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SUMARY -AND1 COUCLJ§10OHS'

~, For tho inii~Ation of naval agencdie 1,rticptn
in joint pnina study h*;s been, niade, of cedrl ti
factors reltod to the facsi1biiy fL curren -.plans

fo wey long rNge 'strategic b::fbing Crom rt

USSR targit r'eas cix'ca 1950 h~ c~ siae
foir typical raodlun. and hcaVY bmen.tv 3,BO
and B47. Account- has rba'an taK1sin of -"the _fcts o f

re ering, andfth uto o f hi gh aIti tue and
high spee~d. 6ithin the- ILM ts, -of aiint 'knodgeSP-
?!iapgn~tudtqs have been sup, -stea1£o ekboctod lo 8e
--and -abcrtb. Theef'es of aiato jzp V'
boifbing accuracy, diversi'onary -rii~ ad -hquri of
darkness are discuissed. These m~wsiur bpa,-r6eion,
combiriod -to coaparo -the relitiq3 utbifitie o
aircraf1t types and flight p1lno a -d to, providi6
kough estimas of f or :qp nsquiret.15ts- -ore cozxvntional11R
or atom bomb.Ing eampa1Igs 0 -

31 Measures of the economnic ospt, and the co at' in

aircraft, flight plans -and- ref-46l1i-fi -plane,'-

of enm~cir r s follows:

atUSe -of the -B36 *a~ h .bombeor~qie
-lowest dol ti cost -or- -Utl e;Cpendituri
per ton ofbjso'tetjes consdrd
'Unes of the flS0-oii B47 as- 19 bomber geneiiilly
doublos -the do2.lax' P.nd futil o~st pojr toni

-of bombs over that fi -the 03G

7 b. ie~elli~S~era.ty e~du~esthO_,codt-and -

fuel per --ton -of -b-O-b-s -,ov- Po-9u~l
cotandv asd6 r.6dslihrpetomne

over enrny-territqty.
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a. Use of 44, OOQ ft. altitude over ESqwopi
by -the BS6 gancrally reduuoa bomb
load's to about haulf thoso for juaxi- , -

*um range flight plfins A reiqire-
m nt 'that mviimu syead' used-atont
1/3 oft the itle oter Europe' to pro-'
vide reduction 1rno~ses -to, enomy,

acio, oudfurther re!!uco -bozb'
loads.

d. FrmUio i to~rIbe h cl locab

Without raifuollirt at- from, 1/2 to"
1/5 the eo3t and Tfvicl per tOh-&3s wi-th

* refuelline from- Vert-b Amoricai -bases.

4,,) Tentative m~easures of' loszes And aborts have
been estinateds usi.nG as a 6tartinq polnt the
planning factors racorx-aenc5~d for uso by the6
Air Force, 'Withi coiacluslon,6 as fd11owsi

[a. With enemy interceptor -capnbil-itles.
as estimated for 195,. losseat
enemy f(ightors sh ud be- ptodominant4
Opcratlqn.Al lasse.q tnd lossa to-A
are much leas important.

b., ior a giveni force of enquy interdtiptorsj
the- Iubsouto- number of bdiirs lo'st
to enemy aption-from any rald should
be- about donstant foxi an ~vqn bouiber-
type, bomLber tactic and eneimy eff icenty 50

rdloss or' the _ Iza-c -~th6 raid.,

0, It -is oetimated -tha per 1000 oi.oratioma1l
Antelrceptors- boued_ within f'n of a.
bomber-tri)ck, theire- would be- -lbst 5CY-100
B- '6 frm-yrid at- low altitude-
1o430 iM ic & eatituidei, 4.iC20 Mt L!,i

s~tiude nd i-h spetid. Moaa to- %,50
air~ttshuldb-1 -coipairabl, -to those

of the B36 utte147 raid -rady li

Al CLASSN



12d JCy~ 4 hanges in the-gene'ral level of estimat"d

loss ratos would be the sama an changes-
in the number of defensive enemy nt.I
The enemy ma~y, therefore,, affst iqMividual
inefficionces by increasi~ug the number of "
units devoted to daense.

50 3 The hours of darkness available for cover of bombers
g over enemy territory is measured as 0b th efets

of season of the year, target area, aircra*' tsaed
and base location, with the Ifollowingr conalusions:,

a. Althog in Iidwintor all bomber hours
over Zuope can be ihi darrlnes&, ref~uelling

mylikewise ltnecessary In darkn~.
Suc reuelin-maynot be iechnica-Ily

or operationally feasible,
b, Daring a substantial portion of the year,

. the bombers considerb~d wil.l be unablo to
operate over polar regio.s a~alnat many
USSR targets without considerablo excposure
over Europe durih- daylitght .

ca tVse of the B4?, by reason qf Its greater
iopeed, may avoid or reduco -'substantially
any daylight hours over E-urope which m~ght
be required for the B36.

6.,. A measure of effectiveness to combin~e bomb delivery
capabilities and expqcted losses-tes of -borai
delivered por aircraft lost-is dibduzssed ,with the.
following conclusions:

a. 'lone of bomibs delivered pozr aircraft lost
increases continuously WNith site of raid.o

b, For the 'levels of lo3za coru'idered 2:jo*
performance flight plans 6o not seem

*advisable, since increased bomb loads are
more than offset by intreaaadjlossoei,

a. The B47 m~ay actually deliver iuore-bornbs
* per aircraft lost than the B6., or 550, Wa~r

certLain circustarces,

U 9, Ifem
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7. Miniim= rsid -sizes required for given bomber
loss rates are comp~uted,, with the follovdng
., conclusions:A

a, Raid sizes of upwards of 120 B336 or
1350 aircraft.-up to pe.rhaps several
thousand--may be necessary if bomber --

* loss rates are to be held to 5%1 In
the face of an enemy force ol a thoisaand
interceptors based an routs. PF'ir Instince
120-530 B36 (the epread 41thin the bracket

*depending on bnenxy ef f'icieney) -may be
required for a raid at hig~i iltitude
and high spee~ with 2100-t400.reqi~red
for a raid at lowver altitude and crulsirg
spoed. Refuelling requirements, and the
technitdal diffictties associated with
successful refuelling of large fliph t
of aircraft, may prevent raids of these.
sizes. _

b. 11he B47 seems quite attractive, relative
to other typos, bacause of the small
raids possible at low rates of loss.

c. Even when bombdr lose rates as h1igh asl
25% may be acceptable, as may b-3 true
for delivery of atom bombo; raids consider-
ably 'largor thain the 8-10 contomplo-tod

* by current Air Force plans may be re-
quireci--except possibly for the B47 W
operating'against near targets.

S. F~orce recquiremants of a".xcraft on hand and monthly
replueemouts are coriputed for a conventionalA
bombing csm:;aig&a from North American baea3 OfM
500000 tons jer month with Cho following conclusions:j

a. F~orce requirements in aircraft and-bases
on hand for such a ca--dpeip~p do not de-
pond greatly on a~j9%;rnptions ae to lose
rates or eremy doeoasive s1tren~rth.I
Aornth3.7 re; laoeme1nt3- On. the other hand,,
are nearly propen't 6nal Vcb loss :rtae
amnd dpprewbc as rasid sizes increase.

/S
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b. Such a campaign would app~ear to require
an operationial force of 3000-6000 B36
aircraft or their equivalent, and bases
for them.

