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8. Penetra tlon. 
triking velocity, 69: 225 ft/s c (npprox.) 1 

clust rel as \d nt 25,000 ft., OJ> 'lling ut 5000 It. 
"ill penetJ·nto light to n1edhun roof construction: 
1 inch wood sheuthing covN· ld with 2lny 1 nsphitll 
felt· terra cotta til , slu to, 2 to 5 inch citldcr con­
crete, 3 in ·h light cOIH~'t\te (not. reinforc(•d). 

• 
9. Perforn1ance, Probability, l\1-18 cluster 

containing .. 4.N- l\169 bombs. 

1alfunctious Percentage 

Clusters not opening __ _ ~. 
Air Bursts_. _ ~ __ ~ . ______ _ 
Tails t.orn -off ____ _____ ~ • _ 
}"'latlandcr ___ . __ . _... .. __ ~ 

Fuze ~"ailur -- · - --------

5 
3 
2 
3 
2 

i~oncjection, nonignition, 2 
mecbanir~l failure~. 

"'Probability of 
bomb functioning 
as expected: .84 
(.95) (.97) (.98) 
(.97) (.9 ) (.98) = 
.sv-

This factor, a charucterbtic of tlu~ bomb; due~ not con­
sider the type of targ(•t. 

10. Remarks and Recommendations as to 
Uses of the l\1- 18 Cluster. 

n. Iu production but not yet iu st•n Ti<'P nn· two 
modifications of tlH"' }-169: (1 ) 'llw i\lHUX. sitnilnr 
to the 1169, but containing slightly le ' S fuel ,1nd 
nu explosive chnrge of tctryi. (2) 'J'lH' ~169\VP, 
similar lo th X botnh, but, containing n (·lutrgP of 
whiLe phosphorous in pln c of the t(\tJry1. Both of 
these mouificntions, dl1SigtH'd to hindt•r ttnd drjv 1 

aw·ay fire ii rhtinO' p •rsonnd> " ·ill l>t\ includt'd .iu 
varying quanti tics with ~1 u~r:.s in t h' nitntt bll' 
cluster. 

h. Be •rtuse of it low· strikiHg \ c•locily the ~lti9 " 
has h reto!ore bcrn n~gnrdcd us uituble only for 

, 

uttncks on r·esidential nr as. Intellig nco gained 
fro1n adequnt aerial ov r indicat4ls tb t , n1o t 
iuc.lustrinlroofs in Japnn nro of light construction, 
tllHl reoent inoeJldinry nttacks have demonstrated 
Lhe n bili ty of the 169 to penetrate and set fire to 
typknl Jnpnncsc plnnbs. This characteristic of 
the ~169 tnnkt)s it a good choice for use in mbccd 
IB-liE rn.ids where the priznnry turg t is indus­
t rinl nnd t lw sceond nry tnrget, for bombing 
through clouds is nn urban arl\a. The .... 169 bomb 
is by fnr tllP bPst ,\ .. capon now· available for urban 
nn)ns. 

<·. In level bon1bing tho recomtncndcd minin1um 
ultitud~ of opernt.ion with tht~ 1-18 is 3000 ft. 
(opening nt 1000 ft.). Inability to set the 1'39 or 
1'55 fuze n t lt•ss than 5 sees. lixnits the utility of 
tlH' cluster n lo\\·cr altitudes and for dive bonlb­
ing. as the action of the cluster str.iking as n unit 
is not, efficicn t. 

d. 'I'o be (•fl'pctivo a small incendiary must lu.nd 
in u ftn ornbh' location. The tail ejection feature 
of the !\1 G9 greu t ly cnhtHH'CS tho prollnbility that 
tlw fud will fuutlly conH' to rest adjacent t.o t nsily 
ignit:nble rnutN·inl. 

P . Tht' !\1- 1 i~ hPing rPpluccd by the recently 
''VS dP.vdopt•d E46, 500-lb. aiina.blc clust r con­

tnining ~J ~I 69's. Significant difft!r ll<.'CS b tween 
thtl ~1-18 and E4U are (1) in<·rNlSt' in "·eight to 
425 lbs. fot· tht' E4G, (2) Ulcorporution in tho E46 
of two tuil fuz(•S ,u1d n Ine<·hnnicnl opening feature 
in plnct' of n siugl<) nost' fuze and prinu1cord 
btuslf·r, nud (3) n b •t.t ~f. stronn1lining of tlm E464 
JxnprovPntNl in the overall funetioning of the.. 69 
is intlictlted front proof tPstiug of 1hi clust r. 
supph•tncntnry l)ntn h ct o. 2 "ill be i sued 
whc··n th dust(•r is avuilnhlt' for us in the field. 
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1. OBJECT: 

THE ARMY AIR FORCES AoARD 
Orl•ndo. Florid• 

6 

ARMY AIR FORCES BOARD PROJECT NO. (M-5) 261· 
A STUDY OF INCENDIARY BOMBS FOR EMPLOYMENT 

BY 
THE UNITED STATES ARMY AIR FORCES 

The object or thls proJect 1s to 1~st1gate the 1ncend1ary bombing situation with a 
vlew to the development or prlnclples governing (1) the selection or the best 1ncendtary 
bombs tor a target (2} the determination or quantity requirements tor a m1ss1on and (~) the 
8181)10Jlllent or formation pattern bombing to achieve maximum incendiary errectlveness. 

11. FACTUAl ELEMENTS OF THE PROJECT: 
(a) The following starr s tudy was prepared on the verbal request or the Commanding 

General, Army Alr Forces, \>Iashlngton, D. C., to the Pres ident or the Army A1r Forces Foard, 
Orlando, Florida. 

(b) The study was prepa red with the a ld or 
(t) reports and ana(0Ses or orrtclal army tes t s 
(2) actual rleld te s ts 

{ 

(3) other reports orlglnatlng 1n Ame ri can and Brltlsh governmental agencies 
(4) con!erences or qua11r1ed personnel 
(~) results or American and 8r1t1sh combat opera t1ons 

J II. CONCLUSIONS: - It is concluded that: 
{a) The dec1s1on to employ 1ncen~1ary bombs should ba based en careful eonslderat1on 

or target cambust1b111tY ractors, pages 4, 14, 16 , te. ee, 74. 
{b) Qpantlty requirement s and tactics, pages . a, 5G. B4, t or an 1nc~ndlary bombing 

m1ss1on should be planned wlth rererence to 
(1} the 1ntlammab111tY and combust1b111tY or ctlrterent parts or the target, pages 

15, 16. 
(2) the existence and location or barriers to the spread or !1re, pages 4, !~, 

(3} the nature and strength o! enemy rJre-tlght1ng measures, pages 4, !4, 41. 
(c} tnctnd1ary bomb selection ror a target, pages~. ~6. S9, 70, .,,, should be ~•«•·· 

wttll ~rc1 to; 
· (11 the 1ntlannab111ty and combust1b111ty or the target (or ot its varlQIIS .·fta.I'~·•·,P~.., 

- paae s 16,. 1 e. 
(2) precisian ana density requirements based on the aubdtv1ston or 

tlra barrters and on otl'ler vulnerab111 ty cons 1<1erat1ons. pap 
PJJ. _peuttabllltY or tbe ta.raet, pages ~. ~1. ~. 

