oreover, locally, in the ~)order regions of 

some of our ;,llie s, suc:1 ·effects· ·Ll?-Y reach da;1::;er-ous proper-

:'!, 

l 

2 

~ 

.) 

4 

5 
,. 
v 

7 

" (.) 

C' 
~ 

tions. They eor.lc, · tl1crcforc, into focus u . .>1dcr tllc rcquirencnt 10 

·that a systei:J should no·;; contain its o•m cot!.nter:neasure. ;u'"ld 11 

it must be emphasized that a::~' agency of strategic. retaliatio!l 12 

1·rill fall short of :-:Jeetin:; t:1is req'.lirement to t:1e extent 13 

that (in spite of its actual safety) our ;1ationals believe 14 

that it probably constitutes a real hazard to ourselves. 15 

35. Blast a1'16 earth shoe:, are the most im;_)ortant weapon 15 

effects for .the destruction of small tar::;ets, ootl1 soft and 17 

hard. For intemedia te soft targets, blast 2.116 local fallout 18 

are t:1e pri;Jarj' effects, with ther:nal ra6ia t:i.on contri but in;; 

to a lesser e;:tent. Tne onl;:' significant effect o!l rural 20 

areas is fallout. 

Force Reouire1:1ents of tl!e Deli vei"J S· st·e;:Js for :.ccornvli shin, 
arious Hissions 

35. •raCle IV presents 
~I 

the nu."TT·..:.:e:' of successful 1·;eapons 

21 

22 

of eac!1 type lih:i.ci1 must ~e delivered to acco;;1plisl1 each of 23 

four primary missions, ci1osen to represe11t t;1e four major 24 

ca te;ories of tar<;ets. TI1ese missions are: 25 

~' For ti1e purposes of this report, a "successful weapon" is 
defined as: a missile or 0omb which has S'.lrvived all enemy 
action and has had no launch, flight, or fuzing failures, 
and ~s subject only to ti1e random deliver:• errors descri0ed 
b:' ti1e CEP. 

2/ See footnote EJ to Ta"Jle II, page 15. 
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TABLE IV 

NUMBER OF SUCCESSFUL w-;EAPONS WHICH MUST 
BE DELIVERED TO ACCOMPLISH VARIOUS MISSIONS 

• 

- 18 - WSEG Report No. 23 
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3LE IV 

~ BE DELIVERED TO t.CCOI·:FLISH VP.'UOUS l·!ISSIONS 

Destruction of Hurd (100 psi) Delivery of 1000 ~IT 

Point Target (Fallout ~tlssion) 
(Prob. of Destruction) 

.l .2z .5 -75 ·9 

12 34 8o 16o 270E/ 

1 l 2 4 6 

2 5 13 25 4,;p; 

4 ll 26 52 ar)J 

1 1 1 1 1 

l 2 5 10 16 
. 

1 2 5 10 16 

l 1 1 2 3 
-

l l 1 1 1 

1 1 1 1 1 

1 1 1 1 1 

1 1 l 1 1 );-) 
Ill .., 

1 2 3 7 ll 0 s:: .., 
0 

1 1 l 3 4 0 r.. 
Cl 

l l 1 2 3 Ill 
Cf.l 
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TPBLE IV 
. ~ 

m.Jl.ffiER OF SUCCESSFUL HEAl'0!1S '.JEIC!l EUST BE D::LJ:\•. 

DestrUction of City D~struction of Soft (3 psi) 

Population Point Target 

xp:cted Fraction Destroyed) (Prob. of Destruction) 

.25 .5 .75 ·9 .1 .25 ·5 ·75 ·9 

2 4 7 12 1 1 3 5 9 

1 2 3 5 1 1 1 1 . 1 

1 2 4 6 1 1 1 1 2 

1 2 5 8 l 1 1 2 3 

1 2 3 5 l l 1 •1 1 

1 l 2 3 1 1 1 1 1 

1 1 2 3 1 1 l 1 1 

l 2 3 5 l J, l l l 

l 2 3 5 l l 1 l l 

1 l 1 1 1 1 1 l l 

1 2 3 5 l 1 1 l 1 

l l .l 2 1 l l l l 

1 2' 3 5 1 1 1 1 1. 