9. Foc euieet for an atom bombing campaign
frm orhAmria bases of 25 atomi bombs per

month have boon estinat~dv the only conditionsI4
being that on the average one atom bomb per raid[
be delivered and that no more than 25% of bb
be lost to onommy action prior to drop. Conclusions
are as follows:Aa. Raid sizes of 12-170 B36 aircraft, 40-200

B50, or 6-18 B41 (to some targets only)
may suffice, choices within tho6se, ranges

F of sizes depending upon enemy opposition.

b. Blomber loss rates of 35-40% should be
k_ expected for these raid siz~es.

a. If such lose rates ar unacceptable
larver raids would be required and the
U.- Iness of A-bobs would tend to
di. pear as the calacity of the raid
In - 3flventional bomba bacome a equivalent
ti one or more A-bombs.

d." It should be possible to carry out the
sample A-bomb campaign with a far
smaller Inventory of aircraft and-bases
on hand than for a presuvi.bly equiva-

r, lent convontional bombing camipaign.
Monthly replacements of aircraft, how-
ever, may be comparable to--or even
aeced--those required. for the conventional
campaign.



S&ECRT (LO)931-49
12 July 1949

10. It is considered that this study may provide
useful insight into the factors affecting the
feasibility of very long rang bombing from
North American bases. AsstumptionA as to air-
craft performance, enemy capabilities and
forces available, and conclusions as to the
effects o1 aircraft type or flijht i lan, and
force requirements are tentative only. bome
relovant factors have not been discussad. As
more precise knowledge--or assumj.tions accepted
for any particular operational situation--
become available, however, they can be fitted
into the framework of mea~sures developed here.

A. INTROiCTION

1. Various agencies of the U.S. Navy, by reason
of participation in the activities of such
Joint bodies as the Joint Uhiefs of Staff,
the Research and Developmont Board and Its
Committees, the Air Intelligence Division,
and the Atomic Energy Comm-ission, are required
to form opinions and join in decisions regarding
the feasibility of current Air F'orce plans for
strategic bonb Ing. A

2. In accordance with requests from Iaveral of
these naval agencies, a study of certain factors

affecting the feasibility of such bombing hat
been made. The effects of each such factor
on the feasibility of contemplated operations
has been estimated, within tho limits of current
knowledge. All information ccncerning aircraft
performance, vulnerability, etc., is taken from
sources normally available vihin the Departrnent
of the Uay. herevor po.siblf, planning factors
promulgated by the 4ir Force hi ve been used as
an initial basis for vitiasureme .t.

10

/!
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3. This study examinee the proposa! that particular
medium and heavy bombers, operating from bases in
Alaska or the United States,'may be used to deliver
an effective attack on strategic targets in the USSR "
utilizing the following tactics:

a. Bombers may be refuelled in flight.

b. Attack missions are unescorted beyond
the combat radius of fighters from home-
land bases, and normally u3s cover of dark-
ness over enemy territory.

c. For atom bomb attacks, each attack flight
normally will consist of ohe or two bomb
carriers plus 8-10 simillar planes for
defense and RCM activities.

d. For each "live" atom bomb strike two or
more diversionary atrikos of similar sle,
carrying conventional bombs, may be employed.

4. For the purposes of this study, all targets were
assumed to lie in the area bounded by Moscowt Odessa,
Chelyabinsk and Balku. The range of distances of these
tarrets from possible base aroas is approximately as
follows:

a. From Alaska or
NE. United States ZOO-4500 n.m. 31

b. From United Kingdom 1400-2200 n.m. 0
oe From Cairo-Sues. 1500-2000 n.m.

5. For the purposes, of tis study, the following aircraft

o.were considered:

a. As bombers:

1. B36D with Jet pods (hereafter B36)
. B5OB (hereafter B50)

3. B47B (hereafter B47)

b. As refuelling tankers*
1. M 3B (hereafter B36T)

*In preliminary investigations, the use of a stripped B29 as
a tanker was conside-8d, but since analysis indicated it to
be loss efficient in that role than the B356T, only the latter
is used in tis study.
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6. The suitability or military worth of the use
of weal.ons of rass destruction against enemy
cities was not considered in this study, and
was not assumed3 In view of current divargent
opinions, (references (p), (q), (r)), this question
should be given separate study.

7, No comTparison was made in -this study between
the costs, rates of losses and force require-
ments for the bombing proposa~l exainod, and
similar factors 'fo attack by means other than
medium and heavy bombers. Such comlarlsons
have been made tentatively In references (a) and (O)s

B. AIRCRAFT 1L R FO H 14 C4

1. Reoferences (a) and (b) provid3 di'Ua concernine
*performance oC intdium and heavy bombers for
sample missi~ons, Typical data available from
such sour'ces are th- ,e appoaring In Tkable I.F r. 2. Performance data similar t~o that of Table I
are not by thenrsJlvos suitable for estimating
the capabilitiet. of bombardme-nt aircraft to
perform the typt of mission contemplated, for
the following ri, ason.:

a. Blomb ..oads ut combat 2-adii other than
those of Table I nu .t be e'-imated.

b. Naith r the average Lor the combat
speed iof 'Table I ar t typic tl of
airc-' it speed over .rneiuy t )rritory
dtxni S that portion 0of the "lig~ht

~ when )nomry measutes -aill bc encouniterod.
In f's 3t, speed normally che iges con-
tinuc aly viith aircraf t wal Sht or

12i Ae
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c. The sample fliaht plans of Table I
" utilize altitudes less than those of

which the aircraft are capable, and
which are so low that the A/C may be
excessively vulnerable if these alti-
tudes are employed over enemy territory.

derived from estimated power, lift, drag, and

compressibility characteristics provided by the.
Design Research Branch of BuAor, and using
graphical methods of computation outlined in
reference (c), more suitable performance data

*have been calculated.

4. Such performance calculations result in Weight,
Speed, Altitude diagrams of which Figures 1
and 2 are examples. From such diagrams, the
following may be estirig ted:

a. The bomb or weapon load which can be
* delivered at any distance from. base,

for any flight and refuelling plan.

b. The distance from base to which a fixed
weapon load, such as an atom bomb, can
be delivered, for any flight and roe-
fuellinZ plan.-

c. The speed of tho bomber during any
portion of a flight -lan, for use in
estimating vulnerability to enemy

* 'defenses.

5. For the purposos of this study, the carchilitles
of the bombers considered will be examined for
each of the 'follovuig flight plans.

a. B36,

1. Plan Able; S1milar to that of'A
Table 1 and refe.-ance (a). iAost
of target approach at lOOOO ft.
bombing and withdrawal at 25,000 ft.
4conomical cruising steed, except
for 1/2 hour at normal power with
rociproc:ti . &nd Set engins.o in
the target &rea.

A~ Li.---- k i"
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2. Plan Baker: Cruise out and climb 9
asto reac 40,000 ft. atu.iuropean6c aft,
remaining at 40,000 ft,-over enemy
territory. Economical cruiping speed,
except for 1/2 hour at normal power
with all engines in the target area.
Refuel on return at 25,000 ft. (B3,8
cannot refuel on outward leg under Plan
Baker because non-ref'uelled iveiLht on .
reaching Europe is maximum at which
40,000.ft. may be reached at normlpower
on all engines.) po. e-

3. Plan Charlie: Same as forAlan Baker,
except tGhat enemy activity- £orces use
of maximum speed during 1/3 af the
nmi-s =own over enemy tarritory.

b. B50

I. Plan Able. Sinilar to that of Table I
'i nce (a). Most of tar 't -

approach at 10,000 fto,bombing at 25,000 ft.
with withdrawal at 0,000 f'. ECnomical
cruising speed, 3xcept for 1/2 hour at
normal power in the target area.

2. Plan Baker: Cruise out and ret'el at
" TaUP, climb so as to reach 36,000 ft.
at the European coast, remaininG at
30,000 ft. over enemy territory. Bdo.i
noraical cruising speed, except for 1/2
hour at normal pow.-er in the target area.