•-~:llllllltll'GliH 11lQtlld1&11t bOIID• Y&rl U Ute lr pene trat 1n • pr 
CMt each tne ot boab ts bt t ~-p 

ll\51a.~--·•·~ ;~rlr-&: ' 



CONFIDENTJAL 
r 1m ble clu ters o er ~ lo er plane-loading efficiency than qulck-open1ng but re 

not subject to the above restrictions. v..11en dropped rrom altitudes above !!!teen thou nd 
t~, 00 feet and set to open at !lve thousand (~,000) feet, almable clusters po ses pre-

i: 1s1on propertlPs comparable to tltose or general purpose bombs, page ?,Q. ---~ 

(g} IncendlarJ bombing attacks achieve the1P maximum destructive e!tect when ar 
conflagrations are produced, page ~. 

(h Conditions f~vorable to ~re~ conflggr~ tlons are unusual 1n German t ets. In 
highlY combustible Uilt-up J apanes are~~ of about 40 % roof coverage or more conrlagr tlans 
~~Y e expectea, page s. 

{1) In an IS-attack on a highlY combustible target, the value or large H bombs !or 
disruption of flre defenses l s orrset by their adverse errects on QUicklY developing tires. 
page 9 . 

( j ) In the case ot typica l built-up Japanese areas , 20-lb. fragmentation bombs rurnlsh, 
at present, the best form or HE from the vi ewpoint or hamnerlng !ire-fighters w1thout un­
r~vorably a!fect1ng combust~b111tY of e t ar ge t, page 9 . 

(k .A. l oad 1ng ra tlo or 801 I ss and 20% fragmentati on bombs r-elea~ed ln a co-extensive 
-attern on Japanes e bUilt-up a r eas offer s the mo.;t c!t'ec tlve co- or dina ted employment or the 
two munitions , page 9. 

1) In a t arget o r good combust !b111ty, fi re and he~t pr esenc greater po~s1b111t1es 
than blast o f pr oduci ng complete and irrepar able da~a~ , page s. 

(m} Impr ovi se a L cendl ary rnunl t1ons , su-er as oi l drum and dr oppable gasoline tanks, 
are sa tl s!~ccory ror use ~der l 1rn1ted condi tions , pa~es ~. ~1, ~2. 

( ) r·npact pat t erns obta i ned bY dr opping bombs from tact l eal ronnat1ons posses proper­
ties o: prec i s ion , densltY, and d ls t r1bu t1 on not pred ictabl e on t he basl s or releases rrom ,.--
s ingle planes. pages FO, 8 , 4. 

(o) Tactl cA. l r ormatlOit patterns constitute t he most appropriate unlt toe ploy 1n c 
s 1der1ng t he quantlt ,Y, prec i sion, -area, a .. d densl t.Y r equirem-ent s o r a 1ven tar et, pa es 
~ ' f5, 134 . 

IV. RECOMMENDATIONS! - It is recommen ded t ha t: 
(a) The dec1 ~ 1on to make 1ncend 1ary bombin att acks be asea on analy~es o! 1ncend1 ~ 

vu lne rab111 ty propert 1 es of eneiTly t a rge r.:s, ~ages 4 . 1e, : s , 1 , 9, , 74. 
(b ) Se l ecti ons or bombs and clusters !or an a t tack be made 1n relation to tar- et 

vulnerability properties , pages 4, ~ 5, tR , ~5, 9, 70, 7.4 . 
c ) Plannlnu or quantltat1ve requ 1~emen ts sed on a s tud~ of tar t vulnera 111ty 

propert1es, ~ages 4, 14, 15, 18, ~ . ~o . 54. 4. 
(d) In a pr1rr1ar11y t ncend l.a r;y m!ss lon a a lns t ru, ar ea .r,ar et, HE be used onl ror 1 s 

errect ln n1 rupttng fire de!~nses, pages 9, 41. 
\ e} ti'or h1ghly com bus tlb l e areas or 11 gh t s r.ruc tures (J a.p t ar ets ) , 2 1 . Cr ent -

t1on bombs be us ed. ln a r a tlo or 2~ HE (rrag. ) and 80b IB. page 9. 
tr) Fleld tests be conducted to determine tactical rormat1on ~atterns or th ~~ 2, 

Yl~, and j 1~ "Clusters and such other bombs and clu~ters as rn ~later eco t 
pages 50 sc:, 64. 

(g oper~tlonal records be kept ln all th atres, ror n llJsls purpo es, or t 
opeT'ations nvolv1ng employment or 1ncenct1ary ho.n.b . copies or suet recor shou 
to the AA F eoard ror evalua.t !on, 1 n order that a comprehensl ve o t"r1ne- "'Of··-eJ[l!fl:JL'{H:iiHe~n"-_.._.. .•... 

developed, based on actual op rations! pa e o. 
(h) The inclosed survey be reclass1 led co FIDENTIM 1n order to ssure prop r 1 trl­

but1on to uslng personnel. 
fl The lnclo d survey oe distributed w1 tllout 1 1 y to 11 1r r d b r 

anm I aer . 

V. 0 I S CU S S I 0 H : 

(~ !nee the advent or lar e 
ent or ystemattc 1nceno1~ry bomb1 

... 

erial oper tlon 
r p1dlY t ken pl 
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combat ana---m lel<l "'te'S"t-s, --and numeTOus v,gl-aab1e~ut nc..oordlnat~d tu11es;t have le t 
f11ctlng theories or 1ncendlary bomb employ.nent ~h1ch required a general survey or the 
atlon. In several lnstances, theories were so conflicting as to require actual field te t t 
determine correct principles. The results or such tests are contained in the Inclosed sur~e~. ---, -

(b) The contents or this report are Intended to asslst the ~ir Comman~er 1n the proper 
selection or Incendiary targets and the 1ncend1ary bombs best suited tor them. The report 
should also assist ln the planning or the best methods or target destruction, with due con­
sideration or required incendiary bomb density on the· target, the type or !ormation, and the 
number or aircraft needed to perform the mission successfully. 

(c ) The survey which led to the above conclusions and recommendations 1n contained as 
an inclosure. It 1s organized under the following chapter headings: 

I. Fires and canflagra t1ons . 
I I. Targets. 

III. Incendiary bombs . 
IV. Selection or bombs 1n re lation to t argets. 
v. Incendiary bomb req~rements for targets . 

VI. Patterns 1n r el ation to tactical formations . 
VI I. Bomb densities based on patterns . 

VIII. Illus trative miss ion and di scuss ion or principles . 

VI. INCLOSURES: "Survey of the incendiary bombino · situation." 

Preoared By: 

Ted. E. Ent er, Lt. Col . , C\.JS , Head, Bcxnb & Chemi cal Br., . rmament Dlvls1on, MF Board, 
Resear ch Ass i s t ance by Dr. S. S. cairns , Bomb ing Research Gr oup, Columbia University. 
(Applied Hat:.l}emat'i'CS Panel, NDRC) 

Concurred in By: 

v. c. Hurrsm1th, 001 • • Ord. Dept. , Ch1er, Armament Div1sl on, AAF oar d. 
H.O. Montgomer y, Jr. , Col. , A. c. , Ohler, Tactics D1vl s 1on, AAF Board. 
o.w. McGr egor, Col. , A. C., ~xecutlve . AAF Board . 

ooroved: 

For the ArmY 1r Forces Board: 

Official: 

GU TAV A. NEUBERQ 
Lt. Colon 1. AOD 
Record r 
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SURVEY OF THE IMCEHOIARY BOMB SITUATION 

PREFACE 
---, 

Th1sreport de~ls with incendiary bombs whi ch ve been s t andar di zed and made ava!l ble 
!'or opt:rat1onal use !n various theatres. It does not attempt to cover bombs no under develop­
ent or undergoing tests. 

