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1, For the infoimation 6f naval ageucien Larticipating;
in joint plenning, & study has been nade 6f certain

Y ' factora related to the foselbilizy of curvent plans.
(' § for véry long rénge strategic bombing Irom North
ok ' American basas; . .
~r i LT :
;o S | .2+ The relative capablilities for delivery of boﬁbg‘to

USSR tsargat areas cires 1950 have Meen .¢stima: :
for typicel medium and heavy bomtarn~-tne B36; BSO,.

and B4'Y, Account has bean taken of the effocts of )
¥ refuolling, and of the ause of hign altituﬂe and - .

. high speed. VWithin the limits of cicrsnt knowledge,

1 ‘ magn*tudws have been suggesteu for sxpocted 1A_ses

-and ebarts, The effects of narigation £rrons;,

. bombing gccuracy, diversichary rsfds; sfid ‘hours: of
darkness are discussed. These magsurss h&yc ‘beon-
coubinsd to compere the relatizs suitebiliiies of
fircraft typss and flight pléng, end to provide
rough astimstos of force rsquircnsnts for'conventional

Aor atom bombing campaisnso

w
i
%
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3, Meaaurea of the economic cost, and tlhe coat 1n
strategicaily ¢ritical aviatlon fuel; ;or ton or ,
bombs deliverad, hsve boen compared- I r the..yarious
aircraft, flight plans and. refue’111g plana. Tt

Conclusions, bafore. conaidcring t““ consequencbé,
of enemy action, sre aa follows: - T *:f’i“ -

-

8. VUsas -of the Bs6 &3 a. boﬁber requides: the .
© . lowest dollsr cost or fue ‘eipénditure .
per ton of bombs of. the: types considered,
- Uns. of the B50-0¢ B47 ad & bomber ganerally
. : °  -doublos the doller and fual ¢ost por: ton '
- of bombs over »hab for Lh” Bdso

b, 1exu0111n genarally- rﬁdur*s thq,co" N
fuel per ton of boibs oves non~refu
costs, and 6186 provigas highar perfdfmiﬁce*
over -eniomy - tercitory: - .
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;5“;§’5 - c. Use 0f 40,000 ft. altitude over-Europs. ~
I ‘ by the B36 generally reduces Homb

& {% - ) loads to abGut half those for maxi-

o %g’ o mum rangs {1light rlans, & require-. R

i %m mmnt that mzxfoum syesad be used.atout - -

g: X ) 1/3 of the imlles cver Eurcpe, to gros
= vide recuction in iosses to enony
action, would furthier recuce bomb

loads. . ] _

i
by £ 30

"
)

SR o
3.w5‘

. d. From United Kingdom-o» Nonth Africa I
- ' bases, bombs should s deliverable, e
= ‘ , without refuolllng, at from 1/2 to Lo e D
“‘ ' 1/5 the cost and fusl per ton .as with e T
’ . rafuslling from Norib Amorican baaes.

4, Tentstive msasures of losses and ahorts have )
been estimated, using as a starting peint fhe -
planning factors rocomaendad for use dy ths - i
Alr Force, with conclusions as follows: T

&, With enemy interceptcr caprbilities e -
85 estimatsd for 1950, iosses to T
encmy {ightors shon;dbbo predominant, L B
Operational lossas and losssa to A -
sres much legsg importsnt, . . ' ©F
=
b, For a given force of eénamy ince*captors,, ) : i%
the ubsolute number of bonpsrs lost , i '%
- to enemy agtlon from any raid should : b3
) be about donstant for any glven bowber , |
type, vomber tactic snd sneny effiﬂiancy, - .
regardless of the size ¢f the raid, R
. ; .=
c, It is octimated that, por IOOO o;erational B ; §

intercepiors badsd within tunge of-s
bomber treck, there. would bo lost =u—1oo

~ B 36's fromAany ratd dt low altitude,

T 10=30 at ‘high eltfitude, 420 at high.

de«and high sneed. Toages, %o ~50 R

. ) P
e o e o Vs
T

dil‘b‘.’.’ :
~ of the- B36, but the B47 *aid maj 1ose
1fon1y 1<6 alrcraflt, -

= e BT st o) SR AT = 2 y
- e s R N N R enthn i
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5,

6. -

d.

Changea in the. genoral lavel of estimnted

loss ratss would be the sems as changes .

in the numbar of defensive enemy units,

The enemy mry, therefors, -offset ndividunl

inefficlences by increasing the numbor of ”
units devoted to dofonao.

The hours of darknsss avallable for cover of bombera
over enemy territory is measured es tdo the effects
of season of the year, targst ares, aircraft speed
and base locetion, with the followinw conﬂlnsions.

b,

C.,

A measure of effectiveneas to combine bomb delivery -

Although in mldwinter all bombor hours
over Europe can be ih darxness; refuelling -

. may likewise Ue necessury in darknesa.

Such refuelling mey not bte technically -
or opsrationsally feasible, ’

During a substantial gorbicu of! the year,’

the bombers considerad will bs unable to
operate over polar regions agsinst many
USSR targets without considerable exposure
over Europe during daylight*

{’se of the B47, by reason of 1its gﬂeater
spoed, may avold or reducs 'substantially

PRE R QT
UNCLAS isgvrie

any daylight hours over Europa which _might

be required for the B36,

capabllities and expscted losses--tcas of bouds

delivered per alrcraft lost--is uiscuosed, with the .

following conclusions:

a,

b.

Coe

lons of bonbs dsliversd per aircraft ioap
inersases continuously with size of raid.

For the lsvals of loaszs conzidored Yow
performance flight plans ¢4 not sesm
advisable, since incrscscd bomb loads are
more than offset by increcsed losses;

The B47 may actually deliver more- beba

per aircraft lost than tahe B36. or B50, under

corialin circunstances,
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Te uinimum,raid ‘8lzes required for given bouber
loas rates are computed, with the folliowing

.eonclusiona:

8.

c.

Ruld sizes of upwards of 120 B36 or
BS0 aircraft-~up to perhaps several
thousend~-may bs necessary if bomber
loss rates are to be held to 5p in
the face of an enemy force of a thousand
interceptors basod enroute, ar instance
120-530 B36 (the cpread wiithin the bracket
depending on ®nomy ef’iciency) may be
required for a rald at nigh altitude .
end high speed, with 2100-4400 reguired
for a reid st lower altitude and crutsing
sroed. Refuelling requirements, and the
technidéal difficulties assoclated with
successful refuelling of large flighth:
of aircraft, mey prevent raids cf these.

sizes,

the B47 ssoms quite attractire, relative
to other types, bacauss. of the small
raids possivle at low rates of loas,

hv&n when bombar loass rates as %igh as
25% may ‘be accepuable, as may b2 true
for delivery of stom bonbs, raids consider-
ably largor than the 8-10 coatcmplatod
by current Air Forcs plens mey be re-
quired~-except poesitly for the B4Y
- operating against near targests,

' Yorce raguir&nanta of alrcraft on haand and monthly

8.
"~ replucemonts are computed for a conventional
hombing csmzalga from Noxrtn American basgaa of

50,000 tons por month with tho following conclusions:

SLbRLm

<3LpQSQ{F !3

[

8,

Force requirements 1n nircraft and basss
on hend for such a ca:upeipn do not de-
pond grestly on sssumptions as to loss
rates or ernemy defonsive strength.
sdonthly rej lecements, on the oth*r hang,
are nearly proportional tc loss rrtes
.ard decreasc a8 raid sizes incrsase.
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b,

Such a campaign would appesar to require
an oporational force of 3000-~-6000 B36
alrcraft or their equivaient, and bases
for them,

Force requirements for an atom bembing campaign

from iiorth American bases of 25 atom bombs per

month have baon estimetsd, the only conditions

being that on the average one atom bomob per raid

be delivered and thet no more than 254 of bombs

be lost to enomy action prior to drop, Conclusions
are as follcws: . '

b,

a.

Raid sizes of 12-170 B36 alircraft, 40-200
B50, or 6-18 B47 (to some targots only)
may suffice, choices within thcse ranges
of sizes depending upcn enemy opposition,

Bomber loss rates of 35-4GS should be
expected for these reaid sizes,

If such loss rates 2rs unacceptedble
larcer raids would be required and the

u! Tnesa of A-bombs would tend to

di: - pser as tho capscity of the raild

in (>aventional bombs becomezs equivalent
t> one or more A-bombs, g

It should be poseible to csrry out the
sample JA-bomdb campaign with a far

smaller inventory of aircraft and bases

on hand than for a rresursdly equiva-

lent conventional bombing campaign.

Monthly replacements of eircraft, how-
ever, may be comparable to--or even :
excocd--those required for the conventional
campaign.,

A R A N R A A A R o A T O
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It 4s considsred tuat this study may provide
useful insight into the fectors sffecting the
feasibility of very long range bhombing from
North American bases, Assumptions es to air-
eraft performance, enemy capsbilities and
forces available, end conclusions as to ‘the
effects of aircraft type or flight lan, and
force requirements &rs tentative only. oSome
relovent factors have not been discusszd. As
more precise knowledge-~or assumgtions accepted
Jor any particular operationel situetion--
becoma available, however, they can be fitted
into the framswork of messures developad here.

A. INTROIXNCTIOR

NG

1.

2.

Various agencies of the U,S, Navy, by reason

of participation in the sctivities of such

Joint bodies as the Joint Chiefs of Starf,

the Research and lavelopmont Board and its
Committees, the Air Intelligence Division,

and the Atomic Energy Commiasion, are roquired
to form opinicns and join in decisions regarding
the feasibillity of current Air Force plans ror

strategic bombing.