C. B47
i . .Pl an Able: Siwilnr to that of Table- I

O r(tude increases

":continuously and is the m3iaximum at
: . wideh normal power would provide 300 ft/min

climb* Econoical cruising speed, except
for 12 minutes of normal power in the
target are a.

1. l• bNlI: -W[ED A
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d. Refuellingj

1. It is assumed that air ref'uelling
on either or both outbound or' in-
bound legs of a flight is feasible.

*2. It is assumed that both bombers
and t anlcers are based In the same
area, (Otherwise bombers should

* *pr6bably operate frorai any forward
base suitable for refuel-lers.)

3. It is assumied that bombers cain
be refuelled up to, but not be-
yond the gross takooff weights
of reference (a) and TLable 1,

4. It in assumed that refuell~ng
must be soconillished befora
reachinG :Europej and thus a
refuelling limit 2400-n.m. from
base Is established,

6. Typical bomber speeods w:hile over enemy terri-
tory have been estimated from the aerodynamic
data available and are presented in Table 11.

UNLLR~flr41

q1A.
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C. BOW BE DLIVERY CAPABILITIES (WITHlOUT CONSIDERING LOSSES

OR ABORTiS)

1i. In comjaring the feasibility of alternative
methods of delivering conventional bombs, two
general criteria ajpear to-be appropriate,
as follows:

a. Economic Cost: In general, each unit
of military accomplishment should be
achieved at the lowest cost in-national
effort, as measured in man hours, or
dollars. 'Lhe economic cost of building,
basing, and operating aircraft (excluding
the cost of losts to enemy action) may
be taken to be roughly proportional to
the number of aircraft empty weight ton
miles required to be floui for each unit
of military accomplishment. For the type
of mission Under consideration, the air-
craft dry weight ton miles per ton of
bombs delivered appears to be an ap-
propriate measure of cost. For com-
paring various aircraft types, expres-
sion of all typos in equivalent numbers
of one of them in costs of procurement

*.-and operation may be useful.

b. Cost in Cheap but Critical Materials
suhasviatio Ue1r it availabi ity

Of such required materials as aviation
2fuel may be as great a controlling factor

in determininG the feasibility of a type
of military operation as the economic

* cost of that opration. T" is of fuel
required per ton of bombs is, therefore,
a significant measure.

2. Table III, derived from teight, Speed, Altitude
diagrams previously described, sumarizes the
bomb delivery capabilities of the various aircraft

20
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ons~idered, and measures of cost. It illustrates
the effects of refuelling and the use of altitude
and speed. e'or purposes of coinparison, capabilities
of the same aircraft from 'United Kin.'rdom or Africar bases are estimated, as are measures of effort of

K bombing campaigns during 1'orld Uar 11 derived from
reference ()

3. F'rom Table III, the following general conclusions
* may be ncted, while bearing in mind the fact that

considerations of aircraft losses or aborts have
not been Introduced,

Fr.'m "laska or I-laine kbast3

it. Use of the B36 as a bomber requires
lowest cost and fuel per ton of bombs,
on near and far targats.

b. Refuelling of the B36 one way can enable
reaching ,of far targets--or near targets
If maximum aleed part of the time over'
enersy territory Is required--and reduces
grea tly the cost and fuel per ton of
bomabs.

ceo Refuelling the B36 twice can further
reduce the cost and fuel per' ton ofj bombs, but only I+' low altitudes over
E~urope are acceptable.

d. Use of 40,000 ft. altitude ovar Eproper by
the kU36 reduces bomb loads to about
half that deliverable at lower altitudes,
and roughly doubles cost And fuel per

* ton of bombs.

* *. A requirement that the B36 fly at 40,000 ft.
and employ maximum, speed for 1/3 of the
miles over ~ urope would further reduce
bomb loads and prevent reaching of farZ
targets*.-i

24
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f. Use of the 050 as a bomber generally doubles
the cost and fuel per ton of bombs over use
of the B36.

g. Refuelling the BSO also reduces cost and
fuel per ton of bombs over non-refuelling,
and refuelling twice should enable reaching.
far targets with maximum bomb loads.

h. Use of the B47 as a twice refuelled bomber
should allow delivery of bombs to near
targets at costs co-.rarable to that for
the B50o Although the b47 could reach far
targets, loads would be small and costs
per ton high,

From Overseas Bases

i.- -erom United Kingdom or lorth Africa bases,
bombs should be deliverable without re-
fuelling at from 1/3 to 1/5 ths aircraft
cost and fuel per ton as. with refuelling
from North American bases,

3. During 'orld War 1, bombs were delivered
at 1/6 to 1/5 the aircraft cost and fuel per
ton as would now be required with refuelling
from North American bases.

k. It should be noted that the bomb delivery
caiabilities of Table III are calculated
on the basis'of somewh-at optimistic per.
formence data, and with no allowance for
fuel reserves,

SECRET-
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4. For delivery of atom bombs , measures of capa-
bility somewhat different from those of %able III
may be applicable. Here, cost or delivery is
less important because of the struiegic scarcity
of the bombs thenraelves. Capability of delivery,
therefore, is measured by comparing the distance
at which A-bombs can be delivered with the air-
craft performance associated with such delivery.
Figure 3 illustrates such diatsnces and. the effects
on them of aircraft type and flight plan, with
the A-bomb assumed to be the equivalent of a
10,000 pound bomb load,

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

a. For the B36, on low performance flight
plan Able, a 10,000 pound load could
be delivered to near targets only.
Refuelling once ohould enable delivery
to All targets with cruise at 40,000 ft.
ove Europe, and to half the target
area on plan. Charlie--allowing 1/3 of
miles over Europe dt high speed.. Re-
fuelling twice would provide 1500-2500
extra miles of combat radius beyond
that needed to reach target area for
evasive routing--but at the price of
low performance *

b. For the 650, refuelling once should
enable reaching near targets wi-th a
10,000 pound load, and refuelling
twice far targets--in each case .
cruising at 30,000 ft. over turopb.

c. For the B47, refuelling twice should
enable reaching perhaps two-thirds of
the target area with this load.

26SUNC 5 IME6
• =;. 8WRET



UJNcLASSiFi E7

12 July 1949 
-

~~48

r4 IP4 r4

4m4 r..

H Iq0r iH0Hr- r -

.40

.10 UNCASXUt~cLSECI



't-7 _- - - -. - _

UNCLASSIFIED
SECRL T (L0)981-49

12 July 1949

D, TENTATIVE MEASURES OF LOSSES AND ABORTS

1. Decisions as to the feasibility of any plan for
a bombing campaign, the force requirements and

. replacements required for a sustained campaign,
and the relative suitability of alternative air-
craft types and tactics will be affected by
expected losses and aborts and their variation
with aircraft type and t actics. It is necessary,
therefore, to form sume estimate of the losses
and aborts expected to be associated with the
proposed type of operation.

2. Reference (b) provides estimates of operational
losses and aborts of unescor'ted bombers at
night. Reference (e) discusses certain methods
for deriving such plannine factors. Pertinent

S:estimates from these documents may be summarized
as follows:

a. For operations during 1948, an operational
loss rate of 2,2% to bombers at night was
suggested. 1,ow capabilities were assigned
to USSR defense forces for interception
or infliction of Anti-aircraft damage
on bombers operating at 25,000.-.O,00
feet at nisht. Alnost all of the 2.2%
was assumed to be non-enemy inflicted
loas,

b. For 1950, however, an enemy capability
of inflicting losses from interceptors
at night is assigned, which is equal
to day capabilities in 1949, To account
for saturation effects, the expected
lose rate of reference (b) is expressed

,* in terms of the numbers of units involved.
It is roughly equivalent, however, to

£an expected loss rate of ,1 BSO type
bomber for each interceptor (presumably
of conventional type) contacting a raid.