The f~rs t chap ter conta ins a brief di s cuss ion or t~pes or !1res. Tar et s a r a then 
studied wlth regard to tllelr vulnerability to incend i ary bombing att ack. corr spond1ng to 
target vulnerab!l!ty conditions, there ls a class1f1cat1on or ras which rac111tates the choice 
of . unlt1ons for use against a particular target. A table or targets and corresponding reco~ 
~ended 1ncendlary bombs i s 1n Chap te r IV. The r eport then t akes ur the problem of est! at1n 
quantity r equ lrements under varl ous cond! t lons or attack. sp e~ 1~1 attention 1s given to lmpact 
p a tterns resJi ttn~ from form~ t1 on ~ amb1ng, and a chap t er 1s devoted t o bomb densiti es bas£d 
on such patterns , s i nce t hese ar e vital ~ons l erat1ons 1n t he problem or delivering bombs on • ~ target wltn appr opr i ate d 1str1b, t1on and Jn surrl c lent quant1tY to achieve the des i r ed 
effect. The ra~ort term ina t es wlth an applica tion ano general discussi on based on the material 
.. us t out lined. 

I • F I R £ S A N 0 CON FLAG RAT I 0 N S 

J t . A 'ALYSIS OF A TARGET INTO FIRE DIVISIONS: 
a . ~~ture An~ ImnortRnce o~ su ch ~ftl y~i~. - combat operations have disclosed the 1m-

porta~ce or s t udy ing the ~1n which a target ralls lnto f ire d lv1slons , or areas Isolate 
hy bar r1er s co t he or di nary spread or r1re . Such bar r i er s may be tlre walls wlthln a l ar ge 
building. In an ar ea t arget . they rnP.y be a1r gaps (rail r oad t r acks , wlde avenues, r ivers, 
wat er v'ays , or p;.rks, see photographs on pages 6, 7. ) glnce· a !ire wlll generallY d a e only 
t he dlv1s l on in wh i ch 1t ori ginates , an attack ~ 10Uld be planned with a view to ll1tt1n e ch 
a 1 ~1 s 1on wi th enough bombs to assure an uncontrolled t1re . The dam e to the tar et ls the 
3U~ to t 1l or r1re damage 1n tile fi re d l v1slons, large and small . In cases where kno led e or 
t he t a rget 1s 1nsuf r1 c1ent ror a det1n1te analysis 1nto !ire units, 1t has been round hl gbly 
~es trat e t o employ a tentatlve analys15 based on t he best ava ilable e pert opinion. (See 
photograpt on p~ge 8· } 

b. Jn r]u~nce on CA}e or ~n ttac ~. - f l re Star t i ng trom 
c1vi s 1on 1s called a primar y f ire. Secondary f l res somet i mes arl se 

bofflb droppe tn 1ven 
1 by r1re- rands be ln 

~~rrled from one d lv1s 1on to another , ( 2) by a b r eak 1n the barrie r be t een 1v1s1ons, r 
-:~ by t he flash- over e rrec t 1n wh 1ch A bl aze starts rrom t he i ntense ll t due to r 1at1 

fr ~ flre 1n ~nei ghboring unlt Rr ea. The scale o r an ttqck 1 ~ . o course , Dlanne t o 
1 r~e ~s to des troy the t arget by primary fires a l one. n unders t nd1n or the 1 e or 

tre dlv1 1on5 may be obta ined from the ! act t hat they avera e ap ~ 1 ately 1, t o 
• ft . 1 1nd 1v1du~l bulldlngs) 1n German domes tic t ar et s and re or the or r or . , 

I 

'l · ft. J.n Japantse cltles (several block") . 
I allldual indus trial targets requlrlng lar e reas or Un1n t er runted ! lo r p c 

rj:) ent flre d1v1slon c- or as much as 40, oo sq. rt. 

'~ . TYPES OF FIRES, COHFLAGRATIOK"S: 
~ . C1ns~1f1 c flt1on of' F1rpc;. - Flre c n be clas 1!1 d cor ln t o h t h r tl Y 

x 1nPU1 hPd by t) lne p r 1ence \nd untr~lned personnel w1tl m k- h1tt u1 
t ur r1r rtu .·, f"7. two or t hr e pr or ! on 1 rtr co p rtl W1 th 

r 
'hen r 1r p&t~ 

rr ~ r tl or. 

tl o b1n 1 r ror)"- or tt ' r1 re-!1 p-ht 1n r our e or ntlr 
beyond all hum n control nd l nvolv s ny bU1ld1n l t 1 called 

b . F 1 ~ U~d'~n~ 

rtr u t r du 1 or tt 

4 

typ po 
ttftrk. - For p rt1cul r dlv1~1on 

1bl ln th t d1v1 1on to overt x 
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CONFIDENTIAL 
f1re-f1ght1ng effort and thus Insure destruction. This aspect of ~1ss1on planning will re­
ceive further attention in Chapter v. 

c. Connition~ FAvnr1n~ Con~l~~rnt1on ~. - An area conflagration ln Japan Ie rossl~lar 
only ln a d1v1s1on containing many highly lnfla.mmable, densely-packed structures. '"Ri:mf ~over-

• age or the area must be about 40% or more. Conditions rav~rable to conflagrations are rare ln 
German targets. H1ghconcentrat1ons or Incendiary bombs have, however, prOduced conflagrations 
1n Oennan targets. (See photograph or Aachen on page 20.) Historic conflagrations were favored 
by une~~ectedness, unpreparedness or !lre defenses, weather conditions and occasionallY bl 
breaking of water mains, disruption or traffic, and general confusion resulting from earth­
Qua~e. If production of an area conflagration in Japan is the object of an at~ack, the ~an 
of attack should involve taking advantage o! dry, wlndy weather and putting the bombs whe re 
the wind will tend to spread the flre. Ail adverse wind can keep fire out or a threatened area. 
Some or the errects or earthquakes can be created by the use or high explosives. The one con­
dition that can hardly be hoped ror ls unpreparedness or enemy !1re-flghters . The1r increased 
wart1me efficiency and alertness, and the existence or trained c1v111an groups, well dis­
tributed over citY and other vulnerable a?eas, are serious obstacles to the creation or con­
flagrations or tmportant !lre damage. Adequate supplies or anti-personnel bombs are requ ired, 
along w1th enough incendiaries to overwhelm all f1re defenses; and such bombs need to be 
supplemented by more incendiaries 1n surrtclent quantity to produce a mass or unattended 
!!res, so concentrated as to coalesce into a genuine conflagration. 

d. Destructive Force of n Confl.agrntton. - Within its area, a conflagration has com­
plete destructive power (See photographs on pp 10, 11.) Temperatures are so high as to raise 
objects to the rlash-point several hundred yards rrom the actual !ire, thus starting new 
blazes across ordinary barriers to the spread or f1re. Non-combustible materials, such as 
machinery and rtreproor bu11rtfnis. can be irreparably damaged by heat, and a degree or de­
struction ls achteved usuallY beyond that or the most concentrated demolltlon attacks. 