In sccordance with requests firrom saveral of
-these naval ggenclos, a study of certain factors
affecting ths feasibllity of such bombing heas
.been made. The eoffects of each such factor

on the feasibility of conteomnlated operations
has bsen sstimated, within ths limits of current
knowledge. All information ccacerning aircraft
performence, vulnersbility, etec,, 1s taken from
sources normally avallsble wi’hin the Lepsrtment
of the Mavy. tGherever possible, planning factors
promulgated by the 4lr Force hi ve beon used as

en initial basis for mwmasureme:.t,
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UNCLASSIEZD

S This study examines the propcsal that particular
nedium and heavy bombers, operating from bssea in
Alaska or the Unitad States, may be used to deliver
an effective attack on strategic targets in the USSR,
utilizing the following tectics:

a. Bombers may be refuelled in flight.

h be Attack missions are unescorted beyond
the combat raiius of fighters from home-
. .land bases, and normally use cover of dark-
ness over enemy territory. :

c. For stom bomb attacks, each attack flight
normally will consist of cne or two bomb
carrisers plus 8~10 similer plsnes for
defense and RCH activities,

d. PFor each "live" atom bomb strike two or
more diversionary strikes of similar size,
carrylng conventional bombs, may be employed,

4. For the purposes of this study, all targets were
assumed to lie in the area bounded by lloscow, Odessa,
Chelyebinsk and Beku. The range of distences of these
taggets from possible base arces s spproximately as
follows: e

a. From Alasks or

N,E. United Statea
b, From United Kingdom
¢, FProm Calro-Susz.

Z600-4500 neme
1400-2200 n.m.
1500"2000 e mo

5, For the murposes- of this study, the following sircraft
* . were considered:

' 4Aa bombers:

l. B36D with jJet pods (hereafter 336)
2. BS0B (hereafter RS59)
3« DB47B (hereafter B47)

b. As refuelling tenkerss:
l. B35B (hereafter B367T)

#In preliminary invastigations, the use of a stripped B29 as
a tanker was considerad, but since anslysis indicated 1t to
be loss efficisnt in that role than thie B36T, only the latter
is used in this study,




6.

1 .

'UNEGLASSIFIED |
' ‘ 12 July 1949

(L0)981-49

The suitability or military worth of the use

of wsajons of niass destruction against enemy

clties was not considered in thls study, and

was not assumsd, In view of current divwrgent
opinions, (references (p), (a), (r)), this qnsatlon

should be given separate study,

No comparison was made in this study tetween
the costs, rates of losses and force require~
ments for the bombing proposal examinzd, and
similar fectors ‘for attack by means other than
medium and heavy bombera., Such comparisons
have been made tentatively in references (s) and (t),

B. AJRCRAFT }ERPORMANCE

WMW” b s

R Yy B e

¥y T e,
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-
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IR Y Gy L e g

References (a}) and (b) provids dute concerning
performance os msdlium and heavy bombers for

sample missions, Typical data availeble from
such souprces are th- .e sppesring in Table I, )

Performance dats similar to that of Tabdle I
are not Ly thenrslves suitable for estimating

the capabllitia:r of bombardmznt aircraft to
poerform the typc of mission contemplated, for

the following rcasons:

a, Domb .o08ds ut combat 1-adil other than

those of Table I nu,t be ea*lmated.

b. Neith r the avorage or the combat
aposd i of Table I ar: typle:l of
aircec ft apsed ovar snemy tirritory
durir ; that portion of the ’light
when sneay msasurass 711l be sncountered,
In fi:t, spsed normally che iges cone
'tinuc;sly vith sirecraft wei tht or '

2ltif ade,

L

N e

3

i

ron
5

e
. ,Q“E}w

b

&

Koo Bk SRS M i

o
35

£f

"

SR

k) *g; p

sta

M)

&W

R

it

B ot e
il

]




7 Y
3 L

A R I e

e P T Rty R B R S AT
. N i N W of v Rl RS Gl Jy

; SoTLeT ov9‘ss ¥3e‘cL oS 1St {sa1) 3u3tem Ladug

e

0
ny
: wn 8 -  000°zzT 000°6TT 000°%b2 |- (saT) 3uPicM 3EQEOD |
o oy 2 _ ,
M W 8 .w 000°92¢ 000°gaT .084°69T gcoguige {8a1) ayiew gso-evsy ]
A O ,. - ‘uy 3y ‘umE go ‘U o pasq =
2 w Jomed eulfuci rswroy - -
w"a%
& - 100G ¢2%~:0004 LD «000°0¢ 200Gz I¥ %oE eaTNI)
2 . C. M
W - - . . 1006°g2 «00n¢ez L 03 jefasq
o sJ0Jeq *aIT 0f QWD
W@W ’ . g
,w - W0CLCSE~1008°L8 | 4000°0T s300°0T | . 3¢ 360 esnad |
@l . tueld qudyTL §
M G29 ¥99°T " 04LS - ez (xu/T63) -
A . . ' UOTIdwgus; 1ang ®eAvy
_,A - 1 000°Se/PL% 1000 °53/08¢ | 1000*53,/09¢ " 3equop
- To2 48 4 9%2 86T °gay (s30ux) opeedy
ol 000°0T 0000t 006 ‘0t 000°0T ' (sar) pvoT quog |
“Nm . 0¥9°1 00¢‘g . 032‘e - {*w*u; snipey g8qmon
&l < . ]
o 23 Ly g og d oc g
& B (suBId A4BTT4 eTduws aoJ)
§ 238 HONVREOJIYIL TIVHONTV
i Q . .
X I TTEVL
m.J ¢ - A » 't \ W
it Y Frettr o u¥ie] .Eis;&mﬁ.lltgu_:i, e g8 St ¢ 3805 b 0 o el s ‘_r%n.?‘rw‘m‘.ﬁ:j&n%ﬁ ,/‘umﬁma-n.%%:




2 3 W, i g Swﬁ“ W ﬁi 5 DR e =
ST IR Ay “t\?;ssagé H%‘“ SR e R e T R U

By A

(LY)981-49
12 July 1949

¢. Ths sample flight plans of Table I
utilize altitudes less than thoae of
which the aircraft are capadble, and
"which are so low that the A/C may be

‘ . exceasively vulneraole if these alti-
- tudes are employed over enemy territory.

X ‘ 3. With the assistance of basic aircraft date
dorived from estimated power, 1lift, drag, and
compressibility characteristics provided by the,
Design Ressarch Branch of BuAer, and using
graphical methods of couwputation outlined in
reference (c), more suitable performance data
have been calculated, .

AT

i
; 4. Such performence calculations rosult in Velight,
P Speed, Altitude disgrams of which Figures 1
3% ; and 2 are examples, lrom such diagrems, the
: following may be estinated:

;} P : 8, The bomb or woapon load which can be
¢ P . delivered at any dlstance from tass,
B §f” for any flight and refuelling plan,

S

; b, The distancs from bvase to which a fixed
o : weapon load, such as an atom bomb, can
be delivered, for any flight snd re-
fuelling plan.

S

WS R AR g g P i
T o 2 "

¢, The speed of the bomber during eny
portion of u flight rlan, for uss in
estimating vulnerability to enemy
defonses, -

. B, For the purioses of this study, ths capebhilitlies i
of the bombers considecred will be examined for
each of the ‘following flizht plsns,

' a, 836“

1, Flan 4Lble: Similier to that of
Table 1 and refsrence (a). iost
of targst approsch at 10,000 ft,
bombing and withdrawal at 25,000 ft.
seonomical crulsing arsed, sxcept
for 1/2 hour at ncrmal power witn
rociprocating snd jet engines in
the targzzt erea. '




%

v

ix.o)%x-#

3

12 July 1

1o b et on e i ]t

R it Sl e .
e e T ¢ I
e T o N VSRR - o s s SR DU "
- iy - . oy
BVIROL 0 ,,hogg«wu?ﬁvﬁ&ﬁ?g‘ MnH:ﬁy XUOLIVWIL XHINT HIAO E.m 000" 0%
o, , “€' YO HVYOVIQ AANIILTY 'qITIS ‘THOTIN J0 ATavX3. 2T oI -
. - » ., SOTEN: TVOTINER - osvg WOLj 0w stq. ' . o
L T 000N . 000 “0002 0001 O 1m
< TR : 4 ET “ CRNE ThN T b :
! B < b3 M - W nm b ‘m m A ! - !
¢ - 9 g m i i : 1 *
! m_._ , m m ,, . m ~ ik g $ r w "
: s’ ? \ C i* { ' i
4 o _ ! | )
L. AR, “ o] m | :
i : . - ..z_.dw:» i 4 i 001
i N . i 3 .
§ 3 Q ¢ ,
“ m N .* 4 ¥,
: i { ! H | _
; £ - : o ! ! I
i e L - . e i o ~OGT % " |
. . : i ; s i Lo i o i |
i . § ; . H : | i e m * e “
. b ' ! H v “ : € ) ! W
Deoek & s, I vy ! : ' - C.2 L. m
U008 D236, ./. . r - .M
N 20006 D4R X . . L MR
tow) proes e W_ . ‘ )
[ Sonet Wt S'g P . w ’ m
: k - .. L e
i (an)powes SpisTA. PA, ,M
Poosk BUse ol 192 v : v
- - - - - uen e m . . N vr
~ = ; Y
: . C 3
} ¥
” . 'y .N.
s e L
. “. _, m
i .1 : d
: : *
e e e e e ; y
- ! :
. [ .