1 l l 2 1 1 l 1 1 

l 1 l l 1 1 1 1 l 

success:ful weapon," see footnote !:;.',page 17. 

rement in certain places merely em9hasizes that 
as not bui1 t for that.· purpose and ;implies no 
-ystem. 



Destruction of City 
Ponulation 

WEAPON (ExpJcted Fraction Destroyed) 
.l .25 .5 ·75 ·2 

ATLAS/TITM! l .2 4 7 12 

JUPITER l l 2 3 5 

THOR l l 2 4 6 

.POLARIS 1 l 2 5 8 

MATAOOR B 1 1 2 3 5 

SNARK 1 l l 2 3 

NAVAliO 1 1 1 2 3 

REGUI.US II l l 2 3 5 

TRITON 1 l 2 3 5 

B-52/47/50 l l l l l 

13D/A4D/A3~ l l 2 3 5 

II " n l l l l 2 

_Po.;rered :iHS i l 2 3 5 
n " " l l l l 2 

" " " l l l l l 

~ F·or definition of "successful weapon," see footnote 1 I 
~·; 

£1 The excessive re~uirement in certain places merely em_f)h! 
the weapon system vas not built for that· purpose and jl;l; 
derogatlon o~ the system. 



b. Destr.tction, vri ti1 a specified prol:>abili ty, of a 

soft (3 psi) point target. 

~· Destruction, with a specified probability, of a 

hard (100 psi) point target. 

d. Area fallo~t delive!'Y. 

3 

4 

5 

T:1e vah>.es in Table IV are 'Jased upon the vreapon character- 6 
§) 

istics (CEP and 1~ar:1ead yield) stated in '.L·able I and 7 

upon 1·1eapon effects data fror.1 J,FS1t/P TI-1-23-200. For area 8 

fallo·..:t, we have presentee; tl;e n11:nber of \'leapons needed to 9 

7hese numbers are to iJe interpreted 10 

in li.;i1t of Figure 1 (based U;.JOn \·lSEG Researc:1 J.lemorancut:J 11 

No. 3) vrhich shows the m:unbers of radiation casualties ex- 12 

pected fror.J well directeC: fallout ca:npaignc. 13 

37. He must emphasize that 'I·able IV expresses solely the 14 

n,_un·;)er of succe ssfu.l 1·reapons ;~hich must be delivered in the 15 

target area. It specificallyexcludes important con- 16 

siderations such as system reliability, attrition due to l'i' 

ene:>Jy action, the time that is required to accomplish the 18 

mission, and the costs of tl1e various sytems. 19 

OPER!.TIONAL CONSIDERI\TIONS: G;UICK RESPONSE 

38. In order to develop the role .of the various weapons 20 

considered Vli_th respect to the national defense, it is 21 

r:ecessary to examine t:1eir use as a deterrent and their 22 

employmen~ in war. The recuirements for strategic deterrence 23 

have ',)een· treated earlier in the Discussion, and the re- 24 

lation of targets and 1·rarhead effects in the section just 25 

. 2~ concluoed. There remain the most severe requirements im- v 

posed ·:Jy the need of stri!ting bac!-: promptly at the enemy's 27 

mili ta:z:: power with sufficient force. 28 

§) For weapons \~hose yield is uncertain, we have co;"l­
sistently chosen the lovrer yields of t:1e ranges sh01-m 
in 'l'able I • 

- 19 - l·ISEG Re:;>ort No. 23 
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39. During the time period of concern in this study the 1 