, ! TASzW
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c. Reference (e) 'estiMates that in the asae of
the Eighth AF during World War 119 .17
bomabers were lost per interceptor in contact
with the bombers themselves. A formuv~la in
augested in reference (e) by which this
loss rate may be adjusted for aseds of.

* participating aircraft# as follows:,

Probability of Loss per Interceptor in

Contact :1 -0* 96(VI VB')3
wkere:

V, Spoed of Interceptor

VE Speed of Bomber

do For anti-aircraft fire, an overall loss
rate of 2% is assumed for 1950 in
reference (b.

soe Reference (b) estimate-i that 16%. of enesmy
interceptors with operational units based
within range of a bomber route will sortie
against a day raid, and that 60% of those
sortieing can be expected to encounter the
bomber force. This estimate is based upon
World Wiar 11 experience in the UTO 'aGainst
the GAP in 1944.

f. Reference (b) estit;ates that 14% of bombard.*
mont aircraft dispatched will riot accomplish
their mission for reasons other than enemy
action (will abort). This factor in appli-
cable to all types of bombers and lengths
of mission# and likewise appears to be
derived from World liar 11 experience without
adjustment,

g.Reference (b) estimates that.1% of sorties
will result in non-operational loss of air-
craft (losses due. to causes other than enemy
action),.

SL1CHET
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h. It must be emphasized that the -above
factors-are intended as general auides
to-overall planning. k'or specific
plano in sjpeciflc areas, sj.ecial studies
are made. thsre no firm basis upon
which to estinte future experienceo~~xists, %,orld We r 11 factors- are suggested'.

until such a basis appears.

30 -The selection of loss and abort factors for
estimating the feasibility of the subject type -M
of operations, and alternative tactics, theretore,
requires further discussion. It seems mobt
reasonable to use as a starting point the plan-
ning factors recommended for use by the Air .Force T
in reference (b), altering them only as reason'
appears. In the following examination, the
following factors will be cons'idered separately:

a. Of the enemy interceptors with opera- "4
K} !tional units based within range of a

bomber route, the iroportion which will'
sorti_.

b. Of the enemy interceptors which sortie,
the jroportion which will reach an.

: , attack 1.osition on a bomber.

i ""c. The expected number of bombers lost
per interceptor attack.

d Losses to anti-aircraft fire.

e. Aborts.

,I. f. Non-operational losses to aircrafti

30i
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4. Proportion of Enemy Interceptors Which Sortie

a.The estimate of reference (b) that 16% of
operational intarceptors within range of
.*a bomber path will sortie against- a strike
appearp reasonable. Although derived for
day strikes in the BTO, its application to
interceptors equipped for action at night
seems sound. This factor, however, was
derived from a period when continuous day
and night raids were the rule, and -shot-ge
of pilots and perhaps fuel may have b6een.
limiting factors. The. limitations of aids
to a very small part of evch ight to- pro"

* vide maximum cover of darkness might consider-
ably increase the percentage of sortieing

fighters.
b. In the absence of better information, a

range of values of this factor of .15 - .2
for the B350 at high altitude will be used,

o. For bomber aircraft at other altitudes or
speeds, some variation in ttis factor -would
be expected. Higher altitudes ,normally
provide longer early wLyrning ranges, par-
ticularly against large aircraft. The areas A

fro whch ntaceporscan be gtee r A
staged in to reach a bomber track before
passage of the bombers is roughly Inversely
proportional to bomber cruising speed. This
effect might be true only at the periphery
of the enemy's defense zone, while deep
defenses would enjoy ample warning regard-
less of bomber speed. Separation of defens
belts, or evasive changes of course would

i " tend to prolong this effect, however, and
it will be used for this estimate.

UNCLASSIFIED
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d d. For the purpose-a of this study, after
consideration of the foregoing, the per-
oentage of operational interceptors asc-
tieing will be estimated as follows:

Pl° an Able 25:0%

Plan Baker, Charlie 15 20%

BSO
Plan Able 20-25%
Plan Baker 15-20%

B47 10-15%

*5 Proportion of Enemy Interceptors Sortioina WhichHeach- an-Attck Foa~tl:0-- U ...o ..

a. The general magnitude of the estimate
of reference (b) that 60% of sortLeing
interceptors will contact bombers is con-
firmed from several recent sources:

1, Reference (f) concludes that the
probability of intercepting maneu-
vering bombers at U4,000-40,000 ft. alti-
tude and 400 knots with jet fighters
is approximately 70% by daylight.
For a singlo bomber flying at 40,000 ft.,
this probability is about 60%.
These percentages are expected to
vary, of courso, with conditions of
altitude, visibility, radar warning,

2. Reference (g) concludes that evenJ . when evasive action in the form
of 20 degree bank is employed, the
FOO-A Jet fighter when limited to d
480 mph T.A.S. can Lnake sucoessful
and repeated tricking attacks on
bombers at 40,000 ft, and 430 mph.

C_
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3. Reference (h) reports that durina Exercise
"Dagger", 60% of regular squadron fightor

I sorties intercepted day B29 raids at

t action,, and another fifth to limitationsI. Iin 'Eround control.

A4. Reference (h) also reports that for
FExercise NDagger" night -fightexis, "Attack-

ing" bomabers generally at 18-23.000'
691P of control attempts resulted. in _an
attack after visual identification.- When
R014 wore used, this efficiency was re-
due o4,4 nte vrgec ih
fi&ter sortie comnpleted about one
combat

5. Calculations have been made of the
ability of fighters capable of 556k and
2g turns at 40p060 ft* to lnterdept~ 60k
bombers. The results of such calcula-
tions indicate that with reasonable 'Al

. radar performanco and drrors in control,
bettor than 80%~ of sorbleing f Ighters
should reach reair hemisphere attaick
positions.

b. Estimation of this measure, for the subject
type of operation, and of its Variation with
plane type and tactic is difficult because

-fits dependence on the following factors,
* among others:

V1. Speeds, rates of climb,, and maneuver-
Ability of Interceptors, which may
vary over wide litiitsv as Illustrated
in FiG. 4. taken from reference U)_.
(It should be notied' that the example
porformancos are without Al radar.

'.. .2. Speed and altitude of bombers,

I hI IL ik= 71
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3. Efficicncy and capacity of enemy
close control or loose control aye-tems,, "

4. The ef'iciency of the enemy in pass-
Ing interceptor control fom one
center to another.

. Perfcrmance of nemya AI radar e

i - ""6. Possible enemy employment of un-.

conventionl control systems such
Sas fropd large, radar equipped air-! craft which might "fly -Pormation"

on bombers for lonG dlsines over
prenemy erritory c

7. The efficiency of ROZA aanrt enemycontrol or AI radars,

c. In order to reflect the effects of bomberspeed, altitude and interceptor speed

oand time to climb, the following partly
arbitrary ethod of estimatlng the pro-
. dportion of ensy interceptor sorties

in contact, yieldins values Illustrated
Sprin Figo 5, was developed:

. -.- :1. The proportion of 60V& from referencea

(b) was aplied to current jet inter-.captors and B50 aircr aft cruising- A
at 30,000 ft. on flight plan Ba|kere .

2 ' . Under other conditions, interceptor
• -' effectiveness is taken to be pro-.'

• portional to the miles of, travel "
" at a velocity equal to the differenceJ1

in speeds between bomber and inter-
captor, for the time durin, which
a bomber travels 200 miles, less tle
time for an interceptor to climb to
altitude and loss 5 minutes dead -
time. ,

IMM,
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3. The formula, used for values of Vi". A,

is, then:

P a- .014(VI -VB)(TBT - - )

where: A

j P " Proportion of sorties interceptiz. '
(Probability that a- sortie w 41

•. Intercept.)