R A T G T r R % 3
; ! 2 S R =

R T T RS A e o o AN S ‘ B AT A oo
e R R i il e T va—
3 . N - : B . TR TR R R AT

~——. - .
.

—— P . N
R " . s, . . . - - TP AN A . .a.,.t: y
. .
.._ ) v . . o .
. - ¢ .
+ - “ El
. .
B . .
t

A IR0, TTVHUON, .J¥. SILANTH 2T ¥Od .IA20XT WIAOL. ISINUD
s S . L4=2-¥04-WENTQ FANTIETY ‘a3T4S ‘IHOTAN 4O TIIWVXZ 32 'DId
. 'sSTIR TBIIANBY - 87Wg WOI4 90UNIIIQ

[}

T T

G

=
(L0)981.49
July 1949
o

12
.
B s,

ek

=

N3

v
.
oy -5

ToR Jvavaty

S

£

-
[’
ve
Lot v - = R & -

TR
ST PRSI AR Sy

(]
i

el d

1.

[¢5 (ani

CEQ W
t

(:sat ®) 348

N

O T e ]

._ : , L ——_ ,
. A , . . LT

. .
R T

SIFl

J

4 P e T T TP

i
|

i
!
L]
.
H
a
S
e

I3
'
?

/

1 - . ey wm———

1

1

2

!

!

i
W
234 l
W3
iy

L
A}

mHIve

~rores
PR s‘*«%&-%&% R nﬁ%ﬂ:&';;
.
\
H
.
1
.
- ’a.: -~
Y
Jee
0
ay
»
o
(-,
£ . [P e et
[ L
:
i
/ 4
H
L}
.
-
ED
ie
.
PUCTIRR A W .‘g

35
UNGLASS Fygny
25uwL §Vs)
i
C23%UVL NVIN)
r-——-—c‘ -~ onn
ANOL
B h;n:v;nns
2,0 &t
| UNC
H
M

3 R
w § . ’ . )
:
i ’ : : ' |
o . % . g E)
p,‘.._ .. .
._ .
Il ~ Q .
L4 -~ ) ) .
B . L -
. W ’ i | ]
. ) - ;
. W * N ’
. § ! .M
. B -
N i
s L z -
- - .
ol o
¥ o o g e S AR AL A 5
AR A A LI o B " #
¥, ; g :
s Ny N . N i ! ™ ’ ' o
N A T T A R e var i e o et 5 A A i i ; ;
3 2 7 gt ettt Bt S PR i o VIR 5 st T W i, bl s e Y Ly o il
A i by ks A,




VA PR L
e

PR ATy e

5 N -
CEEN . . ) » . - 2

uncussmgn
(L0)981-49 . Y. SEGRET \
12 July 1949 :

2. Plan Baker: Cruise out and climb so
a8 to reach 40,000 ft. at: Luropean ‘coast,
remaining at 40,000 £t. over ensmy
territory. Economical cruising speed, .
except for 1/2 hour at normal power
with all englnes in the target area..
Refuel on return at 25,0900 ft. (B36 .
cannot refuel on outward leg under Plan
Baker because non-refuelled weight on .
reaching Europe is maximum at which

40,005 .£t, may be resched at hormal: pover
on all engines. ) -

.
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3. Plan Charlie: Same as for.Plan Baker,
except that enemy ectivity forces use

of maximum spesd during 1/3 of the

miles rotn oveyr eremy tarritory. .

b B50

1. [Plan Able: Similar to that of Table I
and reference (a). Nost of targét <
spproach gt 10,000 £t., bombing at 25,000 ft.
with withdrawel at 30,000 ft. Lucnemical

cruising speed, axcept for 1/2 hour at
normal pewer in the tar&et arsa.

2. Plen Boker: Cruise out and refuel at
10,000 Is., climb 30 as to reach 30,000 ft,
at the Europesn coast, remalning at
30,000 £t, over enemy terrlitory. Lcos '
nomical cruising apeed, except for 1/2
hour at normal powsr in the target areas,

Co 7

1. Plan Abla: 51 11ar to that of Table I
reference {a). Altitude increases
continuously and 18 the meximum at
which normal powsr would provide 300 ft/min
¢limb. Econcrmical eruising speed, except
for 12 minutes of normsl power in tho
target arsa.
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It is assumad that air refuelling :
on elther or both outbound or in- .2
bound legs of & flight is feasibles,

It is assumed that both bombers )
‘and t ankers are bssed in the same

area, (Otherwiss bombers should

_probably operate from any forward
.. base sultable for refuellers,)

It &3 assumed that bombers can
be refuellied up to, but not be-
yond the gross takoorf weights
of reference (a) and YLable I,

Lo abtr AT S i B Ao i En s e VR P Y 5 e

ERII

n

It 4s asaumed that refuslling

must be accomplishsad before
reaching Burope, and thus a -
refuelling limit 24Q00-n.m, from
bass is established,

S . . P
TE TSN T RN )

w’g‘h;ﬂd""“'\dﬁ‘c"‘ﬁ“i‘H"{"‘M\"“ﬂ‘vrﬂ\fn‘k [ L e T TP e s
r

6.

Typical bombsr spesds vhile over snemy terri-
. tory have been esstimated from the aerodynamic
data avallable and are presented in Teble II,
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C. BOWB DELIVERY CAPABILITIES (WITHOUT CONSIDERING LOSSES ,
' OR_ABORTS) '

1, In comparing tho feasibility of alternative -
J .. mathods of delivering conventional bombs, two

) ' general criteria appear to-be appropriate,

as follows: : . .

&. Economic Cost: In general, each unit
of military accomplishmént should be
achieved at the lowzat cost in.national
effort, es measursd in man hours, or
dollars. ‘he sconomic coat of building,
basing, end operating sircraft (excluding
the cost of loasts to enemy action) may iz
be taken to be roughly proportional to E
the number of aireruft empty weight ton ]

".n

o et b L' 5

i

I E—- . miles required to be flown for each unit

ko of military accomplishment. For the type

. ! ' _ of mission under consideration, the air-

craft dry weight ton miles per ton of

z bombs delivered appears to be an ap-

g _ ' propriate measure of cost, For com-
- paring various aircraft types, expres-

slon of ell types in eguivalent numbers

of one of them in costs of procurement

and operation may ve useful,

b

b, Cost in Cheap but Critical Materials,
such as hvia%ion Yuel: The availability
of such required materials as aviation
fuel may be as great a controlling factor
in determining the feasibility of a type Vo
of milltary operation as the economic
cost of that oparation. 7' is of fuel
required per ton of bombs is, therefore,
& significant msasure,

2, Teble III, derived from Weight; Speed, Altitude
diagrems previously described, summarizes the
bomb delivery capabllities of the various aircraft
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corsidered, and messures of cost, It 1llustrates
the effects of refuelling and the use of altitude
and speed., ror purposss of comparison, capabilities
of the same aircraft firom United Kinzdom or Africa
bases are estimated, as are mesasures “of effort of
bombing cam.aigns during Vworld Var II derived from
refersnce (d)

9
’.‘*.‘*‘if:%
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WSS AT

3

B ety d LB b o

3. From lable III, the following general conclusions
. may te ncted, while bearing in mind tho fact that
considerations of aircraft losses or sborts have

not bsen introduced,

. T ISR
w3 et Y S ATIGARE, e YR R S 2 Sl

From aAlaska or aine Bages

&, Use of the B36 as a bomber requires
lowsst cost and fuel per ton of bombs,
on near and far targets,

W
ce ¥ M

i b. Refuslling of the B36 one way can enable 3

2 . reaching of far targets--or near targots 3
if max{mum speed part of the tims over- :

enemy territory is required--and reduces 3§

greatly the coat and fuel per ton or

bomb Se -2
- ) c. Rofuelliﬁg the B36 twice can further .
L . ' reduce the cost and fuel par ton of

3
4
3
#
]
4
7
3

il P IR T 1l i) pit » PRI . o e - -
P g R U,r:; B R B L X A e e TR e ot T 2y B B e oo R e

bombs, but only 4f low altitudes over
Europe aire acceptable,

R ‘ d. Use of 40,000 ft. altitude over Europe by ¥

: the B36 reduces bomd loads to about E

. _ o : half that deliverable at lower altitudes, ;

: - and roughly doubles cost and fuel per 3

. ' . ton of bombs, , %

e, A requirement that the B36 fly at 40,000 ft. 3

.. , _ _ and employ maximum speeé for 1/3 of the 3

- T miles over kurope would further reduce 3

' x bomb loads and prevent reaching of far 3
targeta, :
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h.

s

k.

. the BS50O,

&ﬁgcxjxﬁga%ﬁﬁy,.

Use of the P50 as a bomber generally doubles
the cost and fuel per ton of bombs over use
of the B36. - )

Refuelling the B5S0O also reduces cost and
fuel per ton of bombs over non~refuelling,;

and refuslling twice should enable reaching.’ °

far targets with maximum bomb loads,

Uss of the B47 es a twice refuelled bomber
should allow dsiivery of bombs to near
targets at costa comn.arable to that for
Although the B47 could reach far
targets, loeds would be small and costs
per ton high.