§:'5. COMPARATIVE EFFECTS OF HE AHO lB: 
a. Eff1caey or HeA.t vs. Rlast..- As a destr~ctt've agent , heat 1s more ef!1cac1ous than 

blast, tor the damage done by the ror.mer 1s more comple te and permanent !n character. (~ee 

photographs on pages 10 - 13.) Food, clothlng and rubber goods, ror example, which 1nlght be 

partlY destroyed by explosives, wlll surrer complete destruction from flre and smoke result­
ing from a successful 1ncendlary a ttac~ Fire damage ls relatively dlfflcult to repair. The 
standing walls or large gutted buildings are gener llY cleared away with no attempt at re­
construc tlon. 

b. \nalvs1s of -\ttR.cks over Ger'r1nnv. - The effect iveness or incendiary bombs has been 
P.Spec1allY noted 1n connection v11tll uerman Industr i al. trlr ets, where hlgh explosives Nere 
expectea to do much r e'lter oa:m:1g • The Open tlonal Rese rch Rec t1on or the 8th omber C01mnand 
reported 1nst~nces of r idP on German 1ndustr1al t rgets 1n \"hlch tl1e 1ncend1ar~1 load ""a~ 
but ~ to tot or the tota 1 load yet caused f1 re dann "e over :l more extended area then the HF 
bombs, In these c1:1se. , the structural dRma e by fire wa~ estimated to be three tlrnes that or 
the ~ssessed structur 1 m~ or HF. lt cannot be accurately detennlned , of course, just ho 
much the H~~dded to the fir dnma e; Pt111, the errect1vene~s of 1~ on these tar et ls not 
to be conslderea 11 htly, 1n view or the rel tlve 1roportlons or the total lo ct. Inc n­
slderatlori or dnm1.g AS~ ssment report(;, th Rth Romber rommand adopted a poliCY of incren~1n~ 
th ratio or 1 H to J F UJ) to ~~ tf?.. or ttl~ tot~l. Account~ or rocent or ration~ 1nd1cate t11r:tt 
th1 ha now be n lncr ~ d to .f.\ bout nO' . The ratio or I~ to HF to c111 eve ma lmutn run e 
rrom 1t.her munlt1on depen s ur.on tar t qua11t1e::;. HighlY combustible tar~ets require 
rel tlv lY hl h ratio or Jf1. Target~ or medium to low cambustlb111ty are proper HF tar ets. 
Th u e or IB on them 1s sometlm ~ questionable. 'l'he optimum rA.t1o ror Jap ne~e t ., 
would be h1 ~1 r thfln ror 0 nnan, b c use or tHe greater vulner.Ab111tY to lncendl 

yond th point wl re Hf ctu llY 1nt ~1ry the 1nc ndl ry asp ct or r ld 
1nt rr rlng wlth flr s) lt mu~ t e ren11~.ed that e ell r pl cem nt or lRti b~ HF tl-

the probabl errect by so much. n LlY~L.~ b sed on the results or etu l 
comb t xp r1 nc 1 t w y to rn o ch the aetenn1nat1on or 01 t1mum proportion~. 
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Illustration of a Fire-Division tn a Warehouse • 

Panabur·g (H• foJ'~"'): ~ltd,\ t~n:l. 'It p 

a f' i r· ~- r f: i s t n 11 t ~ A I I i :-:; r· ,.., \ •':\ a 1 e d 

folJowing p!otog.rnph. 
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gener~lly good lncendlary obJectives: Residential areas , railway stations, combusti ble ra11-
wa:y ol11rrg-----s1;0c , -cnmbust1ble snipp-ing, p:rae-es-s1n pi·e.nt-s , 1100'S , othe-r =stor~ o-
supplles , arsenals, supply and fuel dumps , t ented areas , cantonments , bivouac areas . and 
transportation parks. Harbor lns tallatlons and power plants , while r a ther poor 1n~-~ ~·1~ry 
tar gets l n a majority or Instances , may, in s ome cas es , be vulnerable to 1ucend1ary ~Ltdck, 
depending upon tile degree or combus t1b111ty or thelr cons tr~ctlon and contents. Factories ana 
air craft ma intenance and repa ir shops may be good incend iary tar gets 1! their roors are com­
bustible, 011 s torage tanks, otl rerinerles , an d o11 ins t a ll ations a re not good incendiary 
tar gets without the us e or high explos ives . aest r esults ar e obtained with the use of approxi­
mately 9n per cent high explos ives and !!ve per cent Incendiary bombs . 

b . Groul'er1 Tllryets.- Grouped targe t s , such as cities and Indus tria l groups, arrord 
the possibility or dea ling s imultane ous ly with severa l objec tives. Because or the spr ead ing 
nature or rlre, these gr ouped tar ge t s ar e peculiarly appropriate ror incendi ar y a ttack. The 
above ll s t 1s sug~st1ve primarily or stra t egl c bomb ing. However,lncendl ary bombing att ack 1s 
orten appropriate aga inst tactical t argets i n an ef fort to damage suppl i es and ma~er 1aland 

thus help t o isola t e a battle!1elrt. 
c. Anti-Personnel F.rfects . - While 1~endi ary bombs are not ~r1mar 1 ly ant i-personnel 

weapons, 1nc1dental casual ties are to be expected . This ls especially true since about ?0% 
or certaln clustered bombs contain high explosive charges to discoura~e f l re f1ghters by 
their anti-per sonnel ef rects. 

d. Deh~Jsing of Y.orlre r s . - lt!lth respect to enemy Industrial productivity, the dehous-
1ng or workers has an errect comparable to that of direct damage to industr ial establ1shments. 
The hous ing area 1s f requently adjacent to or near the Industrial target. It 1s well to con­
s ider this tac t 1n planning a mlss1on. 

f'W. YULHERABILITY COHSIOERATIOHS: ~ 
a. Principal Fa~ to rs . - The !ollow1ng t s quoted rrom "The Theor y or Pri mary F1re-. 

Ra1s lng with snal l Incendiary Bombs, rr by Dr. R. B. Flsl'1er and Dr. J. Bronow.sk1, issued by the 
Br1t1 sh H1n1s t ry o r Home Secur1ty, Research and EXperiments Department: "The mean area or 
r1re-d1v1 s1ons l n a target area is a prlme ractor 1n cteterm1n1nQ; the vulnerab111ty or the 
target, and (2) analysi s or a target by an expert on the mapping or tire-wall s can be used co 
g1ve rar mo r e accurate estlmates or vulnerablllty, on a quantitative basis, than ar e at 
present avai lable. ~ A later passage reads: "~or two otherwise simi lar targets, ln wh ich the 
ar eas or !1re- d1vl s lons are ln the ratio or two to one, denslt l es of attack t n the r at1o or 
one to two •,o~lll give substantially the same d1str1but1on or h1 ts. " The princ i pal other factor s 
entering into a determ1nat1on or vulnerab111ty are (1) combust l b1l l ty or the tar get , (2) 1ts 
resi s t ance t o Denetratlon , and (~) !1re control measures wh i ch the enemy can apply. 

b . Com usttbil1ty and InflMm1ap J l ity. - Vul ne rab111ey to Incendiary bomblng varies so 
greatly among d1trerent targets or the same type, tha t each separate target must be 1nd1-
v1dually evaluated. I ! the target cons is t s or a buil t - up area. then lts comoust1bil1ty depends 
on the percentage or roor coverage or the ar ea, on the amount and distrlbutlon or !lre­
reslstlve cons ~uctlon, on the gener a l s truc ture or the bu1ld1ngs, and on thelr contents. 
Int lammao111ty ot a target can be measured by the quantitY or Incendiary material, the temper­
ature, a.m1 the jmrn1ng tlme reQU1red tO s tart a tire. 

c. Pr c1 t on. - Prec1~1on requirements are related to tne analysis or the target into 
!lre-dlv1 s1ons, whlch, wl th the degree or combust1b111ty, helps determine t he selectl on o! 
mun1t1ons, the quan ti ty to be used~ and the mode or employment. FUrther dl scussl on or th1s 
topic and al so or penetrati on proper ties appear s 1n Chapter v, on bomb requirements, and 
such cons l der.atlons t or certa in tar ge ts enter lnto the table or recommended bomb selections 
1n Chapter IV. .,. 