enemy Hill ;)e unlil:ely to brin;; all of his ueapons to bear 2 

against us in an initial concerted attacl:. He would be 3 

unlil:ely to get off all his ICBIVI 1 s in the first ~;ave. Some 4 

portion, which diminishes 1·1i th time, will pres:.:mably remain 5 · 

1.mcc:nmi tted. Similarly, v;i th manned aircraft and aero- 6 

d~'narnic missiles~ he is unli!:ely to launch his entire force 7 

in his cp,ening strilce. Since _the preservation of our people 3 

and our national strength is of paramount concern, the tasi: 9 

after an assumed first attacl: on us is to prevent further 10 

injury. 11 

Ballistic Missiles 

40. Because of the short ·cime required for readying them 12 

foilm;ing the execution order and their very short time of 13 

flig:1t, ballistic missiles are eminently suited from a 14 

time standpoint_for this initial task. But becauseof their 15 

comparati vel:;' lol~ war:1ead yield and rather large CEP I 16 

ilallistic missiles cannot be counted upon to do more than 17 

temporarily neutralize some ofthe categories of target 10 

shmm in the list in the follo~;ing paragrap:1. (Thic con- lS 

cept of neutralization will be set forth here anC: in 20 

succeeding paragraphs.) Tne period of neutralization can 21 

be sufficiently long in some cases, hov;ever, to allow time 22 

for manned ~ornbers or aerodynamic missiles possessing better 23 

acc;.!racy and carrying higi}er yield 1-Jari1eads to mal:e their 24 

flig:1t and attacl: in stren.sth with a higl1 pro'::labili ty of 25 

destruction, t:1ereby minimizing the threat to the U.S. from 26 

follow-up strilces. 27 

41. The principal elements of the eriemy 1 s remaining forces 28 

w:1ich ~;ould be involved in carrying out follow-up strilres .. :• 29 

are: Long Range_ Air Force command control centers, IC:EM 30 

launching sites, aircraft staging bases, Long Range .~ir 31 

- 21 - \·JSEG Report No. 23 



Force home bases, govern::1ental control centers, and national l 

atomic stoc!;pile sites. Timely and successful attacl( 2 

against all of these targets \~ould guarantee the blunting 3 

of ever; major element of the enemy 1 s remaining striking 4 
11 

power. 5 

42. Long Range Air Force command control centers, govern- 5 

mental control centers, and national atomic stoc!;pile sites 7 

are small, hard targets Hhich, to be damaged, vrill require · 8 

a rati1er large number of IC3!1 1 s. Tnis fs a result both of g 

the hardness of the target and of the CEP of the IC:E1L 10 

In the period under consid~ration the CEP of the ICB>l is il 

pla.rmed to .be and the yield 12 

the reasonable assumption that these targets are hardened 13 

so that 100 psi overpressure is required for their destruc- 14 

tion, t;1en, as shovm in Table v (an extract of Table IV) I 15 

for 50 per cent probai.lili ty of destruction enough ICR1 would 16 

need to be assigned to insure the delivery of 80 successful 17 

missiles. 18 

43. fm improvement in CEP to the accuracies planned for 19 

· POLARIS, THOR, and JUPITER would rnarlredly reduce the 20 

number of missiles reql.tirec}. From Table V it ·is noted 21 

that the numbers of successful weapons required for 50 per 22 

cent damage probability are, respectively, 25, 13, and 2. 23 

Even vri th their CEP of . POLARIS a11d THOR are not• 24 

suited for employment against 100 psi targets. ;, reali-·· 25 

zation of CEP for JUPITER would allow serious 26 

consideration of this missile for use against ·small, hard 27 

· tarc;ets (See, hm"lever, footnote y, page 2, , . ·rn .. par~:-:1- 28 

:;rap!1s below, which deal trith JUPITER·; this matter will not ·.29 

again be mentioned,) ·. 

]} vii th the exception of suJ.narines and other naval units 
l·thich are not considered here. 

\lSEG 1JB'!'t 
-- -----~ 
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TABLE V 

' . ' (EXTRACJ.r FROM TABLE IV) 

~ 
NUMBER OF SUCCESSF1JL WEAPONS HHICH MUST BE DELIVERED 'ro ACHIEVE PROBABILITY OF DAMAGE INDICATED 

SMALL SOFT TARGET SMALL HARD TARGET '' 
. (3 ;psi) (100 J2Si) 

• J 

CEP '' 
YIELD, Mr Probabilitl of Destruction {~l Pr~babi1itl of Destruction (~l 

10 25 50 75 90 10 25 50 75 90 

~ '· 
ICBM (ATLAS, TITAN) 1 1 3 5 9 .12 34 8o 16o 270 

IRBM (THOR) 1 1 1 1 2 2 5 13 25 42 

IIUlM ( JUPI'l'ER) 1 l: ·. :1 1 1 1 1 2 4 6 

FilM (POLARIS) 1 1 1 2 3 4 11 26 52 86 

'!:/ For definition of "successf'ul weapon," see footnote 4 1 _pnge 17. · 

' ' ., 

t. 