Prom Oveppeas Basss

-

- From United Kingdom or Narth Africa bases,

bombs should be deliversble without re-
fuelling at from 1/9 to 1/5 ths aircraft
cost and fuel ner ton as.with refuelling
from North Amesrican basss,

During horld Var II, boxbs were delivered
&%t 1/5 to 1/5 the aircraft cost and fuel per
ton as would now te reguired with refuelling
from North American bases,

It should te noted that the bomb delivery
capabilities of Tablo III ars calculated
on the basis of somewhat optimistic per~
formsnce data, and with no allowance for
fuel reassrves, :
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4., For delivery of atom bombs, neasures of capa- ¥ %

bility somewhat different {rom those of lable III . 4

may be applicable. Here, cost of delivery is 3

loss important becsuse of the atraveglc acarcity 3

of the bombs themaselves, Capabllity of dslivery, - 4

S N . therefors, i3 maasured by comparing the distance )
o at which A-bombs can be delivered with the air- b
1. i craft performenco associated vith such delivery. .
4 - Flgure 3 illustrates such distances and the effects g
f on them of aircraft type and flight plan, with i
N the A-bomb assumed to be the equivalent of a b

: 10,000 pound bomb load, ‘ p

. 5. From Figure 3, the following conclusions may be ?
noted. 4

a. " For the B36, on low performance flight %

. plan Able, a 10,000 pound load could %

. be delivered to near targets only, %

- _ Refuolling oncs should enable delivery é

; to all targets with cruise at 40,000 ft. ;

Y over kurops, and to half the target B

; . area on plan Charlle--allowing 1/3 of i

; miles over Lurope &t high speed. Re- , g

g fuelling twice would provide 1500~2500 3

i extra miles of combat radius beyond :

4§ that needed to reach target area for :

_ evasive routing--but at the price of 5

' low perforusence; :

d ’ - b. For the B50, refuelling once should §

2l _ . enable reaching near targets with a :

Y : 10,000 pound load, and refuelling k-

. : twice far targota--in each case S

: eruising at 30,000 £t. over Lurops, :

R ¢, For the E47, refuelling twice should §

T enable reaching perhaps two-thirds of . &
the target area with this load, ' S

! - %
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D. TENTATIVE MEASURES OF LOSSES AND ABORTS
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Decisions as to the feasibility of any plan for
a bombing campaign, the forces requirements and
replacemants required for & sustained campaign,
and the rolative sultability of altermative air-
craft types end tactics will be affected by
expected losses and aborts and thelr varlation

with aircraft type andt actics., "It is necessary,

therefore, to form sume estimate of the loases
and aborts expected to be assocliated with the
proposed type of operation.

Reference (b) provides estimates of operational
losses and aborts of unescortsd bombers at
night. Reference (e) discusses certain methods
for deriving such planning factors. Pertinent

estimates from these documents may dbe summarized
as follows:

an s e 8.

a, For opsrations during 1948, sn operational
* loss rate of 2,2% to bombers at night was
suggested, Low capabilities were assignsd

to USSR defenss forces for interception

or infliction of esnti-aircraft damage
_on bombers operating at' 25,000-30,000
feot at night. Almost all of the 2,2%

was assumed to be non-enemy inflicted
loas, ’

b. For 1950, however, an ensmy capability
of inflicting losses from interceptors
at night 13 assigned, vwhich is equal

to duy capabllities in 1948, To account

for saturation effects, the expected

lose rate of referencs (b) is expressed
in terms of the numbers of units involved,

It is roughly equivelent, however, %o
en expected loss rate of ,1 B50 type

bomber for each interceptor (preaumably
of conventional type) contacting a& raid,

. P 537, won Buiieazy
B - 553 . 3 5 o s i, B i B vhen SEResi
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Eé % 6. Roeference (e) estimates that in the case of j

4 ; the Eighth AF during Wworld Viar II, .17 3

) ? bombers were lost per interceptor in contact i

B with the bombers themselves. A formila is =

4l ' sugpested in reference (e) by which this .

. o loss rate may be adjusted for speeds of- 3

N R participating seircraft, as follows: '
é Probability of Loss per Interceptor in

o L *Gontaot = 1 - 0,86(VZ / V)3 i

: { . .

o where: ) c o

, g ' VI = Speed .of Interceptor E

- Vg = Speed of Bomber

§ %- . ' d. Por enti-alrcraft fire, an overall loss §

Pt : rate of 2% is assumed for 1950 in E

Fo © preference (b). ' e

% é ) o Y Réferenoe (b) estimates that 16% of enemy 72

g - interceptors with operstional units based E

i o within range of a bomber route will sortie E

: against a day rald, end that 604 of those E

i sortieing can be expected to encounter the E

5 bomber force, This estimate 13 based upon 4

i Viorld Viar II experience in the LTO sgainst £

I2 the GAF in 1944, e

= : . Lo . ) . x:;

Q% . i * f. Reference (b) estimates that 14% of bombard- x

0 IR : ) ment alrcraft dispatched will not accomplish =

2 o their nission for ressons other than enemy y

g ' - action (will abort). (This factor is applie g

o cable to all types of bombers and lengths &

-0 . of mission, and likewlse appears to be i

Do , : derived from World War II experlience without :

L . ad justment., 3

g. Reference (b) estimates that 1% of ‘sorties %

will result in none-operational loss of aire E

craft (losses due to causes other than enemy

action). : -

* - 2o :
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h. It must be emphasized that the above
factors-are intended as general guldes
to overall planning. For specific
plans in speciflic areas, specisl studies
are made, Whsre no firm basis upon
. which to estimate future experience
' : exists, Vorld War II factors are suggested

f, - ' . until such & basia appears,

Lt
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3. - The selection of loss and abort factors for
. estimating the feasibllity of the subjJect type
: \ " of operations, and alternative .tactics, therefors,
requires further discussion., It seems most
reasonable to use as a starting point the plan-
ning factons recommended for use by the Air IForce
in reference (b), altering them only aa reason
: _ appears. In the following examination, the
P following factors will be considered separately:

)

selindedon

o

fe

e

sdiaaly

N
b st

§~ ; &, Of the enemy interceptors with opers-
i tional units based within range of a
P ‘ bomber route, the proportion which will-

sortie,

T — e — e ’
B Lo e gy S e st 20 0T S RS
; . o i b el
¥

b. Of the enemy interceptors which sortie,
the iroportion which will reach an.
attack position on a bomber,

1

ST

,
Yy gl Lt dpez ot
e SN

MDA
RPN e e
e
-t

o,

: P o S ¢. The expected number of bomhers lost #
L per interceptor attack, '%
g; e . ~ do losses to antl-alrcraft fire. 3
%% CE o, Aboris, .

.%%\. .

AR

f. Non-operational losses to aircraft,
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B 4. Proportion of Enemy Interceptors Which Sortle ;
%% ’ @, The estimate of referonce (b) that 16% of

% | operational intarceptors within range of

! P - ' & bomber path will sortie against.a strike

? ' appears reasonable, Although derived for

day strikes in the XTO, its epplication to
interceptors equipped for action at night
seems sound, This factor, however, was
N ‘ . derived from a period when cantinuous day
o : and night raids were the rule, and -shortags
' : of pilots and perhaps fuel may have Leen.
limiting factors. The limitetions of ralds
to a very emall pert of each night to pro«
vide maximuni cover of darkness might consider- |

TR

e P

CARSNEIL A L5k A
BRI Tk
2

3
- £
%g . ubly increase ths percentage of sortieing 3
i fighters. . §
i b. In the absence of better information, a
) range of valves of this factor of .15 - .2

. e Lyl JRPIN - s i N
S adre bt Sy dn b frstd o S dr B Ottt IR o e g Lt 0t 4
e P R S s S A e et

for the BS0 at high altitude will be used.

4l

¢. For bomber aircraft at other altitudes or
speeds, some variation in this factor would
be oxpected. Higher altitudes normally
provide longer early wurning ranges, per-
ticularly ageinst large aircraft. The areas
from which interceptors can be gathered or
staged in to reach a bomber track before
passage of the bombers is roughly inversely
proportional to bomber cruiaing spoed., This
offect might be true only at the periphery -
of the enemy's defense zone, while deep

‘ defenses would enjoy ample warning regerde

L less of bomber spesd. Separation of defems

1 : ) belts, or evasive changes of course would

ot tend to prolong this effect, however, and
"t 1t will be used for this estimate,
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d, For the purposes of this study, after
consideration of the foregoing, the per-
coentage of operational interceptors sor-
tieing will be estimated as follows:

B36 :
Plen Able 25-30%
Plan Baker, Charlie 15-20%4

. B60 .
Plen Able 20-25%
Plan Baker 15-20%

B47 10-15%

5. Proportion of Enemy Interceptora Sortieing Vhich
Reach an Attack Position

a, The genersl magnitude of the estimate
of reference (b) that 60% of sortieing
N interceptors will contact bombers is cone
, firmed from several recent sources:

A e ol L T U S e —
e T e S
: T

ek 18
rae oy
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SR I R R
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1., Reference (£) concludes that the
probability of intercerting mansu-
vering bombers at 34,000-40,000 ft. altl-
tude and 400 knots with jet fighters
is approximately 70% by daylipght.
For a singleo bomber flying at 40,000 ft.,
this probability is about 604,
These percente;ges are expocted to '
vary, of course, with conditions of
altitude, visibility, radar warning,

etc,
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0 2. Reference (g) concludes that even
., : ) when evasive sction in the form

. of 20 degree bank is employed, the

: : F80-A Jet fighter when limited to

480 mph T.2.8. can nake succéssful

and repeated tracking attacks on

bombers at 40,000 £t., and 430 mph.
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b,

L N

I S

3.