.014 2 nonalizing factor
•A

V, Interceptor speed (knots)

SVB : Bomber gpeed (knots)

TB 2 Time for bomber to travel 200 mi,
(=in.)

IT : Time for interceptor to climbL to altitude (mind.)* b

4. It should be noted that this assunes that
the enie interception oompleted

during 200 miles of bomber travel, elsedifficulties of passing of contro 'ae.
""will defeat the interceptor.- It also

assumes ta iet libs*s~ l
-thouh in fact its utilized in forward

travel and positioning,, With-less
.stringent limitations than those assumed,

• - the advantages of bomber speed and -al-
Stitude would be less then Indicated,

" d, For the purposes of this sbudy, after ion-
• I .. aderation of the foregolng, the percentages
. ~o 0 ortieing interceptors reaching an Attack
, i .position will be estimated a's follows:A

" B36
Plan Able 70-90%

Plan -ake, Chalie 30450%

C 7
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B50
Plan Able 80:80%
Plan Baker 40 60%{B47 10-20%

6. Epected Number of Bombers Lost per Intorepo
Attac.c".

a. This measure is also subject to veryjwide fluctuations depending as it does'A
on such factors as:

1. Interceptor armament and fire con-
trol system errors.

2. Bomber armament and fireo control
system errors.

3. Vulnerability of bomber to figiter A::Vleablt f ihe to bomb;t

59Fighter an obrtactic. regarding

6, -Altitude of anga~ement, which has
marked effects on projectile slow-A

down.

'7, Amount and distributi-ox of fuel in
the bomber at the time of attack.'

b, Current knowledge and Indications con-
* earning this measure include the

following:A

1. Reference (a-) esti: ates-that .17
botabers were lost per Intirceptor 7
In contact- in -the Eighth Air 1"rce

* during World War 119

IA
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V2.* Reference (1b) suggests a factor or .1
I ., for B50 bombers.

3. Reference (hi) states that, for ETO nigh
fighters, the overall ratio of enemy
airc'raf t destroyed to the nwibsz' of aorn-
bats Increased during World War I! friomS

V . .70 to .80. For second TAP night fighters-
in E~urope the mean leait"rate- -was,
fairly constant at .88 o'vera peodof
six months.

4. Reference (hi) reports thatp on, the- brasis
of gun cemera'fli =4d during day -com-
bats In Exercise "Dager"# 'of every.lO
intercoeptor sorties in e:.ffective combat,
32 bciabers Iftould have been destroyed,
alnA 50 probably destroyed. These con--
clusioria were on the assum.ption that
bombers wer~e uncrarmd, and on -the basis
of no reliable "bomber vulnerability data.

5. Reference ()summrarisbe results of
British wartime night fishter ---as o
various types of aircraft , Al radar, land

1 control methodi,* In -eneralq 301O of

wich 5O-?0% led to combat, of rwhieA
Ek 80-90% led to destruction or probableI . destruction of boijbera.io

.6., 7he function su&;ested in reference (a)
for adjustng this measure for ~iitffr-
ences in figchlei and bomber speed would

oild Values illustrated in Fig:@ C.
TiAs formula neglects-- hoWever, the
effects of differtnces in armament and
vulnerable areas among bomber and Inter-
ceptor types. Also, the e ffict;'ofrelam
tivo speeds Is not -belkesyed to b nesry1
&g (reat as tis formula would Indicate,#

* particularly beyn anInter~eptor speed
advantageof 100-160 kos
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7. Current studies of the outcome
of the fighter-bomber duel yields
of course, a wide range of results
as conditions are changed, Refer-
once (k) is an example of a study
bearing on this question which will

-.soon be supplomented by issuance
of Ballistics Research Laboratory

and OEG studies of measures of
effectiveness of specific bomber
and fighter armaments and the re-
suits >f corresponding duels.

8. Filg.'7 illustrates the range within Jwhich expected values may lie, for

the particular case of a 500 knot

Jet bomber and a 550 knot jet fighter,
tand assuming that both fighter and~bomber use optimimn tactics* A

typical value Cor-the case of a 5"
rockcet armed fighter sgainst a
20 mm tail turret armed jet bomber
(or a 20 mm fightsr as a .50 cal.
bomber) is believed to be .3
bombers destroyed per fighlter attack,

-. * with an exchange rate of between 1
and 2. Such results are derived
for rear hemisphere attacks. When
armament and sightinG oquipmout
suitable for front hemisphere attacks
are available, the relative safetyI of the fighter should be greatly
increased, with bombers destroyed
per attack probably decreased
somewhat. It slould be noted,
lhowever, Mhat no exchange rates
suffici6ntly large to doter inter-
coptors from presing home attacks
are to be expected.

ttNCl ASSIFED
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9. For the particular bombers examined,
no precise vulnerability data are ,
available. In general, however, the
followin& appears to be true:

a. As the size of a bomber increases,
its vulnerable area to contact
weapons such as 20 mm increases,
while its vulnerable trea to frag-
mentation weapons decroases.

b. Jet engines are much more vulner-
able to .all types of weapons than
are reciprocating enginos--by a
f-csot6..- of two to fL';"

a. For the purpose of this ; ,after con-
sideration of the forego:.ng, the number
of bombers lost per interceptor in contact
will be est.lmated as follows:

B36
Plan Able .30 - .40
Plan Baker .20 - .30

*Plan Charlie .10 - .20

B50
Plan Able .30-- .40
Plan Bakez, .20 - .30

B47 .10 - .20

7. Losses to Anti-Aircraft i ire

a. The estimate of reference (b) that 2%.
losses to anti-aircraft fire should be
expected appears to be a reasonable basis
for this study. It provides for the use
of VT fuzes, but not of guided missiles
of the Wasserfall type which mey even-
tually increase this rate.

*All combats are assumed to take place
at cruise speed, except for Plan Charlie,
where provision has been made for use of
V max. during 1/3 of distance over Murope.

42

C.~~ -CM s~ F i-* fr



(LO)ool-49 UNC A 1
l2hJuly 1949

Calculated for mazy Weapon
combinations, vulnerable
areas, rounds expanded,
altitudes, and fiZt.er .
approaches.

As Bomber Armament Improves,
As Bomber Ammo. Zxpenditure
Inorease.

-- 6

k4

As Fighter Armament
Improves.

S\ As Bomber Vulnerability

Increases.

0,.2 .4. .6 . 1.o
Probability Bomber Killed Per Fighter Pans

FIG. RANGE OF POL8IBLE BOM4BE-PFIGHTER DUEL RESULTS
500 K Bomber VS 550 K Fighter 1
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b. Considerations concerning application
of this measure to subject operations
are as follows:

1., Losses to AA should be inversely
proportional to aircraft target
speed, since this deteimanes binhe
in the firing Area and the volume
of fire received.

2# Small' reids should sustain hi;her
peroentage losoes than large raids,
because of the groater AA concen-
tration per etrcrnft of smsll raids.

3. As noted previously, the B47 would
be expected to be more vulnerable
to fraguenting AA than the B36 or
B5O because of its jet engines,
although this might be offset by
relative fuel quantities and dis-

tributiono

4, Losses of bomibers to aimed fire from
conventional guns firing VT fuzed
anaunition should decrease rapidly
with aircraft altitude, particularly
as such altitudes approach the max-
imum gun range. Reference (1) pro-
vides a function for single shot
hit probability taking the following
form:

p(r) a b r

I. where

-- single shot probab. llty.
Ia

a,b constants depending ona
gun and fire control
system errors, target
area etc.

'i2i
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Expected hits £roml aimed fire on single
aircraft (rather than formations) may.be estimated •from the function.-

.fo(r) n (W) dr

where:

It Expected hits.

n = Rounds fired per unit change in r.

R = M1aximum open-fire range of guns,

h" Aircraft altitude (minimum range
of guns).