44. Tne ICB1 1s com;.>are more favorably ~lith the other "1 

systems ;·;hen their ability to neutralize the soft cle:ne:1ts 2 

of air bases is considered. Staging bases and Long Range 3 

i.ir Forces are vulnerable mainly through their aircraft 

and through the effects of radiological contan11nation on 

personnel. 

45. Disruption of the enemy-'s staging bases Nould mean 

that during the period ;·;herein they were inoperative he . . . 

Hould be restricted in delivering 1·rarheads by aircraft to 

4 

5 
,. 
u 

7 

8 

9 

the use of his heavy, long-ra.:'l.ge bombing forces. Hediwn 10 

bombers, which must sta.:;e in order to rnal:e ro-...tnd trips, 11 
. 

would not be· available to him during this interval. He · 12 

could, of course, resort to one-way missions for mediums, 13 

but short of this type of employment the enemy's air threat 14 

to U.S. targets in terms of numbers of aircraft might be 15 

reduced by as 111uch as ·50 per cent. 16 

· -46.- Attaclcing·the enemy 1 s·Long Range J,ir Force horne bases 17 

would bring under attacl: some portion of the enemy's heavy 13 

bom:-;er force. :,ircraft on these bases could be temporarily 19 

. imr:Jobiiized, but it should be pointed ciut that significant 20 

_numbers of them could have _been deployed t9 alternate and 21 

satellite fields and consequently might escape the initial 22 

U.S. ICBM attack. 23 

47. A blast overpressure will cause quite severe 24 

da'llage to bombing aircraft·. This .overpressure applied to 25 

an airfield ~till insure that any aircraft found on it will '26 

0e unusable for' a :period sufficient to allol'l retaliating 27 

__ . rnanne.d_ bornbers._to~ arrive an_d complete the- airfield destruc- 23 

tion. 29 

. 48. ~his overpressure \·Till also destroy any ballistic 30 

missiles which may be exposed on their launc:1ing pads and 31 

may damage the cranes used for posi ti_oning them. 32 
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49. :, probability of 50 per cent of ac:;,ieving the al!ove 1 

type of damage to·aircraft bases and unhardened ICBM sites 2 

is attained by assigning ICB1, to such targets so that 3 

t:1ree successful missiles are delivered. In the case of 4 

the I:il.l::<:. a single successful missile is sufficient and 5 

will, in fact, result in greater than 50 per cent probability ·6 

of damage. · 7 

50. He conclude from ti1e above tl1at it is appropriate to 8 

assign· ICBM to the airfield and unhardened IC~ site targets 9 

and the IHEM a!fd F.E'M to the control center targets. 

Aerodynamic russiles. 

51. Al1 appreciation of the very important advantage 

mentioned earliel' which ballistic missiles possess in time­

liness of delivery over other delivery means is gained by 

a rough comparison of the times of flight involved. ICB1 

flight time for ranges. in the. neighborhood of. 5500 n ·:mi. 

is..abou:t one-half hou:r ~rl:lile . .IBEM flight times for.distances 

of 1500 n.rni. are about 15 minutes. 

1 Subsonic missiles 

(SNARK) and bombing aircraft require even longer periods,: 

from 6 to 12 hours when launched from U.s. iJases .. Airplanes 

of the era of concern flying from aircraft carriers will 

have ma;drnum radii of approximately 1500 nautical miles: 
. 

and would require about 3 hours of fli&1t to reach targ~ts 

at this distance. 