d. Defens • - Enemy cterenses (ant1-a1Tcr art, !lghter-pl ane, and rtre-t1gbting) , are 
aspects both or vulnerab111ty and or the closely relat ed subject or bomb requirements . once 
an 1ncend1ary target 1s under cons lderatlan, lts vulnerability oropert1es determine Ute ~pe; 
quantity, and technique or employment or 1ncend1ary bombs, Cons eQuently, the d1scuss1on or 
eertaln topics 1s di s tributed among the pre ent chapter, Chapter rv and Chapter v. 
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e. \ uln r l'111 tv of' Part of . rea Targe • - rou-p d t aP e t s trans enn all 'Other from 
the viewpoint or i ncendi a r y a ttack. such t ar ge t s ar e analy ~b le not only into f1re-d1v1s1ons 
but also into r eas of dlff er en va l ues and degr eeg or vulnerab! l lty . I f tl1es e areas are 
large enough and tl1e1r locati ons knO\·m , then the a t tack can be ad j us t ed spec 1r1allly to- t P.e 
mos t vulner able par ts or the target . Otherwi se , rorma tl on patterns mus t be relied upon, of 
suffl c1 en t dens! tj to assure enough hl ts C1l the hi ghly 1nflamrna le areas. Mos t bull t-up areas 
or hous ing , gr oups or docks and warelouses, and i ndustri al plants ~re or the t ype vulne r able 
to such s ca t ter bomblng. 

f . Inflamrr.abilit v Cl ass s ~1 t h1n Ctrouped Targets . - C1t1es and large indus tri a l groups 
' include areas which can be class1f1ed as ( 1) highly combust i ble . (2) combustible , and (~) 

W1pr of1table U~ee photographs on pages 17- 21 . ) Heights , s tructure end contents of bu1l dlngs 
a r e determ1n 1n~ ractors. Th i s i s more useful than an analysi s l nto zones on a funct ional 
bas i s , s ince an area or old h 1 ~11Y inflammable buildings ln one t a rget mi ght correspond to 
mode rn, fire- proof bullolr gs fallin g 1nto the unprof i t abl e class ln an otherwi se s 1 !lar 
t ar get. German domestic s tructures a re, on the average, l ess vulnerable vo incendia ry attack 
t han Japanese . ("''ee photographs on pages 17 - 21o) 

~. APPLICATION TO PARTICULAR TYPES OF TARGETS: 
The !ollo~lng comments rela te t o vulnerability prope r t i es or speclal types or targets 

and a r e intended to illus tra t e t he prlnc l ples gover ni ng bomb se l ec tion. s uch selection ts 
ased on a correspondence bet ween t arge t prop~rtles and the pr ooert l ef o f ava ilable bombs. 

c:1 . Dr v Fores t ~ Rn d GrA.1n Ftelds. rncenulary a t t ck agal ns t f or es t ed a reas devot d or 
combust ible ~~OUIIO cover have p r oved unsuccessrul 1n starting any la rge or continuing !lres. 
um-1ever, \-.l en 1oequa t e combus tible gr ound cover is pr·esent, and the t rees cons tltut1n2 tne 

rrores t are a l so combus tl ble, lar ge scale !ores t f i res may be expected from lncend l ary at tack. 
Penetration i s n ot d es lrea , s lnce~bomb wh i ch bur l es i tself ln t.he gr ound-will not be 
e ~ fect1ve . Pr ec 1s !on properti es a :-e un 1mporr.11nt, for small areas wou ld not be h'Ort!y or 
attack. Ntllilerouco t ombs with good di stribut i on or i ncend i ary !1111ng a re des irable to ensure 
rre:-gl ng, s pread 1n=- ! ires. The t1t39s ana 1"<?4s (see cnapt.er IV} would be appropria te . 

b. r Pa Tllrgets of Light to \fe rl1um Cnns truct 1nn (±\ t Te ns t :JO% Roof r.ov era~e ) . -I 

roof cov~rage l f t.oo l o',I, th~r the tu 1 ... Ings become sep3r!.lt.e tar$ets. StronglY pene trat1n 
boiTJbs are not "'equ l'recJ . L3;rge numbe r~ or s· all ' nc;lad 1an ~Omb.s drop~ed •1tb a s ca t te r bo ... -
!ng te~hnlaue r e de l rab~e 1n Order to s~cure er~lng ~d ·pread lng f lres. ~r emy oofer ~e~ 

c::111 for lP. rg~ U3.nt1t1 e~ of t nce.nd l :~.ry bomb "illd ro s l bly ror .. ome use o r h l 11 explos lv ~ to 
dlsru;;t f1ra cont rol roP~~ures . rr f 1re- .. 1v 1 ~1on~ ar~ s.1all. lar;?e pl .e lo~a or t.he .. 11 t 

o~b ~ re !.lppr rla t e , s ince ti e pr e-pnt tYPe or tarw:e t ls qu1te vuln~rable , an 1t 1s oeslre 
to ~el 1 ' er bomb on all unit ~reas. 

c. BiVOUAC l\re:as, CnJnp . tor ftJ!C A r~ns, ~HPT1lV Uumr)S . - Pen t r qt1on l s a 1n not n ed a 
to n~ cons1oc:. r :ble:o de~ree . In s ome CtlSeti , Sttla l l bombs -w il l h Jl e s u--r. clenc flre-r:a.l 
o ,.~r . In othPr ", ~tPre 1nflaromf:ib1 11 t Y l s lee-. , lar e r m1. se o r 1ncen lsry m ter1 l , 

;?"l)l)rj d l tr1'kUt1 n nropertl e , ar~ l.eeded. Ph fit l-p~r Orll Pl o frec fU j e 
r f. t gt t;lxplo J.ve~ rP or valu . 

• German C:lty AreA · . - Pere , It alum, 11 Lt. , r }4l8 V.) s r.ru tur -v n l r: Tl e d rre P~l e tr. 11 1 tJ propPr l eF . A c r s 1deraol • 
rop r la te ~ 1 ~~ 1 d nd l r on tl " 1ze at d arrai 
I .. l e u~ 

• lc;olr~tPd JiActor) Plants. - combu. t l blr 1 aterlal wl ll 
r 1 o v r 1 r t 1 r r 1 oo r 
11 ~e 1r 1 . PPr, rrop; t. r 

r m 1 d 

t t.l c s1 rlr V.l r 
• Hef·i ner 1~ , J-1 .. a.:~ 1 and Tank F r • - ler 

1 r 1 f f 1 r ak1t ~ t r ks, r d ·oratalner or lrt r1 
loltlr lr P lall~ vuln r 1 . '11 P 

rrl I tH t t JU t 11 r 1 :R • c Hl 1 J 1 t 
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YOKOHAMA. Hi gLl ~- inflammable area, 
showing lack of fire breaks and 

large unit fire arPas. 
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tl e resul t1n.g fire car1 burst adjacent tanks, causln6 !1 re to spread tnrou:ghout t:he al!ea. 
The above ll s t l s no t intended to be exhaust! ve , but ra tber to present samples or the 

reasoning under!~ ln~ the tabulated recoiTJTlenda tl Otts ln Chapter IV. 

~ 5. SUM MARY: 
Vulierabillty to incendiary att ack dependson combustlblllty or buildings and contents, 

areas of fire dlvlslons, penetrabili ty, and de!eJ1slve measures. Grouped targets present special 
problems, combined wltll possib111ties or great fire damage. Study of particular targets with 

~ 

reference to vulne r ab111 t .Y prop~rt1 es r eveal s those qual! t1 es whicn are desirable in coy-
responding incendi a r y munitions. 