4,

S.

Roference (h) reports that during Exercise
"Dagger", 60% of regular squadron fightor

sorties intercepted day B29 .raids at
25,000-30,000 ft., even though state

of training, and control net performance
was low., Helf the kuown reasons for
fallure wera due to lateness in taking
action, end another fifth to limitations
in ground control. ]

Reference (h) also reports that for -

Exercise "Dagper” night fighters, "attack-

1n5" bombers generally at 18-23000¢,
69% of control attempts resulted. in an

attack efter visual identification., When

RCM were used, this efficiency was re-

duced to 46%. On the averape, esch night

fighter sortie completed about one
conbat, -

Calculations have been made of the
ability of fighters capable of 550k and
2g turns at 40,000 £t. to intercept SO0k
bombers. The results of such calcula-
tions indicesie thet with reasonable Al
radar performence and errors in control,
better than 807 of sortieing fighters
should reach rear homisphsers attack
positions.

Estimation of this measurs. for the subject
type of operation, and of its varlation with
plene type and tactic is difficult because
of-1ts dependence on the following factors,
among others:

1.

2,

Speeds, rates of climb, and maneuver-
ability of interceptors, which may
vary over wide limits, as 4lluatrated
‘n Fig. 4, taken from reference (i).
(It should be noted that the example
porformences are without AL radar.)

Speed and altitude of bombers.
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3. Efficisncy and capacity of enemy
. zlose control or loose control sys-
ems, .

4. The efiiclency of the enemy in pass~
{: N ' ing interceptor control from one '
t ' ‘ canter to another,

5. Performance of enemy Al fadar.

;L

- 6. Possible vneny employment of un.

: conventionel control systems, such

[ as from large, radar equipped air-

s | craft which might "fly formation®

F on boubders for long distances over

; enemy territory, 3

X § ' . ) 7. The efficlency of RCM againat enemy %g

£ control or Al radars. 3

R ¢. In order to reflect the effects of bomber =
i ' spead, altitudes and intarceptor speed ;%
P, and time to climb, the followihg partly ' ‘g

arbltrery method of estimating the proe

portion of eneny intsrceptor sorties ;

Lo in contact, yiold1n§ values 1llustrated &
; in Fig. 5, was developed: 7%
1., The preportion of 60% from reference %

(b) was applied to current Jet inter- B

ceptors and B50 aircraft cruising 3

at 30,000 ft. on flight plan Baler. ~%

’ . &

oo . . 2, Under other conditions, interceptor 7
S ' ' effectivencss 18 taken to be pro- -3
o portional to the miles of travel E
g at e volocity equel to the difference 3

o

in speads between bomber and intere
ceptor, for the time during which

a boriber travels 2C0 miles, less the
time for an interceptor to climb to
altitude and less &5 minutes dead

-
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3. The formula, used for values of Fig. 5,
1s, then: ‘ .

pwi.e 014V - Vp)(TE - Tg - 5)

where:

P = Proportion or sorties intercepting.
(Probability that a: sortie will
intercept.) .

i it .bw‘,‘:é‘.‘-, RPN
el R e

T

S TR e R v

AR R

.
£

+014 2 normalizing ractbr
.VI & Interceptor speed (knots:)
Vg = Bomber "nead-(knohs)

Tb Time for bomber to travel 200 mi.
(min. ) .

T, 2 Tme for interceptor to climb
C  to altitude (mins. ).

4. It should be noted that this. assumes tnat
the oentire intasrception must be. completod
during 200 miles of bomber travel, 8188
difficulties of passing of conirol, ete.
will defeat the interceptor. It also
essumes thot time to climb:is wasted, al-
though in fsct it is utilized in forwerd
travel end positioning. With less
stringent limitations than those assumed,
the advantagss of bombsr speed and al-
titude would be less then indicated,

b

&

d. For the purposes of this study, after con-
sideration of tho foregoing, the percentapges
of sortieing interceptors reaching en .attack
position will be- estimated as follows:

B368 . :
Plan Able 70-90%
Plan Baker, Charlie 30=50%

iE
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B50
Plan Able ' 60-80%
Plan Baker 40-60%
_ B47 —_— 10-20%
. 8., Expected Number of Bombers Lost per Interceptor
Attacit.,.
D .
. as This moasure is also subject to very

b.

wide fluctuations depending as 1t does
on such factors as:

1.

2,

3.

4.

5.

6.

7.

Interceptor armament and fire con-
trol system errors.

Bomber armament and fi*e control
system errors.

Vulnerability of bomber to fighter
weapons.

Vulnerability of fighter to bomber

weapons.

Fighter end bomber tactics regarding

approach angles, speeds, ranges- of -
open and cease fire, and amdunt of
ammuni tion sxpended,

Altitude of engagement, which haé
‘marked effects on projectilo slow-
down.

Amount end distribution of fuel in
the bomber at the time of attack.

Current knowledge and indications con-
cerning this measure include the

following:

1.

Reference (e) estimates that ,17
bombers were lost per 1ntorcoptor
in contact in the kighth Alr Force
during World war IX. :
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"4in Europe the mean "lethallty" rate was

. of gun cemera £ilms made during dey -com~
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" .ceptor types.
- as great as this rormula would indicate, 7
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Reference (b) suggests a factor of .1
ror B50 bombers. » ~

Roforence (h) statea that, for ETO night
fipghters, the oversll ratio of enemy
aircraft destroyed to the number of -com=
bats incressed during Vorld War II from
«70 to ,80. For sscond TAF night fighters: “‘

falrly constant at .88 over ‘a period -of"
six months, ~

Reference (h) reports that, on. tho basis.

bats in Exercise "Dajger", of “every.l00
interceptor sorties in e’.’fecti.ve combat,
32 bcubers would havé been destroyed, ’

end 50 prcbably destroyed. These cone
clusions vwere on the asswiption that
bombers were unwrmed, snd on -the basis
of no reliasble bonber vulnarability data.

Refarence (J) sumnarizes results ot E,
British wartime nigat fighter combats for =
various types of aircraft, AI rsdar, and &
control methodd, In genersl, 30-’70% ot‘ "3
AI detections led to visual contact
vhich 50-70% led to combat, of whic)'x
60-90% led %o destruction or probable
deatruction of bombers.

The function sug;ested in rofe:-once (o)
for edjusting this measure for differ-
ences in Tighter and bomber speed would
yleld values illustrated in Fig. 6,
This formula neglects, however, the
effects of differénces in arnament and
vulnerable aréss amonig bomber and inter=-
Also, the.effect of relae
tive speeds is not believed to ‘be nearly -

particularly beyond an interceptor speed
advantago or 100-150 knots.
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7.

8.

UNGHASSIFIED

Current studies of the outcome

of the fighter-bomber duel yield,
of course, a wide range of results
as conditions are changed. Refer-
ence (k) is an eximple nf a study
bearing on this question which will
soon be suppleomented by 1ssuance
of Ballistics Research Laboratory
and OEG studlies of meaaures of
effectiveness of specific bomber
and fighter armaments ard the re-
sults >f corresponding duels.

¥ig. 7 1llustrates the range within
vhich expected values may lie, for
the particuler case of a 500 knot
Jjet bomber and a 550 knot jet flghter,
and essuming that both £ighter am
bomber use optimum tectics. A
typlcal vallle [OF the case of a &"
rocket armad fighter against a

20 mm tsil turrst arimed Jet bomber
(or a 20 mm fightsr as a .50 cal,.
bombser) 1is belleved to be ,3

bombars destroyed per fighter attack,
with an exchange rate of between 1
and 2, Such results are derived

for rear hemisphors attacks. When
armament end sizhting equipment
sultable for front hemisphere attacks
are availeble, the relative saflety
of the fighter should be groatly
increassed, with bombers destroysd

per attack probably decreoased
somewhat, 1t should be noted,
however, tiat no exchange rates
sufficiently large to deter inter-
ceptors from prefsing home attacks
are to be expacted.
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9, For the particuler bombers examined, "
no precise vulnerability data are
available. In gensral, however, the
following appears to be true:

»
w——r
3T s

P 1
W

f. As the size of a bomber increases,
its vulnerable area to contact 1
\ weapons such as 20 mm increases, .
: while ita vulnerable nreas to frag-
mentation weapons decreases,

aruanbu REmde Pa e

b, Jet engines are much more vulner-
able to .all typcs of wespons than
are reciprocating engines-=by a
factcr of two Lo fiv-,

& s wa e dunsamadon +

¢. For the purpose of thls auud , after cone-
slderation of the foregolag, the number
of bombars lost per interceptor in contact i
will be estimated se folliows: ) ' i

B36
Plen Able 30 = L40
Plan Beker 20 =« 30
#Plan Charlie 10 = ,20

B50 ‘
Plan Able e 3Nwmw 440
Plan Baker 20 - ,30 H

547 010 - 020

7. Losses to Anti-Afircraft Fire

a. The estimate of reterence (b) that 2% .-
losses to anti-asircraft fire should be
expected appears t¢ be a reasonable bgsis
for this study. It provides for the use "
of VI fuzes, but not of gulded missiles .
of the liasserfall type which mey evene :
tually increase this rate, '

#Al)l combats are assumed to take place

at crulse speed, except for Plen Charlie,
where provision has been nade for use of
V mex. during 1/3 of distance over Europe.
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combinations, vulnerable
areas, rounds exponded, ;
T altitudes, and fighter ~— T

, | |
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Calculated for many Weapon g
i

i
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approachea. |

As Fighter Armament
- Improves. .
Ag Bomber Vulnerability
Increases. , :
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b. Considerations concerning application
of this measure toc subject operations
are as follows:

1. losses to AA should be lnversely
proportional to eircralt target
spsed, since this detsrmines Gtine
in the siring area and the volume
of fire recelived,

2. Small raids should sustaian hi.hex
percentaye loases then large raids,
becsuss of the groater AA concen-~
tration par elrcraft of small ralds,

3. As noted previously, the B47 would ’

" be expected to be more vulnersble
to fraguenting AA then the B36 or
B50 bacause of its Jjet engines,
although this might be offsat by
relative fuel quantitlies and dis-
tribution, .