- 25 - I'IS:CG R~eport No. 23 
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SHARK 

N,WAHO 

E-47 

B-52 

B-5~ 

3 

1~ 

TAELE VI 

FLIGHT TD1E IN HOURS 
OF SEVERAL DELIV.C:RY Jl'lEANS 

FROJ1 CER'ri.IN B/1SES 

. 4-k 

- . - - -- . ·-

7 10 

2 3 

9 12~ 

st 12 

6t 9t 

y B-58 assumed to fly supersonically while over enemy 
terri tory. 

Neutralization 

1. 

2 

3 

4 

This Planned rate of launch, plus short de-} 5 

···livery trme~ gives the L:lall:tst~ missile a unique. advantage 

over all other means of warhead deli vei"J in situations 

w:1ere quicl~ reaction is a primary requirement. This· ad-

5 

7 

8 

vantage is one'which oallistic missiles will maintain in 9 

the face of even marlced advances in the performance of 10 

·. rnarmed uombers a.11a -.aerodynamic missiles. 11 

54. In conclusion, during the initial period of the con- 12 

flict \·Then the requirement is for the fast delivery, the 13 

ba.ll1sti.c-miss11~ ~is the only vehicle which provides that 14 

capabili~·, However.; the destruction \-;hich it ca ... ; accomplish 15 

is greatly limited by the large CEP of the early missiles. 16 

The majormilita~~ .mission of the ~allistic missile at 17 

... · .... ~ ~.... . -..... ' -- - 26 - HSEG Repo:Pt No. 23 
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this time must be· destruction of soft bases and soft co::r- 1 

po:1ents of bases together 'l'tith disruption at hard installa- 2 

tions. The more complete destr.1ction of hard enemy 

installations must be left for more accurate delivery 

vehicles. 

OPER:.TIDNiiL COHSIDERJ,TIOI-;S: ~1ASSIVE FOLL0\1-UP STRIKE 

3 

4 

5 

55. '..:'he role of the ballistic missile in disrupting and 6 

retarding· the enemy 1 s ef·forts at mounting follo11-up stril:es 7 

is a vital a.'1d indispensable one, i:lut is not in itself 8 

sufficient. 'lliere must be a su::;seque:1t·attack in strength 

':Jy vehicles 'l'thich are capable. through a com'oination of 10 

better acct:racy and higher :rield warhead of causi:JS com- 11 

plete destruction of those elements of the enemy's striking 12 

povrer 1·rhich remain unt:seci. 13 

:,ccuracy and Payload 
. 

55. ·In paragraph 43 uas pointed out the num'oer of success- 14 

ful 'oallistic missiles required for destruction of small, 15 

hard (100 psi) targets. 'lne numbers of successful missiles 15 

required to achieve 50 per cent probabili ~~· of destruction 17 

of such a target are 80 IC3!-1 1 s, 26 POLARIS 1 s, 13 THOR 1 s, . w 10 

and 2 JUPI'l'ER • s. lS 

57. Fro~ Table IV of the preceeding section we note that 20 

the aerodyna.11ic missiles SN:.RIC and NAVAHO are able to . 21 

achieve this result ;oy deli veri.'1g five Sl!ccessful missiles·. 22 

while in the case of the aerod;)'Ilamic MATJJX>R a single 23 

sc.ccessft:l missile suffices. Any of the manned bomber 24 

systems require successful delivery of but a singl~ bomb. 25 

This disparity in the nm~ber of warheads required between 26 

the 11on-ballistic deli ve!"J means and. the ballistic missiles 27 

OQl Of course, these ·comparisons are only meaningful wh-en·. 
targets attacke.d are 'l'ti thin range of the internediate 
rant;e missiles. 
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is seen to be mar!ced ir. t}>e case of small, hard targets, 1' 

but is also to be noted in the case of city population 2 

targets. 3 

58. \le conclude, therefore, that ballistic missiles are 4 

u:1sui table for the destruction of the hard targets 1·1hich 5 

constitute most of the elements of .the enemy's unused 6 

stri!~ing poHer, by reason of the large number of them re- 7 

quired, and that manned combers and certain aerodynamic 8 

missiles are probably v1ell sui ted to this tas!:. g 

59. Table IV is valuable in that it affords an appreciation 10 

of the efficiency of the various l'le_apon systems expected to 11 

be available in the time period under consideration. It 12 

does so by ta!cing ·.into acco;_mt their load-carr-ying abilities 13 

as well as their estimated delivery accuracies, but it does 14 

not "consider certain other factors which, ta!-ren y;i th these 15 

' bro considerations, are necessary to the selection· of an 16 

o:)tiJnum weapon system for destruction of a partict.!lar type 17 

of target. 10 

So. \'/hi1e we can derive from Table IV t:1e conclusion ls; 