5. Figure 8 illustrates an example 6f the
* relative differences with altitude of

expected hits from AA.

c. For the purposes of this study, therefore,
the esti.mate fOr losses to AA of reference
(b) will be taken to apply for B50 aircraft
at 30,000t altitude on flight plan Baker,
other conditions adjusted for speed, alti-
tude, vulnerability and size of raid as
follows:

* B36
Plan Able 4 or 2%

. Plan Baker, Charlie .8 or .3

• * BSO

Plan Able 6 or 3%
Plan Baker 4 or 2%

B47 1 or .5%,
whichever is greater.

"45
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8. Aborts

a. It does not seem reasonable to assume
-that the percentage 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
Command operations, but the following
should be noted:

1. From reference (d) it appears that
about half of ETO aborts were due
to weather, a quarter to mechanical
causes, the remainder to other
reasons*

2. On tho other hand, the XX Bomber

Coramand, flying from bases where
good weather prevailed, on longer
rmissions, using night tactics where
formation flying was not required,
experienced very few aborts due to
weather. Ti .e quarters of aborts
were due to mechanical causes.

& For the subject operations, mechari-
cal aborts of a type varying with
sortie length may be predominant.
Improvement in powor plants way be
offset by the effects of demands
for high power settings for long
periods over enemy territory. Heavy
reliance on radar, a fruitful source
of mechsnioal trouble will tend to
increase aborts with lenGth of
misslon, as may the necessity for
pressurization of aircraft.

b. For the purposes of this study, therefore,
aborts will be estimated at 5% plus 5%

:. per thousand miles of combat radius.

"' N.on-operational Losses

a. The estimate of reference (b) that 1%
of sorties will result in non-operational
loss of aircraft may be somewhat optirmis-
tic during the enrly phases of a war for"SA
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operations with relatively inexperienced
crews from and over Arctic territory. It
checks ell, however, with late World War II
experi ence.

b. For the purposes of this study therefore,
non-operatiolal losses will be estiiaated
at 1% of sorties, bomber or tanker.

10. Summary and Discussion of Loss Factors,.

a. A summary of tentative measures of losses
and aborts appears in Table IV. ?rom this
table it will be noted:

1. Subject to the severe limitations of
present knowledge, and the validity of
the methods of this study for developing
relative loss measures, it appears that

a. Changes in flight plan of a given
bomber--that is altitude and speed
over enemy territory--can reduce
losses to enemy action by 1/2 to 1/10.

b. Expected losses to interceptors as
between B36 and B50 are comparable
for comparable fligtW plans, but
the B47 should sustain roughly 1/4
or less the overall losses of either
conventional type. If the B50 were
cap,.Die of sustained operation over
enemy territory at 40,000 ft. altitude,
its loss rate should be considerably
less than for the flight plans con-
sidered.

PA

2. For a given enemy force of interceptors,
the absolute number of Bombers 2ost-to
enemy action 31hould be ru ontn.

.or anyI ive unn FIe e b r tactic,
and e notenye 'icy incy other words,
expected losses to enemy interceptors
per raid should be considered to be a
constant number of aircraft, not a per-
centage.

.'UNCLASSIFIED,
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3. The effect of chalnshes :in the-genora
WN-I o?'ia meas-are s of Table IV

ro1t3 samea 11s rit7Vll~c of 1575
In-ig M nber orrn;y nt*i
oter -aoras, Mhe e n omy rmay offseeb
individual unit iniefficiancies' ,by
inoreasing the number of units.

b, It is believed that the general level -

of these estimates of losses are favor-
able to the boi.abers, siiica theoretical
enemy aircraft in World War II, and
current trial.s indicate that consider-.
ably Greater loss rates are possible.
The differences in moaisures among air-
craft and flight plans mzay, howeverp
be too' larige, since every possible ad-
vantage has been ace arded to speed and
altitude.

Be NAVIGATION ERRORS AIO BOMB3ING ACCURACY

1, The feasibility of the subiect type of operations
may be adversely affected by:

a . Difficulties in locating and iaentifying
-unfamilier targets after very long flights

at night end Mh~ -.1titud-3, over poorly
charted elerj territory,, with consider-
able dependence on radar navigation,
which in turn depends for its reliability -

* on accurate radar-mapping and the ab--!4
sence of successful enemy decoys or
countermeasures*.

'b. Difficul'tio3 in dropping bombs with
acceptable accuracy, using radar aiming, .
from altitudes and at speeds consider-
ably greater than those used during

* World War II*

2.0 Reference (in) states that, at currouit aircraft
* speeds, dead reakonin plus manual celestial

plus radar navigation will achieve sufficient*
accuracy s0 that "a 5000 mile mission can be
accomplished." According to this11; reference, current

4~gj~ASIFIEI)
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navigational methods will become of marginal accepta-

bility as aircraft speeds approach 600 mph, and new,~methods, now under development, will be required at

higher speeds.

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

Circular Probable
• Error

Visual Bombing from
20,000 fto 1,170 ft.

(Typical for Vorld
War II in LTO)

Radar Bombing
From 25,000 ft.

Good Definition 4,000 ft.
Poor DefinItion 6,000 ft.

From 35,C00 ft.
Good Definition 5,000 ft.
Poor Definition 7,000 ft.

These estimates for accuracy of radar bombing are
stated as based on very meager data. If they were
considered to be reprefsentative of expected operational
accuracies,, however, we would be forced to conclude
that:

a. Lven with individually aimedrather than
pattern, bomb drops, so.o 1' 0 - 20 times
World War II conventional bomb tonnages
would be required per target or tar6et system
comprisod of units 500 - 1000 feet in radius.

be Such accuracies would probably be unaccept-
. able for delivery of atoza bombs on any but

very larGe targets.

4. Other indications regarding expected bombing accuracyare, however, as follows:

e a. Reference (n) suggests that U2 S (British

radar) bombing errors without bomb guidance
on the order of 1700 to 2600 ft. are to be
expected,

51
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b. Preliminary reports concerning current
test of the Air Forces K - 1 bombing
system are to the effect that circular
probable errors in full radar'control
on clearly defined targets from 20,000 ft.
are of the order of 450 ft.

c. The Navy's Bomb Director Mk 5, scheduled
for test this year and, like the K - I,
equipped for full radar control and off-

set operation, is reported to have
achieved 15 mil accuracy in mockup
trials.

d. A factor for conversion of test or train-
ing results to expected operational
accuracies is indicated by reference (o)
wherein errors of the order of 350 ft.
are reported for visual bombing from
20,000 ft. in trajint durin, 1044p and
related to-errors during ETO operations
of 980 - 1260 ft, The principal factors
affecting this large difference between
training and operational errors are
stated to be weathe-, target recognition,
and Lround smoke. The factors roverning
differences between trainingand opera-
tional radar bombIng will.be somewhat
differenr- -nd may or may not have as
large an effect.

S. For the purposes of this study, after consideration
of the foregoing, the following assumptions will
be made, with the realization that they may be un-
duly optimistic from the point of view of the bombers

a. That navigation of bombers will be
a sufficiently accurate so that failures

to complete missions due to errors in
navigation can be considered as included
in the measure for aborts previously dis-
cussed.

b. That careful seleotiopn of targets and
training of crews should avoid unaccept-
able waste of atom bombs through in-
accuracy of drop.