4, Loases of bombsrs to simed fire from

. convantional suns firing VT fuzed

amaunition should decrease repidly
with alrcrsft altitude, particularly
as such altitudes approach the max-
imum gun rangs. Refsrence (1) pro-
vides a function for single shot
hit prcbability taking the following

23
2
é;g
Et i
-
kY
Z
&
g@,
¥
P
3
%
2
:
X
>
3
=
)
<38

o
w2

ot s

.
o

By b bt e B et n T A
ATl e B e

form:
plr) = ae~br,

where )
p = single shot prodabllity. £
a,b = constants depending oa g
gun and fire conirol b
system errors, target %
area, etc. %
P v Sheak Denge. 4
B
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. Expected hits from asimed fire on aingle
. aircraft (rather than formations) may .
be estimated from the function:

1= fhf(r) n (r) dr
R

where:
H = Expected hits, .
n = Rounds fired per unit change in r,
; R = Maximum open-{ire éknge of guns,
g L) s
25 = Alrcralt altitude (minimum range
+ . of guns).
S : 6. Figure 8 illustrates an example of the
g : . relative differences with altitude of
g - : expected hits from AA.
:i. c¢. For the purposes of this study, therefore,
; AR : the estlats for losses to AA of reference
HEEEER {b) will be teken to apply for B50 aircraft
. ) at 30,000* altitude on flight plan Baker,
; other conditions ad justed for apsed, alti-
. tude, vulnerebility and size of raid as
h follows:
2 B36 _
§4 Plan Able 4 or 2%
= ' Plan Baker, Charlie _ +6 or .3%
b . B50 ' . .
.. Plan Able . ) 6 or 3%
. Plan Baker _ _ 4 or 2%
‘ B47 . 1 or 05%,

whichover 1s greater,
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8. Aborts

a. It does not seem reasonable to assume
-that the percsntage of aborts should be
independent of the length of the sortie.
The 14% estimate of reference (b) appears
to apply both to ETO and XX Bomber
Comnand operations, but the following
should be noted:

l. From reference (d) it appears that
sbout half of ETO aborts were due
to weather, a quarter to nechanical
causes, the remainder to other
reasons,

2. On tho other hand, the XX Bomber
Conumand, flying from bases where
good wesather prevalled, on longer
missions, using night tactics whers
formation flying was not required,
experienced very few saborts due to
weather, Th. se qusrters of aborts
were due to mechanicel causes.

3. For the subject operations, mechani-
cal aborts of a type varying with
sortie. lengsh mey be predominent.
Improvement in powor plants uay be
offset by the effacts of demands
for Ligh power settings for long
periocds ovar enemy territory., Heavy
relisnce on radar, a fruitful source
of mechanical trouble, will tend to
increase aborts with iength of
nission, as may the necossity for
pressurization of alrcraft.

b, For the purposes cf thig study, therefore,
aborts will be estimated at 5% plus 5%
per thousand miles of combat radius,

9. 'Non-qperational Losses

a. The estimate of reference (b) that 1%
of sorties will result 1n non-operationsal
loss of aircraft may be somewhat optirilse
tic during the early phases of a war for
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é‘ 3 , operations with relatively inexperienced =
‘I crews from and-over Arctic territory. It E
g; i chocks well, hovover, with late World War II 3
: E experience. g
! “ ‘
g : b. For the purposes of this study therefore, 2
: : non~operational losses will be estimated g
é‘ ; at 1% of sortiss, bomber or tanker. 3
%d { 10. Summafy and Discussion of Loss Factors.

?% §: < 2. A summary of tentative measures of losses

(. end sborts eppears in Table IV. Irom this

table it will be noted:

S g

1. Subject to the severe limitations of
present knowledgie, and the validity of

e M :
Tt Rk S s (2 s
SRR G N e

the methods of this study for developing 4
relative loss mesasures, it appears that %
) a. Changes in flight plan of a glven %
bomber--that 1s sltitude and speed 3
over eneny territory-~can reduce 4
losses to enemy action by 1/2 to 1/10. g
b, Lxpected losses to interceptors as e
E between B36 and BS0 ave comparable 3
" for comparsbls fligh* plans, but g
~ the B47 should suataln roughly 1/4 2
or less the overall losses of elther E
: conventional type. If the B50 were 3
. capeble of sustained operation over &
enemy territory at 40,000 ft. altitude, 2
1ts loss rate should be considerably 3
less then for the flight plens con- E:
sidered, s
- ' 2. For a glven enemy force of interceptors, ¥
. The absoluts number of bombers lost to =
enemy acslion snculd be apout constant, P
: Tor any piven unmbsr type, bomber tactic, E
end enomy eiiicicncy. Ln other words, -
J expected losses Lo onemy interceptors ?é
per raid should be considered to be a 3
congtont number of alrcraft, not a pere i
centage.
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- 3. JThe effact of chanpes in the genaral - g%i
: Tevel of the measuras of Teblie 1V ' 5
- Telating tc ensmy acslon would b9 . o
S TS EH T T & [.t‘I‘e'cE of changas ;

: In the numbsr of enemy units. iIn

5 other words, the enoemy may offsey .

- individual unit inefficiencies by :

> increasing ths number of units,.

R b, It is belleved that the general level

: L of these estiates of losses are favor-

: able to the bowbers, since thecretical

P calculations, allied experience e;ainst

. enemy alrcraft in Vorld War II, and
current trials indlcate that consider
ably greater loss rates are possible,
The differences in measures among aire
craft and flight plans mey, however,
bes too’ large, since every possible ad-
vantage has been asceorded to speed and

altituda,

. e Pag
sy ORI A Y
RN I s N St SO T

! e g R i, ?
K‘ﬁ?ﬁ? P 2

R

E. NAVIGATION ERRORS AND BOMBING ACCURACY

1. The feasibllity of ths subjlact type of operations
mey be adversely affected by: )

' a. Difficulties in locating and iaentifying

- : unfamiliaer targets after very long flights
at night and hi:h ultituds, ovsr poorly
chartecd enemy tsrrifory, with consider=-
able dependernice on radar navigation,
which in turn depends for its reliabllity

. on accurate radaer mapping and the ab-

sence of successful enemy decoys or ,
counterneasures, ) . -

AT RS S T P i
AN B A e R A

‘b, Difficultios in dropping bombs with

L , ' acceptable sccuracy, using redsr aiming,
. : from altitudes and at speads consider- .
.. . ably greater t han those used during . .
° ] S Vorld War II.
v 2. Reference (m) states tﬁat, at current aircraft .

speeds, dead rackoning plus manual celestlal
pluas radar navigation will achisve sufficient
sccuracy so that "a 5000 mile mission can be
accomplished.” According to this reference, current
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3.

4.

N/ s L. 2 . 5 . e GRS = S _Lfﬂ?mmﬁﬁ;‘?@jﬂﬁ‘“ L AT, g v

navigational mothods will become of narginal accepta-
bility sas aircraft speeds approach 600 mph, and new:
moethods, now under development, will be required gt

higher speeds.

Reference (b) provides estimates of bombing accuracy
as follows:

Circulsr Probable
Errop

Visual Bombing from

20,000 £t. 1,170 ft.
(Typicel for Viorld ]
War II in ETO)

Radar Bombing
From 25,000 ft,.

Good Definition 4,000 ¢,

Poor Definition 6,000 ft.
From 35,C00 ft. ]

Gocd Dsfinition 5,000 ft,

Poor Dafinition 7,000 ft.

Thege estimates for accuracy of radar bombing are
stated as based on very meager dete. If they were
considered tc be representative of expected operaticnal
accuracies, however, we uwould be forced to conclude
that:
a. Lven with individually almed, rather than

pattern, bomb drops, soue 10 ~ 20 times

World vier II conventional bomb tonnages

would be reqairsd per target or terget system

comprisecd of units 500 - 1000 feet in radius.

b. Such accuracies would probably be unsaccept~
&ble for delivery of atom bombs on any bub
very larbe targets,

Other indications regarding expectad bombing accurac;
are, howeved, as follcws:

. a» Reference (n) suggests that I8 (British
rader) bomblng errors without“bomb guldance
on the order of 1700 to 2600 ft. are to be

axpected.
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~ Preliminary reports concerning current
test of the Air Forces K - 1 bombin
system are to the effect that circular
probable errors in full radar control
on clearly defined targets from 20,900 ft.
are of the order of 450 £+,

The Navy's Bomb Director Mk 5, scheduled
for test this year and, like the K - 1,
equippoed for full radar control and off-
set operation, is reported to have
achlieved 15 mil accuracy in mockup
trials. .