that manned bombers and aerodynamic missiles are better 20 

sui ted to ma!<in~;. the a ttacl~ in strength which· follows the 21 

initial quicl: balliptic missile stril>e, l'/'e must tal< e. into 22 

account factors other than accuracy and l'larhead yield when 23 

we attempt to point out the advantages of delivery means 24 

v·1i thin these classes. 25 

Vulnerability at Target 

61. The manned bomber possesses the best accuracy and 25 

carries the. greatest payload of any of' the delivery means 27 

here considered. Its CEP is of the order of 

and the yield of its payload is sufficiently great so 29 
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that it is possi!)le to equate one bomb \1•ii:h one target. 1 

Yet, 'because of the man;,• factors (such as iraprovement in· 2 

defense, etc.) which act to decrea::;e the chance that a 3 

particular bomber in the inventory will ever deli 'ler a 4 

bomb on a target Hi thin enemy terri tor;, other wea;,>on 5 

systems which are markedly inferior in the accuracy of their · 6 

deli very and in yield of th_e~eads are able to compete 

with manned aircraf~employment against certain targets. 

7 

8 

9 

10 

11 

T.1e defenses about these cities· 12 

vrill 'be extremely strong a.'"ld the e:>.:pectation of S"Llrvival 13 

of a bomber attemtping to penetrate them in order to arrive 14 

at a. bomb release point may reach a rather low value. To 15 

insure that a single bomber \·;ould survive to drop its bomb 16 

might require an inordinate number of bomi.Jers in· the in- 17 

ventory when compared \"ri tl1" the nurni.Jer of aerodynamic missiles 18 

required to accomplish the S?Jlle tasl~. 19 

···-··--- ·--- 63. Thus, the-aerodynamic-missile NAVAHO Hhich carries a 20 

smaller yield warhead and w:1ich is capable of iess accurate .21 

delivery than a manned bomber may nevertheless be a more 22. 

appropriate \·;eap'ori to use a:-:;ainst targets of this t~·pe 23 

because of its better chances for survival. N:,VAHO cruises 24 
, 
" at altitUdes considerably higher than those of \"lhich the 25 · 

man.'"led aircraft are capable ·and also cruises at a speed 

several times the speed of ~ound. The enemy \"lill be re- 27 

c;:uired to ;nal:e substantial ~provements in ti1ose of his 28 
···---·-

defenses designed to cope \"[i th. subsoni~ and transonic 29 

'bombers in order to upgrade their performw>ce to a point 30 

uhere they can offer any sig..>fficant threat to NAVA.liO, 31 
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64. D...1e to the trend of increasi:1g effectiveness of the , 1 
' 