Ill. INCENDIARY BOMBS 

§ 1. STANDARD AMERICAN IS'S. • 
a . Types o~ Bombs; Responsib i lity of c~s. - In order that fire can be placed on the 

target t o accomplish its powrerful effect, careful cons1derat1on must be given to the incen­
di a ry bomb pr operties best suited to each type or target . The Chemi cal Warfare Service ts 
responsible ror the devel opment, procur ement, production, and issue or all 1ncendlary bombs. 

b. Functional and Penetrat ive Classes. - Incendiary bombs are classlt l ed as !cllows, 
w! t h r espect to d1strlbutlon or lncendlary f1111rq~~ 

1.~ Scatter type i ncendiary bombs. 
-~· Iu t enslve t~1>e incendiary bombs . 

From another v i ewpoiut , theJ are p-tvided into 
1. Bombs tha t penetrate heavy structures. 
2. Bombs tt1a t penetrate medlum structures. 
3. Bombs tbat penetrate light structures. 

The bombs ~esl gned ro r the penetrat i on or heavy structures include t he lar ge r ones wh1cb 
penetrate deeply and contain lar~e quantities or incendiary .materi al . Deep penetration ls 
also a:rrorded by cer tain small bombs or goOd structural strength and h l gh term1nal veloct ty. 
The next chapter discusses fully the evaluation or each ~omb !n r e1at ton t o t he target upon 
w1.1cti it .is to be us ed. 

c . See pages 23 t o 29 for tabular survey and 1llust.rat1ons. 
§2. DESCRIPTION Of CLUSTER BEHAVIOR: 

I 

a. Qulck-OpenJng Clusters .. - Qu l ck-openlng clus"ters break open on release, general:ly 1n 
the sl1pstrea~ or the plane, There 1s an tmmed1ate s catterlng or bombs ano an even re ~er 
scattering or cluster parts. These trail s o seriously as t o menace succeeding planes In the 
formation. Hence the use or such clusters 1s conrtned t o rorn~t1ons not Involving low r r r 
elemen~s . Impact patterns from 1nd1v1dual qulck-openlng clusters tend to be large and hence 
not verY. d~nse . Formation bombing c orrec ts this situation (See Cbapte.r Vll), slnc tlt 
separate cluster patterns overlap, reinforce one another, and merge l nto ln le rormation 
pat tern. Tlle l tter const,ltutes the most appropriate unlt ln are~ bomb1n • Wind r.rects re 
relat i vely serious for bombs !rom -quick-opening clusters, especially for tllose wlth lo 
terminal velcic1t1es. The resulting lack of prec1slor, 1s increasingly serious t hlsh r ltl-
tudes , and 1t has therefore been determined, at a Joint bomb and ruze conrerenee . that _s •. ooo.. 
r eet should be the maximum altitude ror use ot qu1ck-open1n l ust rs. In compens tlon 
ror the d i sadvanta es or <Julc~openlng clusteps , tllere ~ 1s th consld rably r ater lo tl l n 
err1 c1ency. The 5DO-lb. quick- opening cluster conta1n 1$ mor bombs tlnm the a1mabl e cl usters 
ror t lte Mso and 58% uore tor the Meg. UD to the recommended alt i tud a a t l east., 1mab111ty 1 
sat1s :tactory with th~ use or bomb ng tables devised t or qu1ck-op nl ng clusters. Mlnlnum 1 1-
tude releases or such clusters are a rrect ve , s ave 1n t he cas or clu t rs or He • • rh 
latter should not b r el eased rrom l ess thru 1, 000 reet above th t rget, becau the e b 
are relatively s low t o s tab111ze and tend to strike at bad angles 1r relea ed rro low alt1 
tuae , Tt 1 re ult 1n a h1 gh per entage ot malrunc t1on1Ilg, since the bomb dQ s not have n 
•all-ways' ruze . lombard l r s r equire t a11 d Instruction 1n t he techrlqu orr le of 
qu1ck-open1ng lu ter • ---~ 
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Jt'illing and 
wt. in lbs. 

Method or 
Functioning 

Bomb FUze 

Burning time 

Bomb wts. (lbs) 

Tenainal 
velocity 

Penetration 
at T.V. 

Qutek-Opening 
clU8ters of 
1()()-lb type 

1 

(symbol, wt., 
contents, adapter) 

Qutclc.;.()pening 
elus ten ot 1, 

6()0-lb type 
(s)'llbol, wt., 

contents. adapter) 

:• 

Al•b~ ~lb. 

clusters (eYJibOl 
wt., contents, 

adapter, fuzes, 
bUrster) 

Altitude 
Rec.,_nda tiona 
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CflARACTERJSIICS Of SI NDARD C USTERED I B' S 
~~ ~ ~· -· -- - ~ . 

AN-M50A2 
AN-MooxAa 

Mg. 1. 8 

Th. 0.62 

Tetryl 38i Un M6oxA3 t 

IntensiTe: Filling 
stays near bomb 

0 

6 - 7 min 

I 

3. 7 (.t-lb. type) 
. 

~0 !t/sec 

.t• reinforc ed 

concrete {beayy 
construct ion) 

AN-Me: 146 lb. 

a.& bombs 

M6 ada.pter 

M1: 5'0 l:b. 

128 bombs 
M& adapter 

AN-KtfAl: 490 lb. .. , 
110 bombs ~ 

HlO d&pter 
'r66 •os f uz 

Primacord 
.. 

,. 
'Qu ick-Opea iar: f om 

8000' ft or leas 
Aimable: Medium to 

~lib, wit• elaa er 
burst set tor ISOOO' 

\" 

,, 

. 

.. 

-
AN-M69 

IM 2.8 
or 

NP 2.8 
I 

Ta i 1 e j ee t i ou: 

Burning aoek of 

mixture is ejected 
up to '15 yds. 

Ml 

• - 5 miu 

6. 2 (6-lb. type) 

J •• 

225ft/sec 

2" to 3" concrete 
' 

(liRbt to medium 

construction) 
< 

AN-M12: 105 lb. 

1.& bombs 
M.& adapter 

AN-Mts: 417 lb .. 

&0 bombs 

,.1 adapter 

M1e: a&o lb. 
88 bombs 

M9 ad &:j'te r 
T66 no fuze 
T53 tail fute 

Primacord 

.. 

Quict-OpeniD(! from 

l 0001 to 8000' 
Aim&bl•: Medlam to 
bilb with cluater 
buret aet tor 6000' 

CONFIDENTIAL 

74 

.. 
WP 0.8 NP 1.94 

or 

WP 0.8 PT~ 2 .. 2 

Tail ejeetion 

Kl-&2 (all-ways fuze) 

' 

4 - 6 min 

'T.f\ or 8.2 
( 10-lb. type) 

Over .t 00 t t /sec 

4" concrete (beavy 
cons t roc t ion l 

136 lb. test .. ) 

14 bombs 

560 lb. test. t 

60 bombs 

400 lb. test. t 
18 bombs 

Ts& .aose fu&il 

T&S tail fuze 

Primacord 

Qalck-Ope•i•a: frnm 
aooo• or leas. 
Almab;e: Me4i.- to 
~ir•, wit• el•ater 
baret aet for 1000' 

I ___ .J 
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Filling and 
1Vt. in lbs . 

Method of 
Functioning · 

FUze s 

Burning t ime 

Bomb wt . ( lbs) 

24 

Terminal 
velocity 

Pene tr& ti on 

Bursters 

~ 

. 
Altitudes 

-

C~nts 

··, 
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CHARACTERISTICS OF LARGER STANDARD IB'S 

.. 