A factor for conversion of test or train-
ing results to expected opsrational
accuracles is indicsted by refersesnce (o)
wherein errors of the order of 350 f%.
are reportsd for visual bomwbing from
20,000 ft. in treining duriang 1044, and
relatad to-errors during ET0 operations
of 9680 ~ 1260 £t. The principal facters
affecting this largs differance between
training and operational errors are
stated to be weather, terget recognition,
and ground smoke. The factors governing
differences betwsen training,end opera-
tionel radsr bombing will be somewhat
different, and may or may not have as
large an effect.

S. For the purposes of this study, after consideration
of the forsgoing, ths following assumptions will
be made, with the realizetion that they may be un-
duly optimistic from the point of view of the bomber;

That navigation of bombers will be
sufficiently accurate so that fallures

to coupleto missions due to errors 1in
navigation can be considered as included
in thg measure for aborts previously dis-
cussed. ' .

That careful selection of targets and
training of crews shculd avoid unaccept-
able waste of atom b mbs through ine-
accuracy of drop.
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c. %hat aceveany uf conventional bombing will *T
be such thaet, ccuzlea witk improvements of
veapons end hrowleldpn of their selaction, ”
bzh tonuagus ri:quiroed for target syatsm
atteclz will ha comparebleo %o those of
Worlid vau i, s

F.  EFFECTS OF HIURS OF TARIKLIS .

\

1. Thz subjest oparations are nnrmally considared to . :
.- ustlllzz ths sovzr of d2-kness ovar ensmy territory.,
. : Flights on tas orlar of 30 to 40 hours duration over .
- . polsr.regicrs, hewsver, require considerable modifica-
ion of familler corczpts of “day” end "night® opera- -
tions, Uncer some coniitions of latitude and.couvrse
aireraft fly "foaster then the aun."

4 '.r)\«»'iu.

R

e oo e o s o5 g
.
\
b0

Figures 9 and 10 provide meuans for visualizing thre.
effects of sceasn of the yeer, bace location, end air-

n
i

4

4 : ceruaft spced onr condifilcna ¢f deylight or darkness . §S

- . - . encowntierad at rsfuciling joints or over Europe, These . i
. fllustrations ars calsulated under thz following con- .

: i di tionsi :

a, "Darkness” 13 assumed to.occur when the. cen-
ter of tha sun 1s at least six depg-ess below
tne horizon as seon from 40,000 f£t. eltituds,
This may or may not T2 strictly velid since
the degrse ¢f durkness sufficient to provids
irotecticn to bombere from visvally controlled
interceptorsz or AA fire dependz vpon severel

. edditiorel foctors such £s color contrests,

— w0

Rl

n N e s s

berber siza, opeculur reflections, direction E
‘ : of enemy line of sight, ete. ; =

te!

.m<

i

. b, Exampiee chcuo azy Ffor the B36 at speeds for
flight pran eeker, and the B47,

i

ekt

e A R M A T DT R g

Rl
TR

.- ¢. Oren- cirzcla rcutes from base to !the target
. . are asswiod, : :

- de Xt 13 maassuned that tim2 over target is -always T
’ ; . sche dulc: forr midnight., It shotld be noted
' that &t somn seazona aundé when <ply one re~
fuelling i= vequired, it -3y be josaidble tc
refusl 4 desilght and still have ell nours
over sursye in daskness bty reeching the target
; at a timo othor then micdnight, Sueh possi-~
. bilities are takesn into agcount in Yat:le z:

:
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Yow

. S. ‘'laxle V sumurizes informatinn from thurei 9
. ana 10, adjuated to sllow zaximum hours of . .
darkness over ¥urope, &nd refuselling by day ,

vhere possivle, Lrom thiz table 4t will he noted

that:

SRR

-
»'S;ta"

Althoush in midwinter all homber hours
over Eupopn can be in derkness, rafuel-
ling mszy lilkewise be neceszariiy in’derke .
nsas, Such refuelling mxs7 not be tech-

nically or oieruationally feasidble,

Ay

8.

i

b, Ixring a substantlal jortion of the vear,
bonbers of current speeds, will be inable
to operate over ;olar rogisns apgainst
many USSR targots without consliderable
ax,08ure over surore during daylight.

Lse of the B47, by reason sf its zreanter
speed, mav avald or reduce substantially
any dayi.cht hours over kurope which
wight te required for tho B36,

Ce

G. EFFECTS OF THE USE OF LIVZRSIONARY RAIDS
1, It v»es notod iIn the intrecduction to this study that
the us2 of diversionary raids is contempluted to re-°
ducs tho dejree of risk to atom-bomb carrying plenes,

The us: of diversionary raids should not be confused

with tre use of evasive routing., The latter reduces

losses by rouson of avoliding, or forcing the dilution

of, enanay cifensive strength., It would ajjear to be -
dez2irebls if reductinn of losses is worth attendant ’
raductisn in aireraft perforasnce, bomo load and

utilization rates, and incroasea in sborts, nours R
over enemy territory, and any noecessaery oxiosure

during ceylight, Such componsating effscte cgn be

evaluutec, but becausze 2f their derendence on a .
particulur enemy order of hiattle, will nHt be dls- .

cussed here, . .

Piversionary raids dejenc for their effectiveness .
on the enzeging of the samne enemy forces which

thrsaten the main at‘ack, Any <iversion so far

distant from the main effart--in terms of either

spaco or time--that now cnemy forces can be brought

to bear, or that intercuptors can soartie, land-eand

sortie again will incrouse, ratner than reduce,

. overal: lossss,
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4., Well planned diversionary paids can,. therefore, be
considered to bs 8 part of the main rald so far as
the overall effect of own and encny muimbers 1is
concerned, The alrcraft of the main and diversion-
ary ralds will suffer the same or highor overall
losses as would a single cconibined rald, unless,
by reason of consaisting of lightly loaded, highar
performsnce alrcraft cr by well-timed withdrawal,

T the diversionary rald csn avoid normal losses.

AP AL ey T e R Y

scmanasy
B ik aca Lo s TR
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5. For the purposes of this study, therefore, the

- h A e

.o effect of the use of diversionary raids on losses :
S or force requirements will be assumed to be neg- :
: 1iglble. | : 5

He JLASURLS OF COMPARATIVE SUITABILITY OF AILRCRAMT AND é

FLIGHT PLALS

R Oy 7 T T S B B T L B e B R A T Py B S 0

1. Neither the bomb delivery capasbllities of Table III {
nor the expected lossss of Tabla IV cen serve by 3
thomselves as measures of the feasibllity of the :

13 ket

. proposed type of operations or of ths relative i
sultabllity of differant alrcralft types and flight :
tactics. It 1s suggested that they should be come ;
bined to reveal more significant oversll measures i
such as: ' . ;

O a. Tons of bombs deliversble per aircraft :
N lost, which it should be desirable to ;
maximize, .

b. 8Size of raid necoessary so that losses
will be at acceptsble rates,

2. Figure 11 illustrates the estimaetsd effects of
alrcraft type, flight plen, end rald size on a
payoff measure--tons of bombs psr aircraeft lost.

This figure 1s calculated undar the following
assunmptions:

paiAoat L on s v

22 23D,

SR

a4, Conventional bombs are delivered from
- North American bases to near targets,
N _ at the capabllities of Table III, with

the refuelling plen providing greatest
bomb tonnage,

JRELASSIFIED

e e
e - -y e = , w— I e T e [T PR P e SR

~ . Lty - P crT L E - v & TRy -,

.
N SN Y - A \ R .
Kot T ane dbasn vt Bt - pees B s oy




R T ety

R
:lﬂf_—f.!s. Bl w~vy ),iw ..3

s;?«ff&:ﬁ«rfc.... Ry
N I :

ey
e, a"?ﬁ,.%%“

PP

oﬂw

50

v

200’

ege



R fe %w% R P R I TR

B e

. . »
.

H N ¢ e
t UNCLASSIFIED | . (00 20

! 12 July 1949

& L ) : N .

§ . .
% b, The range of estimated losses 1s as

% . shovn in Table IV. {The upper edge of .
: each band in Fig, 11 1s for the lower

§ limit of excocted lossos, and vice B
; versae)

i

¢. Bombesrs a.e faced with a forze of 1000 \}

operational eneomy intercertors based
within range of the bomber tracke.
(This, end following essumed numbers of

’ enemy interceptors,is not tobe tsken
a3 a considered estimgte of the forces
which may actuelly be faced. They are
éxgnples only.)

{

§

.’

. s . iate o
D L e e oo T Lrp o Ty ey Py NPT B TP AR Sk i s WY

. . d. In order to place losses of different
alrcraft types on acompareble basis,
lossss ere sxpressed in terms of B36
equivalent sircraft. The BS0O is taken
to be equivalent to .6 B36 or B36T, and
the B47 to ,75 B36, as in Table III,

S mEE M e e e TS R eRRw s e x
.

e. Aboréing bombers deliver no bombs, sand
suffer no losses except non-operational
losses.

f.. Tenkers do not abort, and suffer only
non-opsrational losses. (Such losses to
tankers arc included in aircraft losses.)

8o 407 of losses to interceptors or AA
are susteinsd prior to bomb drop, as
supgestaed by refsrence (b).

h. World VYar II tons of bombs par aircraft
lost are noted, tskon fyrom reference (d), .
dellvsriss by end lnsses to neavy and ¢
very heavy bombers only being included.

a. As would be eoxpected, bombs delivered
. per A/C lost increases continuously with
size of raid, .

k
- 8. From Flgure 11, 1t will be noted that: : .".%
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b. It would not seem advisable to use the low ;
B ' performance flight plan Able for either B36 ;
; or BSO bombers, since increased bomb load .

should be more than offset by lncreased
losses,

¢. A8 betwaen flight plans Bakor and Charlle
for the B36, there would seem to be little
cholce, since the effects on bomb load and
losses are offsetting. .