defense relative to the· ability of the manned bor:Jber to 2 

defend itself, it may 0e expected that the usefulness of 3 

the manned aircraft in attacking heavily defended targets 4 

~rill decrease during the period of concern in this study. 5 

6 

7 

8 

9 

Tnis follows as a result of the 10 

accuracy with which a manned aircraft can deliver its ~tar- 11 

head and the .conco:ni tantl!r fewer warheads l'equired in com- 12 

parison with other syster:Js. 13 

· ·· · .. 66·;- In- a case· such as··this ·'where the accuracy of deli very 14 

of the manned bomber is an order of magnitude greater than 15 

that of Nf,VAHO, the ma.,.,.ned aircraft ·possesses an advantage 16 

1·1hich is not easily overcome iJy even a mar:reci decrease 1n 17 

vulnerabili t:,•. 18 

67. Heap on sy.,stems, in the order of decreasing vul~era~ili ty 19 

at the target, are: subsonic vehicle; supersonic vehicle; 20 

and ballistic missile. •ractics such as flying low, electronic 21 

countenneasures, and decoys greatly reduce the vulnerability 22 

of the subsonic vehicle, while technological developments, 23 

especially in the surface-to-air missile systems, are likely 2# 

to maJ~e the aerodynanic vehicles increasingly vulnerable. 25 

:3all1stic missiles will rer.1ain practically invulnerable 26 

until 1965. ~7 

Fle::::ibility 

63. The great adv~1taze of the manned bomber in comparison ·28 

\'l'i th any of the missiles is that it carries a human 29 
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intclli.:;ence. TJ:lc require:·.1ent fC">r hu:.1an operators results .1 

in an ae:rodyna;:1ic perforuancc penalty to tl:~ bo~.1bcr, but 2 

there: arc nevertheless ;:1anifold advanta:;es to be gaine:d 3 

by '~heir presence in an attacl~ ·:chicle. Pcr:1aps the: !:lost 4 

valuable: aspect of the presence of hur.1an operators is t!1at 5 

it allo1~s reaction to conditions found in tl1c target area. 6 

whic_h arc different fro:.: those "-'lt.!.cipatcd. Another vcr~-

useful function that hu:·.1an operators perforr.l is recon-

7 

8 

naissancc. They bring bac!{ evaluated infornation concerning 9 

bo~.:b drop locations, tar;;ct destruction, enc;-J~' defense 

dispositions, etc. 

Vulnerability at the: Base 

10 

11 

69. In order to Dect the rcquire;:Knt for survival of 12 

our nilitary strength in the event of a surprise attack, 13 

a nunbcr of protective Deasurcs can be tal:cn. These include 14 

the dcvclopnent of early warning with quick-launch or fly- 15 

a1·1ay capability, and hardening or nobili t~, of the. launching 16 

bases. As a oattcr of fact, in the era when the enemy 17 

possesses a ballistic r.lissile system conparable in accuracy 18 

to cur own first generation systcrJ the r.1ost effccti ve 19 

protcctiQn of our land bases is likely to be obtained by 20 

hardening and dispersal. 21 

70. Ballistic and acrod~'na:·,Jic r.lissile sites because of 22 

their cellular configuration can be more readily hardened 23 

and would thc"refore be less ·attracti V'- as targets than con- 24. 

ventional air bases. The very large nur.1ber of ballistic 25 

missiles required to destroy a hardened nissile site is 26 

indi-ca'ced in Table V. (See colur:m headed "Destruction of 27 

a Hardened Point Target" in the "ATLA.$/TITAN" row.) This 28 

nu:.1bcr is· so large that it is unlikely the c:ncmy would 29 
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21 
attack such sites. , 1 

71. In contrast, the individual conve:ntional air bases 2 

represent such concentrations of r:;ilitar:'! force that it 3 

is alnost inpossiblc to protect thcra adequately so that 4 

they becor.1c una ttracti vc targets. Even wi t:1 t:1c success 5 

of the alert force concept no· r.1orc than ;>f the 6 

force could get into the air prillr to the arrival of 7 

ballistic r:lissi2.es and no r.1orc than 8 

additional could talw off prior to the arrival of manned 9 

boc1bers even· if they were hardened. 10 

72. The sea-launch systc::1s utilize to a large extent '11 

nobility and/or conceaJJ:1ent for_their protection, Con- 12 

ccalment, in the case of: subT;Jarinc-launch s:,stc;as, r.1akcs 13 

..... tl1en probably the. raost nearly invulnerable .~auncl1ing "bases" 

. of any of' our deli very sirstews. 

COST 

14_ 

'15 

.73. While it is true that the: choice of a weap<:>n s~'stcn 16 

for attack of a particular target raust in r.1any cases be 17 

nade pr~~ari1y without regard to econonic considcrati~ns, 13 

there arc nevertheless nany situations, all other things 19 

being equal, in which the choice is more appropriately nade 20 

on these grounds. 21 

74. A choice based en econonic factors depends in turn 22 
" 

upon a detcrninatior. of force requirements to 'll'hich·. cost 23 

'cstir.lates··tlay be attached. ·The factors Vlhich enter into 24 

a dctcrnination cf force requirer.1ents include: 

a. Availability {or "in-co=ission")· rates of air­

craft and nissi1cs. 

b. Probability of surviving the initial encny attack. 