I 

IM .(0 lbs 

or 

NP .(O lbs 

Scatters over a 

60' r adius 

!N-Mt26 
AN-Kt26Al 

"' 

.'-

10 min (Approx) 

6 9 (1 ro=ib. type) 

825 ft Jsec 

5" cone rete 

f r om !6. 000 1 

-

M12 or H13 

Mi n safe r l e a se: 

200' . Penetrat i on 

Good from 16,000' 
a.nd biR.ber. .. 

.0 

,. 

May be mult ipl -

suspended (Sp clal 
J.oad iaas): 2, s, or:r· 
more bombs at a 
station 

I• 

• 
M76 

PT- 1 180 lbs 

Scatters over a 

1501 raduis 

AN-l'flos nose 
• 

AN-H101!2 tail 

t 

20 min (Approx) 

.. 

473 (SOO-lb. type) 

1000 .ft/S~C 

lo" concrete 

t rom 25-, 000' 

Ml_. 
Adapt~r-Booster 

Kt15 
. 

Mia s f .release: 

001 • PeDe t r a. t i on 

Good f r om 15,000' 
and h i ghe r. 

May b us d in low 
leY 1 atta~k wbeo 
build ioJ or cont at 
are combuatibl • Also 
eft ctiYe wbea a-

·,t reme pe ae t rat i oa is 
r quir d 
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Belly Tank 

Gasoline Ge l 

Spreads over 

6 0 1 X 120 1 

for 75 i&l. t a nk 

Igniter 

" 

l as taat&neous 
Burst 

Hi i rnum 
Alt i tad 

For a fro,u 
tiabt r aircr ft 
aralaet lYarlo•• 
tarcet 
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b. Almable Clusters.- .A1mable clUSters are des i~ed to ha~t.e balllstLc proJle.r:t les ~Ollt:_.,....__~ 

parable to those of GP bombs. Tr1ey operate by time fuzes whlcb can be set to functlOl! at· 
various altitudes. Tre scattering of bombs on cluster opening is Inuch lets than ln the case 
of quick-opening c lusters, so that individual cluster paeterns are relatively compact and 
dense. Formation- patterns s.re also different for aimable as compared w1th qu!ck- opentgg 
clusters (See Chapter VII), and t he former, of course, impose no special restrictions on the 
formations from wh1eh they are re1eased. When a1mable clusters open, they are generally mov-
1ng at velocities higher t han t he term1nai velocities of the ~nd1v1dual sn~ll bombs . The 
latter are therefore less .subvect to wind errects than when they are released from quick­
opening clusters. After an aimable cluster bursts, the bombs decelerate toward their terminal 
velocities. If they strike with excessive speeds, there maybe malfunctlonlng due to rupturing 
or collapse of t he bomb on impact. To allow for surrl ci ent deceleration and for s tab111zat1on 
or the bombs ln flight, 1t 1s recoinmended t ha t cl t.s te r s be set to open at 5, 000 teet. With 

~ 

such an altitude of clus ter open i ng, i t i s fQss 1ble to bomb trom ·h igh operational altitudes 
and achieve the same sor t or prec i s i on as wlth GP bombs . on t we nty-two dr ops of t he M17 
cluster at Eglin Field (AAF Eoar d Project no. (1-1-5) ~4) rrom altitudes rangi ng be tween 5, 000 
and 25, ooo feet , tt1e average c ircul ar error or tl e center or i mpact of the patt.er n was some­
what over 500 feet and ranged !rom so to 1, 000 feet . The M17 cluste r was found t o t rail the 
5QO-lb. 1143 GP bambby approxlmatel~ 30 mil s for releases rrom 20, 000 and 2F., OOC fee t. In tl1e 
case or t he M18 cl uster (AAF Board Project No. (lt.-5) 140) , a1mab111ty was r our,d sat1s!p.c t-ory, 
Wlth special bombing tabl es and w1th a presetting Of trall l ntD t11e bOmbs ight. 

~ 

§3. BEHAVIOR Of DIFFERENT BOMBS ON TARGETS: 
1t.1s s ecti on l s lntende<l to describe, lnsofar as available 1n ! ormat 1or'l pe~m1ts~ ctte 

behavior or standar d b ombs on targets or vartous sor ts . Spec1!1c mat~l1lng oT bombs w!th 
given targets 1s treated in Chapter TV. 

a. Striking a.nd Terminal Speeds.- Bombs may str1ke wi th ve l oc1t1es aons 1ue rably <ilf­

rerent rrom their terminal ve loc ities s.hcrnn 1n t he t abl e on pages 23· 24· From low ana med1um 
altitudes, the 1147 and M?& strl k,e wi th cons i der-ably less than the lr terminal veloc1t1es. 
since the~e bombs accelerace relat i vely slowly. Tl1e M50 may str-l K:e wlth less t han t erminal 
velocity 1f dropped from a low altitude, wi tt• a resulclns decr ease tn penetrating power. T.h1s 
ls not true or the r-169 , because 1 ts te nnlnal veloc i ty. ( 150 m! thr ) ts not lt1 !1 s c a mpo. red 
w1 th the speed or a plane on a bomb tng ru..'1. Low a1 t 1 tude re l eases r esult 1n s ome increase 1n 
the percentage or malrunct1on1ng smA-ll bombs . s i nce t ne bombs have less o portun1t; ~ to 
stablllze 1n !light and hence tend oo str1k~ aG bad angles ot 1. pact. 

b. M50·- Thls bomb should not be used on easlly p~ner..rable domestic targets w}l1cl 
might permit the bomb to go clear througn tile rnrlB.A1llTl8.ble parts (i ana bury jtselr lnerr cttvely 

' . 
or runctton 1n an unfavorable pos1t1on. The till 1ng or tnls bomb remains 111 the 1mm d1 te 
v1c1n1tY or the place where 1t !unctions. For 1ts ett1c1ency, lt depends on la.nd1n !n 

.. I! .. ~ 

location where -k1ndl1ng n 1s ava1lable. Large numoers or MSo•s can be loaded ln plane, 
resulting in' a large a1strlbut1on or bombs w1th1n the target area. 'I'he fire-r 1s1n rrects 
deDend, or course-, on the existence or an appropriate d1str1butlon or k1nd11n 1n the tar et. 

c. Y69·- Penetration or light and medium, but not heavy, construct ion ts arroraed by 
thls bomb. Ir 1t lands on too strong a roor, lt may bounc orr or lt may stick 1n the root, 
eJecting 1ts 1ncend1ary !llllng exterior to tt1e target, wbere 1ts errect1v n ss ls much re­
duced. It ltas appropriate penetrative power tor a slate roor and i lnct wooo sheath1ng but 
rot ror several 1nc.hes or strong re lnforc d concrete. Funct 10n1n or the 1169 occurs about 
three seconds arter the 1n1t1al 1mpact, allowlng t.he bomb tQ go tarou h a root and perhaps 
penetrate to a lower tloor, 1r the structure 1s 11ght, betore runctlonlng, th1s bomb eJects 
its incendiary material with su!t1c1ent rorce tQ carry the bulK or 1t as much as 75 Y•rds ln 
the open. The eJect1ve reature results ln ~ d1str1but1on or t1111ng on walls, turnlture. an 
so on, where 1t adheres while 1t burns. Thus the Meg 1s rreed rrom the ne ess1tY or ~~ ton-
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CONFIDENTIAL 
c . Rosnl ts o:f. Tests nt. E lin Fiel fl . - Recent tests conduct;ed at .Egl i n Field, to oe­