Srirpoielar e ariay

d. As smong aircraft, the B36 would seem to
have greater capabilities than the B50
under all cases considered. The B47 should
be superior to the B50 1n bomdb deliveries
per loss, and also superior to the B36 in
small rsids, or if the snemy capabilities
to inflict lcsues approaches the upper
limd 59 of Table IV.

4. PFor a calculation siniler to that for Figure 11, but
against far tarpets and the opposition of 2000 enemy
intercepfors based within range of the bombar track,

' the following changes in the conclusions of Fig. 11
would be noted:

wpasta oy .
R AT T A i e A e

a. The B47, bacause of its smsall bomb load at
such reanges, should dellver tons per loss
comparable to the other aircraft only for
small raeids, if then,

HN RS RV REAYAAAYR oA

AL R SR At

b, The B50, capable of maximum loads at far,

as well as near, targets, should do about

! as well as the B36 so far as this measure
of effectivencss is concerned,

L
ETRRTEAIIR S Y s s

VRN

HEN
5

#:‘f*

c. Tons of boubs per aircraft lost should be
of the order of 10-100 tons, rather than
the 150-450 tons of Fig. 1ll,

R B AR AT NS

5. Lven though a particular aircrat't and flight plan may
be expected to ylsld a favorable measure of performance
in terms of bombs delivered per sircraft lost, such
operaticn mey not be fessible becauss of very large
raid sizes necossary to hold loasses to rates accept-
eble from the standpoint of crew amd national morale,
Table VI presents eatinatsed minimum size of raids ree-
quired f'or piven becaber loss rstes. Thie table is cal-
culated under tho {oliowing sssumptions:
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The range of ostimated losses 13 as
shown in Table IV (the lower value for
each entry of Table IV relates to the
lower 1limlit of axpected losses, and -
vice versa).

Raids are oppossd by ths numbers of
eneny interceptors bassd within range
of the bomber trsck as shown.

Size of raicd is the mumber of planes
dispatched, not those dolivering bombs.

Aborting boumbers suifer no losses except
non~-oporational loasses. )

VI, when considered in conjunction with
it will boe noted that:

The hipghest possible performance flight

plan will probably be required of any

eircraft, repardleas of penalty in

bombload, unlesa very large raids can

be dispatched, i

The B47 now seems quite attractive,

relative to other typses, because of '
the small reaids posaible with this

aircraft at low rates of loss.

Even when loss rates as high a3 23%

are acceptabls, as may be true for . \
delivery of etom bombs, raids consider-
ably largor than the 8-10 proposed
should be regquirsd--except possibly

for the B47 operating egainst near tar=- '
. gets. :

The refuvelling requirements for these
flipght plars, snd the technical diffi-
cultios as.oclated wilth successful re-

"fuelling ol large flights of alrcraft,. .
may prevent railds of the sizes ostimated '

in Table VI.
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I. ESTIHMATCD FORCE REGUIREMENTS - CONVENTIONAL BOLBING
CAMPALGN

l., Some 50,000 tons of bombs per month ware dropped
in connectlon with the highly successful cam-
paign egeinst lend transportation in the ETO

RS A ST T R DR RSN A
¥ g e

g C during 1944 and 1¢45. This leval of affort 1is
& . taken to be typical of thet required for inten=
§o i sive attack of a tariet system.

B $ -

3

. e Table VII provides estimates of the eircraft ree
Pl quired to daliver such a campalgn from North

American basos., This table 18 preparsed under the
following condltions:

a. The bomb dellvery capabilities of
Table III and the loss rates of
Table IV ere sssumed,

: " b, Bombers euploy a refuelling and flight
. . plen to yield the most favorsble bomb
) : tonnage delivered per alrcraeft lost.

¢, Bombers ars faced with a force of 1000
operational enemy interceptors based
witnin range of the bomber track for
near targets, 2000 for far tergets. ‘

d. Alrcraft requirements are expressed in

terms of estliieted B35 equivalent
numbers.

N Ay o S n 4.1,' L e d et FIReL )
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3. From Tuble VII 1t will be noted thut:

%
a. Aircraft required to be on hand -is of %
the following general form, (although 2
numorous adjustments nust be made for 7
| tanker sortios and rsquiraients, none
5 oparational lossas, etc.).
v
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? N2 gt SagyTy where
) ' " B = Tons of bombs required per month,
: - b = Bomb load por bomber sortie.
i 8 ¥ Sorties per month per bomber,
;’ a = Abort rete.
: £ < Los3 rate.

. ' It will be seoen,,therefore, that the
. number of bombeirs rsguirsd to be on hand
for a campaign i3 proportional %o tona

B of bombs required pser nonth for the
. campalgn, and that loss rates of the

: : order of thoss shiown have only small
s - effects., Actually, dispatching small
raids hss the effsct of incressing on
hend rqaulrexonts somswhet to provide
aircraft to carry the bombs which will
not resch the targat because of the

S higher loss rate.
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- . - be The alrcreft on heud force requirements
of this tsble do not depsnd greatly,
therefore, on the ascumptions of thils
study es o louscs wajes or the numbsp
of Intercenconrs Lo LS ancounterod.
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. . ¢s Requlred replacements of aircraft on the
: other hand, are nearly proportionsal to

,

X ’ boniber loss raltes, end, therefors, the 3
use of smell ralds increases monthly E
. . replacements, %

' d. 3ines forca requirements measured in

. aircraft on hand, aircrafs replacements,
and bases for a campsign ars increased
by the uss of small raidas, such reids
would eppoar %o be limited to objJoctives
or operations unsuitable for large groups
ofta rexraft and which justify high loss

rates.,
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. A campaign to deliver 50,000 tons of conven-
tional bombs per month from North American
bases would appear to require a force of
3000-6000 B36 sircraft, or their equivalent,

! and corresponding basas.

f. As emong ailrcraft tvpes,  the B36 appears to
have scmewhet smaller on hand and replace-
ment requirements than the B50. or B47 for
a cempalgn against near taigets. Agelinst
far targets, on tke othep Hand,. the BSO
may be somewhat preferable Lo the B36, since
it should still) deliver its mexinum load.
None of the differences in requirements among
elrcraft ore significantly large, howsver,
in view of the urcertainties in performance
cheracteristics on which they are based.

Jo ESTIMATED FORCE REQUIRUMENES - ATOlL BOMBING CANPAIGN

l. It has been estinated that the-lethal area of the
Viorld YWar II atom bomb is roughly equivalent to that
of 2000 tons of conventional bombs. A cempaigh to
deliver 25 atom bombs per month will be chosén for an
exanple of force requirements, therefore, so that it
may be releted to the 50,000 tcns/month conventional
campalgn dlacusssd above.

2., Table VII1 provides estimates of the aircbaft reguired
to cerry out such a campaign from lerth Anerican bases,
This tuble 13 prepsred under the following conditions:

a. The only requirements 50Vaihing raid size
are:

l. That it deliver, on the average, one
atom bomb per reid. (It works out that
ralds should carry .en sverazge of 1.6 A-
bombs to n@ar tar etf, } 7 bombs to far
targotd.)

2. That no mors than 254 of atom bombs
dispatched will bs lost to ensmy action
prior to drop.
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It is assumed that losses end aborts will
occur among atom-bomb carrying plsnes in the
sane proportion as to other planes of the
raid, but that aborts will bring bombs safely
back to base. (This assumption nay not bhe
reasonable if the use of diversions or selece
tive placing of planes in a raid can reduce
losses to A-boribers,)

Bombers employ a refuelling and flight plen
to provide hlghest performance with a 10,000
pound load (Figure 3),

Loss rates of Table IV ars assumed,
Bombers are faced with 1000 ensmy inter-
coptors basuvd near track for near targete,
2000 for far targets.

Alrcraft requirements ars axpressed in torms
of estinmated B36 equivalent numbers.

3. Prom Table VIII . it will be noted thet:

Since the condition is set that no more than
250 of A-bombs (and, therefore, alroraft)
will be lost besfors drop, overall aircraft
loss rate is constant at 35-40%.

Because of the higher overall loss rate, raid
sizes are smaller than those of Table VII. If
such a loss rate 1s unacceptable, reid sizes
would be those of Table VII. As rald sizes
increase to reduce losses, the nesed for the
A-bordb may tend to disagpear, since tha
larger rald may be capable of carrying the °
equivalent of cne or more A-boubs in
conventional explosives.

Since raids per month, rather than overall
tonnage of loads of all alrecraft, is now
fixed, force requirements will vary with

rald slzs, and Jdepend cn enemy capab 1
to inflict 1ossasf vy capabllities
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d. It should be possible to carry out the
. A-bomb cempalgn of Fig. VIII wlth a
far smaller inventory in aircraft and
bases on hend than the presumably
equivalent (for soms targeiz) conven=-

o ———— Y 4T Ay

tional cempaign of Fig. VII. HMonthly %
replacements of aircraft, howsver, may a
be comparable to--~0r even excsed--those 2

requirad for the cenventionzl campaign.

:{.%;‘_4 ! )

e. As among elircraft, the B47 appears to
enjoy an advantege in smeller force
requirenents for attack on targets within

o

PR R

. 1ts radius, Theo B36 may still be superior
to the BSO in force requiremsnts for this
I’Olea 2
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