2( We must caution that current plans de not call for 
hardening of early ATLAS sites. However, this decision 
nay yet be changed. It is planned to harden all TITAN 
sites, · 
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c. Abort ra,tes. 1 

d. Attrition rates due to enemy action, 2 

75, In the case of r.1anned b~rabers where ot:.r accurauletion 3 

of experience is greatest there is felt to be a wide 

range of possible values for each of these factors. \1/c 

4 

5 

have even less c;.."J)erience >d th aerodynanic missiles and 6 

experience is practically nil for ballistic i;lissiles. 7 

This circl.l.i:Jstancc of uncertainty in the co;·.1putation of 8 

force rcquirer.1cnts dictates a cautious approach to com- 9 

parisons anong r.lissilc syst;cr.ls which arc wade on an econonic 10 

basis. vic shall raake a few such comparison, but oust warn 11 

the reader against drawing any but the broadest i~ferenccs 12 

fro;;1 thcu. 13 

l£1 76. In Figure 2 is shown a curve of "deliverability" 14 

as a functien of the annual total systen cost for the B-52 15 

weapon syster.1 when the target j,s a small,.hard target which 16 

r.1ust be destroyed wi tl1 a 50 per cent probabilit~'. The 17 

cross-hatched area is bo\mded top and bottor.1 by lines re- 18 

presenting the costs of the NAVAHO weapon systetl when 19 

deliverability is respectively 0.2 and 0.5. 20 

77. We note that if .NAVAHO deliverability is 0.5, a value 21 

~lhich might be attained after sor.1e- c;.."Pcrience has been 22 

gained in the missiles' usc, the delivcrability of the B-52 23 

would need ~nly have a value of 0.17 in order to yield 24 

the sru~e annual systems cost. If B-52 dclivcrability is 25 

greater than 0.17, costs will be less than for NAVAHO for 26 

this target and a choice ;aade in this case on cconoraic 27 

grounds would be in favor of the B-52. If it fell below 28 

0.17 while NAVAHO remained at 0.5 deliverability, the choice 29 

By delivcrability is meant the chance that a single bomber 
or raissilc in the inventory will deliver a warhead on the 
target. Its value, of course, depends upon the assuoptio.ns 
nade as to the values of the factors listed above which go 
to nakc up force rcquircnents. 
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FIGURE 2 

Am~UAL TOTAL SYSTEM COSTS FOR DESTROYING 
WITH 5Q% PROBABILITY A, SMALL, HARD 

(100 PSI) TARGET 
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v;ould be in favor of NAVAHO, 

78. Of course, as NAVAHO deliverability decreases, B-52 

deli verabili ty has to become incrcasingl;y poorer in order 

for it to be displaced oy NAVAHO, What the actual value 

lf B-52 deli verabili ty ~::a.y be is of course very difficult 

to predict, but against a· s;:1all hard target it would 

appear that the B-52 nay retain an advantase over the 

NAVAHO,. 

79. Figure 3 is sinilar to Figure 2 but ap)Jlics to the 

~ 1 

2 

3 

lj 

5 

6 

7 

8 

9 

case of a political or acononic center, tnat is, a population .10 

target, In this case the NAVAHO probably v;ould have a 11 

decided advantage over the B-52 fro1u an cconouic view-· 12 

point. 13 

80, The B-52 rnight.also be displaced by ATLAS in the 14 

case of this tJ~e of target because the expected strong 15 

defense of population centers would rcsul t in a r.1ininu."n 15 

value for B-52 deliverability, 17 

81. These exaraples arc offered· as illustrations of how, 18 

when i:1ore complete inforr1ation becowes available, it may ·19 

becor.1c possible ·to make decisions on econorlic grounds, 20 

'. 
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FIGURE 3 

ANNUAL TOTAL SYSTEM COS~S FOR EXPECTED DESTRUCTION OF 5Q% OF 
POPULATION IN A CITY TARGET 
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