-7V U!~ SSFr
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C. hat accv;%a- ) f conventional bombing willI
be ntoi thiat, ccu-_eG -,ith improvements ot
vscajons enel~-'c of their selections
o.-b ton.r.;-* rquirod for target system
att&c~ will ',- comiartiblo t~o those of

T.OrldiVa i

P. EPPEC2TS OF iu1z r' M:'N"IEzSS*
1. The subject aparatlion.3 are norrially considered to

utill~zz tth; ovsa' of dz:kness o-i-er enemy torrl tory.
FliGt.; on t'-e ordsr of 30 to 40 hours duration over
polar. recirns, hciv.'-tr, require considerable ,!odifica-
tion. of Yamiliar corepts of- 'day" and "nIrlht!, opera-
tionzs. Uinder so..e ccn:!Wtirsa of latitude arid.covree
aircraft fly "fastr than the su~n."

2. k'iguree 9 snd 10 provide MCUsane for V1 SUBU 21n; tYe.
effects o~f ucasor. of tbr- year, bace location, and air-
craft spoed oft cond! ions o~f dailight or darkn~ess
ancounterad at rsfucmllJng 1.aints or over Burope. These
illustrations are caloulaied und'er thi folloiiin5 con-
ditionsi

go Uflrcnssi* is assum~ed to occur when the- cen-
ter -if th9 sun 3.s ait least six dogreas below
the horiz:r. as seor. fro 40,030 ft. altitude.
This may or may not be strictly valid since
the degrae of' darlness sufficient to provideV
irotecltion to bomberv from vi sually controlled

* interceptore or AA fire depende .uron several
&dditional factors such as color contrz:&ts,
bombeor siza, sjpeoultu reflections, directionA

* of enemy lino of stght, etc.

b. Lxamplez chczaie gr-a for the B36 at speeds for
flight j.an r'aker, are the B347.

0. Gran~- cirola route.i frbm base to ~the target
are P-9uWrad.

d, It is1 ajs,.=ed that time over target is -always
3chelul, -' fo: mtdnight. It 3hatld b* noted
that at somrn saassna ai.d when nly one re- A
fuellIng is required, it ay be joseible to
refuel In dyi an~d still have all hiours 6
over zurone irn da:kness by reaching the target J
at a 'imo othor then midnight. -Euch posel-71
bilities are .taker4 into a mot 'n Trb V.H - - ~ 1INCLAtspr
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3. Table V s:a irrizt information from Figures 9
, ana lo, aijuited to allow :;%ximum hours of

darkness over Purope, and reofuelling by day
where 1ossible. 'rom this table it will be noted
the t:

a, Althou.h in midwinter all bomiber hours
over Sua o o can be in darkness, refuel-
lin8 r-ay likcewise be necessarily in'dark-
noss. Su-ch refuelling rnay not be tech-
nically or olorrtIonally feasible.

b. Dar~ng a substantial ortion of the year,
bombers of current speeds, will be tnable
to operate over I.olar reoions against
many USSR tarsots without considerableexj.o'3are over z.uro.e during dayl1ht.

c. %,-e of the B47, by reason of its 2reater
speed, mn- avoid or reduce substantially
any dayl. ht hoars over Europe which
miGht be requirpd for the B36.

'. EFF.CTS OF "_VE USE OF LIVRRSIONARY RAIDS

1. It ?.es noted in the introduction to this study that
the use of diversionary raids is contemplutod to ro-"
du.e the de.;ree of risk to atom-bonb carrling planes.

2. 1he usa of diversionary raids should not be confused
with the use of evasive routing. The latter reduces
losses by roason of avoidlnC, or forcing the dilution
of, eneay dafensive strenSth. It would allea-, to be
desirable if reduction of losses is worth attendant
reduction in aircraft .erformence, bobo load and
utilization rates, and increasen in aborts, hours
over ene:ny territory, and any necessary Oi'osure
during dsylirht. Such coml.onsatinC effects can be
evaluated, but because nf their dependence on a
particular enemy order of battle, will n,)t be dis-
cussed here.

5. Diversonary raids de~enc for their effectiveness
on the en;aging of the sao enemy forces which
threaten the main at'acW.' Any diversion so far
distant from the main effort--in terms of either
to r tie--tht neri'jytforces can be brough4
to boar, or that intercs.tors can sortie, land and

5-,sortie azain will increase, rather than reduce.
overall losses.

UNCEASSZ71!)
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4. Well planned diversionary paids can,. therefore, be
consideved to be a part of the main raid so far as

*the overall effect of own and enemy numbers is
concerned. The aircraft of the main and diversion-
ary raids will suffer the smie or highor overall
losses as would a jingle combined raid, unless,
by reason of consisting of lightly loaded, highar
performance aircraft cr by well-tited withdrawal,
the diversionary raid can avoid normal losses.

5. For the purposes of this study, therefore, the
effect of the use of diversionary raids on losses
or force requirements will be assmaed to be neg-

11# UASUI;S 01 CO,PARATIV SU!TABILITV OF AIRCRAFT AND

1. Neither the bomb delivery capabilities of Table III
nor the expected losses of Table IV can serve by
themselves as measures of the feasibility of the
proposed type of oporctions or of the relative
suitability of different aircraft types and flight
tactics. It is suggested that they ahould be com-
bined to reveal more significant overall measures
such as:

a. Toni of bombs deliverable per aircraft
lost, which it should be desirable to
maximize.

b. Size of raid neaossary so that losses
- will be at acceptable rates.

2. Figure 11 illustrates the estimated effects of
aircraft type, flieht plan, and raid size on a
payoff measure--tons of bombs per aircraft lost.
1iTis figure is calculated under the following

: -assumptions:

4. Conventional bombs are delivered from
North Ame,,ican bases to near targets,II at the-capabilities of Table III,.witi
the refuelling plan providing greatest
bomb tonnage.

I 1 j hASFIED ++
* -_- . *,
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b. The rango of estimated ioaea is asi shown in Table IV. (The upper edge of

each band in Fig. .1 is for the lower
limit of expocted lossos, and vice
Versa°)

e, Bombers a.,o faced with a force of ).000
operational enemy intercepto~s based
within range of the bomber track."(This# and followi*ng a-ssuraed numbers of
enemy interceptorsis nob to be taken
as a considered estimpte of the forces
which may actually be faced. They are
6xAmples only.)

d. In order to place losses of different
aircraft types on a c omparable basis,
losses are expressed in terms of B36
equivalent aircraft. The B50 is taken
to be equivalent to o6 B36 or B36TP and
the B47 to .75 B36, as in Table III.

e. Aborting bombers deliver no bombs, and
suffer no losses except non-operational
losses.

f, Tenkers do not abort, and suffer only
non-operational losses. (Such losses to
tankers aru includpd in aircraft losses.)

go 40% of losses to interceptors or AA J1
are sustained prior to bomb drop, as
suggested by reference (b).

h. World Viar ii tons of bombs per aircraft
lost are nobed, taken fZ'om reference (d),
d elivr iuo eby and !heses to heavy and, very heavy bombers only being included. :

-, 3. From Figure I.1, it will be no ted that: "

Sa. As would be expected, bombs delivered

per A/C lost increases continuously with! I size of raid,"

60
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b. It would not seem advisable to use the low
performance flight plan Able for either B36
or B50 bombers, since increased bomb load.
should be more than offset by increasod
losses.

c. As between flight plans Bakor and Charlie
for the B36, there would seem to be little

,choice, since the effects on borab load and
losses are offsetting.

"d. As among aircraft, the B36 would seem tohave greater copabilities than the B50
under all cases considered. The B47 should
be superior to the B50 in bomb deliveries

per loss, and also superior to the B36 in
small raids, or if the enemy capabilities

* to inflict losses approaches the upper F
li idts of Table IV.

4. For a calculation sinila.- to that for Figure ll, but
I against far targets and the opposition of 2000 enemy

intoeroepi'6rs based within range of the born eb track,

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

a. The B47, bacause of its small bomb load at
such ranges, should deliver tons per loss
comparable to the other aircraft only for
small raids, if then.

bo The B50; capable of maximum lbads at for,
as well as near, targets, shkould do about

I as well as the B36 so far as this measure
of effectiveness is concerned.

4 4 c. Tons of bombs per aircraft lost should be
-; . of the order of 10-100 tons, rather than

the 150-450 tons of' Fig. 11.

5. L'van~ though a particular aircraft and flight plan may
be expected to yield a favorable measure of performaere
in terns of bombs delivered per aircraft lost, such :4
operation may not be feasible because of very large
raid sizes necossary to hold losses to rates accept-
able from the stnndpoint of crew and national morale.
Table V, presents estirmated minimua-n size of raids re-
quired for g;iven bcnbar loss rates, This table is cal- 5,5
culated unlder thecl .ownd ansumptions:

UNCLA
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a. The range of ostimated losses is as
shown in Table IV (the lower value for
each entry of Table IV relates to the
lower limit of expected losses, and
vice versa).

b. Raids are opposed by the numbers of
enemy interceptors based within range
of the bomber track as shown.

- c. Size of raid is the number of planes
dispatched, not those dolivering bombs.

d. Aborting bonbers suffer no losses except
non-operational losses.

6. From Table VI, when considered in conjunction with
Figure 11, it will be noted that:

a. The highest possible performance flight
-plan will probably be required of any
aircraft, regardless of penalty in
bombload, unless very large raids can
be dispatched,

b. The B47 now seems quite attractive,
relative to other types, because of
the small raids possible with this
aircraft at low rates of loss.

c. Even when loss rates as high as 25%
ard acceptabla, as may be true'fo! 40

delivery of atom bombs, raids consider-
ably larger than the 8-10 proposed

- should be required--except possibly
for the B47 operating against near tar-

* gets.

d. The refuelling require~ments for these
flight plers, and the technical diffi-
cultios as.;ociated with successful re-
fuelling of large flights of aircraft*.
may prevent raids of the sizes estimated
in Table VI.

-:2
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1. ESTIZAAMDh FPflCE REQUIUaMPEUTS - CONVENTIONAL BOLBI

le Some 50,000 tons of bombs per month were dropped
in connoction with the highly successful cad-
paign against land transportantion in the ETO
during 1944 and 1I.;45. This levelI of offort is
taken to be typical of that required for inten-
sive attack of a tarj~et system,

*2. Table VII provides estimates of the aircraft re-
quired to deliver such a campaign from north
Amekican basos. This table in prepared under the
following conditions:

a. The bomb delivery capabilities of
Table III and the loss rates of
Table IV are assumed.

V b, Bombers em~ploy a refuelling and flight
plan to yield the most favor.-ble borab
tonnaGe delivered per aircraft lost,

c. Bomnbers ara faced with a force of 1000
operational enemy interceptors based
within ran-a of the bomber track for
near targets, 2000 for far tergets.

d. Aircraft requi.remnents areo expressed in
terms of estiiiated B36 equaivalent

* numbers.

3. From Table VII it will be noted that:

a. Aircraft required to be on hand-is of
a-the f'ollowingt general. form, (although

nuerous adjustments maust be made for
tanker sort'os and requiramentsa, non.-

$ opbrationa. Aossas, etc.).

SECRLTA
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N B
S.,where

B = Tons of bombs required per month.

b Bomb load per bomber sortie,
. s = Sorties per month per bomber.

a -Z Abort rate. J,

_ Loss rate.

It will be seen,,therefore, that the
number of bombers required to be on hand
for a campaign is proportional to tons
of bombs required per month for the
canpaign, and that loss rates of the
order of those shown have only small
effects. Actually, dispatching small
raids has the effect of increasing on
hand rqquiremnnts somiewh&t to provide
aircraft to carry the bombs which uill
not reach the target because of the
higher loss rate.

•b The aircraft on hand force requirements
of this table do not dapend greatly,
therefore, on the aspuiriptions of z'is
study as tolos a l o tenumbBF 4

o nerco~tWis neoiitare.V

C. Required replacements of aircraft on the
other hand, are nearly proportional to
bomber loss rates, end, therefore, the
use of small raids increases monthly
replacements.

d. Since force requirements measured in
aircraft on hrid, aircraft replacemnents,
and bas6s for a campaign are increased
by the use of small ra.ds, such raids
would appear to be limited to objectives
or operations unsuitable for large groups
of a rcrafb and which justify hi fos
rates.

II4X3 F;EDA
mujj~i~u3j
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e. 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 aircraft, or their equivalent,and corresponding bases.

f. As among aircraft types,- the B36 appears to
have somewhat smaller on hand and replace-
ment requirements than the 850. or B47 for
a campaigm against near tai1 ets. Against
far targets, oh the other 4"0nd.. the B50
may be somewhat preferable to the B36, since
it should still deliver its maximum load.
None of the differences in requirements among
aircraft are significantly large, however,
in view of the uncertainties in performance
characteristics on which they are based,

J. ESTIMATED FORCE REQUI':-1tTILS - ATO, BOMBDIfG CAMPAIGN

1. It has been estimated that the-lethal area of the
Viorld 'War II atom bomb is roughly equivalent to that
of 2000 tons of conventional bombs. A campaign to
deliver 25 atom bombs per month iill be chosen for an
example of force requirements, therefore, so that it
may be related to the 50,000 tcns/.onth conventional
campaign discussed above.

2. Table VIII provides estimates of the aircraft required
to carry out such a campaien from North American bases.
This thble is prepared under the following conditions:

a. The only requirements governing raid size
are:

1. That it deliver, on the. average, one
atom bomb per reid. (It works out that
raids should carry .an averpge of 1.6 A-
bombs to ror: targetp, ;f 7: bbibs to far

2. That no more than 25% of atom bombs
dispatched will be lost to enemy action
prior to drop.

67,<,. :
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b. It is assumed that losses and aborts willIt occur among atom-bomb carrying planes in the
same proportion as to other planes of the
raid, but that aborts will brinG bombs safelyback to base. (This assumption may not be
reasonable if the use of diversions or selec-

t tive placine of planes in a raid can reduce

losses to A-borabers.)
Sc. Bombers employ a refuelling and flight plan

to provide highest prformance with a 10000
pound load (Figure 3 ).

Sd-. Loss rates of Table IV are assumed.

e, Bombers are faced with 1000 enemy inter-
coptors basod near track for near targetE,
2000 for far targets.

f. Aircraft requirements are axpressed in terms
of estimated B36 equivalent numbers,

fi3. From Table VIII it will be noted that:

a. Since the condition is set that no more than
i 25f;, o" A-bombs (and, therefore, aircraft)

will be lost before drop, overall aircraft
~loss rate is constant at 35-40%s.

b. Because of the hiGher overall loss rate, raid

sizes are smaller than those of Table VXI. If
such a loss rate is unacceptable, raid. sizcs
would be those of Table VII. As reid sizes
increase to reduce losses, the need for the
A-bom2b may tend to disappear, since the
larger raid ntay be capable of carrying the *

equivalent of one or more A-bazibs in
conventional explosives.

c. Since raids per month, rather than overall• : tonnage of loads of all aircraft# is now
,, fixed, force requirements will vary with

raid size, and Jepend on enemy capabilities
to I nfllc t losses.
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d. It should be possible to carry out the
A-bomib arrpaign of Fig. VIII with a
far smaller invgnto:,y in aircraft and
bases on hand than the presumiably
equivalent (for sono~ target!) convon-
tional ooanpal.,n of Fig. VII. I~onthly
replceeits of iircraft, however, may A
be oomprabla to--o' even excoed--those
requirad for the conventional campaign.

a. As among aircraft, the B347 appears to
exnjoy an advantare in sm~aller force
requirements for attack on tarGots within
*its radius. Tho Bl36 niay~still be superior
to the B350 in force requirements for this
role.
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