termlne t he ertects a! H~ ln a primar i lY lncend lary--a:T."E"B.o:tt-aek:, c;i!scLOsed cha-t--~~ actUally 
retar ded the i ncendiary action. Area targets containing prototype Japanese dwell i ngs , ~ach--­
consti tutl r.g Bh areP rOU $tl y 1c::; O x 300 ya r ds , we re cons truc ted, 10C-l b. demol! tlon bOFlbs were 
dropped on thew The PF' tJl e'll out wall s and d ! d sotre rlama&e to tr e bull dit1~~ 111 gener~l , but 
dld not start a flre or any proportions . s uch fires as ~ere s tarted were easily contr olled. 
Incend1a ry bombs (MP9 ) were then dropped on t he Ko. 2 Tar get. Although only 10 per cent or 
the tBs actuallY h1t the t a r get, a fire had devel oped wh ich \-v 1th1n four minutes wa-s ln a 
confla gration s t a t e . r ue to the intensity of t he fl re , trained fire- fighters and profession~l 
equipment had to be wlthdr avm !rom fire-fighting, 3.nd t he t a r ge t was consumed. On the ro. ~ 
7arget, 18 was again dr opped followed by p~. The H~ ft00- lb. ac ted to blas t out fires that 
bad sta rted , a nd the tire s we r e br ough t unde r control . on Tar get No. 4 the E~ vHiS d r op}:)ed 
firs t , followed by the IB. I n th fs case , the tires wer e much s l ower to develop as t he broken 
timbers were s l ower to t ake hol d . Trained f ire- f i ghte r s adequa tely c ontrolled t he !ires. on 
Target No. 5, I B and fragmen t ation bombs ~1ere employed. The IB e fie ct lvely s t a rted fires 
slm1lar to tbos e in -Tar ge t No . 2, and ~e f r agment a t ion bombs were or 1nsuft1clent blast to 
a rrect materia llY the 1n1t1al burning phases or to damage t he buildi ngs t o an ex tent which 
a ffe c t ed the ir bur ni ng chqrarter1st1cs. Pince these t ests d i sclosed tha t HE offered no fir e­
a iding qualiti es , but rather ac t ed to ret~rd the rap1d effec t o r r~ , it was concl uded tha t P.~ 

i s no t sa tl s ra ctor.y l n any large quantiti es on lncendlary ~rea mi ss i ons , bu t should be used 
only ror t he conrusl on, rear and delay 1 t may create . It \.·'as fur ther concluded that the bes t 
me thod to ob t a 1n thls result was bY the simultaneous use or the 2D-lb. fragmenta tion bombs 
together wl t h the IBs , in a coextensive pat·tern, the rra~entat1 on bombs cons t1 tutlng 20% a! 
t he l oad. 

d . Mutual Effec ts of' HE and IB· - v'hile the best proportion of HES ln a n incendiary 
a ttack appear s to be small~than was believed 1n earli er stages o r ' t he war~ lt ls certain 
that the us e or some HEs , suitablY coorolnated with the IBs , tends to incr ease the dama ge !or 
Gennan t a r ge ts. Not only the proportions bUt the methods or coord1natton a r e s tlll sub j ects 
f or oper a tional anal ysts. Slnce tests d1s~l.ose that HFJ directl Y mi xed v-rl th IS some times de­
c r eases the 1n cendl ary effects or an attack, the use or HE shoul d be c l osely eva lua ted . 
Further ~alYsi s should be made or the best allocation or HFs flnd IBs among pl anes , squadrons , 
or ~roups; t he order or use or HBs anti I8s; the relative al t l tudes to emplo~' : and nhe (lues tlon. 
dependlng on the target , whether to pla:n an atnack as a coor d1na t1 on o r Incendiary a nd de­
moi1t1on m1ss1ons or s an lncencHa.ry mlsslon supplemen t ed by a small proporti on ot lllg.l'} 
e xpl os1 ves. r1ma.r11Y, the oemol l tton bombs serve , a lon~ \.Yl th rragmenca t.1on a nd r:tn t ! - per s bnnel 
I ~s , t o hinder t !'Je enemy ' s rtre- flgbtlng actlvlctes by d1s rupt1ng tra ttlc , creating confusion 
a nd pahlc, and occas t onally br eak!n \\'a.ter matns. For built- up J apanes e area t a r gets, ~o-lb. 

tr gmentat1on bombs -ar e best (see t l1e p r eced i ng par agr aph) . A !e\-.' targets, as fuel storage 
tanks and ol. l re rlne rl es , become mor e vulnerable t o l ncendl .a ry a &tack a rter t'leln~ broken by 
HF bombs . Ot he r ta r gets become les~ vulnerable , The value or HEs ln window break ing and 
otherwls e creatln~ drafts 1s quest i onable, slnc~ ( 1) l a r ge Quanttt1es of HF.s t11sp1a\,;ln a .. 
aor~spondlng we1ght or IBs , a r e r equired ror extens ive wlndOto~ bre akage and (P the HFs m Y 
d 1.s r uptj! target 1n $UCh a way a~ t op event tne fla~h-po 1nt bel n rea ched l n cer~a1R portions. 
A small 1ncendlary bomb. in room, s tarts to ourn 1ntens 1V"ely and se t s nearby m terlal ablAze. 
As the hea t Increa s es a nd tll~ .. rlash-po 1nt (or k:1nal t ng temp r· tur e 1s r eached ror di!!er ent 
Obj ects 1n the room, they burs t s pontaneously l nto flames • . uch temperatures r reavhed mor e 
eas ily 1! the room 1s not over-v ntllated , 1n t he 1n1 tlal stages, by broken wi l}dOW'"" or walls , 
whlch a l low the beat created by vhe bomb to be carri ed o r r . Ther e 1s gener al ly urr1 ten t 

' 
oxygen to perm! t tne deve l o pmen t or a rLash-po1nt teJll)er a. ture. Howevert as the oxy en 1s con-
r-umed, t.he !1re t ends to subs l de. rn m t cases , the hea t rrom the r1rs c thne~ to rtve minutes 
ot !Ire , when a. r o om or r ea bec omes nveloped In !lames 1s s urr1 c1ent to bre k \"1ndows ana 
adm1t enough 1r to s us t a1n tlle r1re. Dl rupt1on or th room in dva.nce by emol1t1on bombs 
w111 freQuentlY pr vent a tta inment or the rl sh-polnt. 

e. FJ r.- ~ t-.rtett by u~. - l orne rlre ~ ar~. or cour~e. t art <1 by [~;en ral purpose bombs: 
tor example (1) by the xr>loston rl ~ h lgnl tlng h1gtllY 1ntl mmable m tertal, (• by dls-
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rup t1 on at e c..tr.1.:C..-.c1r..cuLts. and gas_ma:1ns,__(3..). b _s__g_a. tterln s toves , rurnaces 
f ire- places, etc . , And (4) by temperature or bomb fragments . The last-named etrect 1:s relatively 
lnfrequenc, except 1n the most vulnerable type or targe t s , such as ammunition and ruel dumps. 
The reason 1s tha t a lthough HE particles attain very hi gh t emper a tures , they reta in these 

• temper a t ures only ror s hor.t periods or t ime , and both ·in tens 1 ty and dura t:1on o r hea t are 
f actors ln fire-rai s ing. The !!res crea ted by HE are not to be ignor ed. They contribut~ so 

much added fire damage. However, such added damage is not to be coun t ed on 1n advance 1n a 
pr1marl ly incendiary attack, s ince one cannot relY on the development or a deflnlte per centage 
or tires rrom HE. The primary action or HE Is blast damage and such !1res as occur constitut e 
A.n added net profit ln the r aid. 

§4. SUMt1ARY: 
Bas1c 1n the plann ing o r an 1nc~nd 1 ary attack 1s a s tudy or r1re dlv1s1ons in the 

target, so t nac t h e magni tude· and me t hod or assaul t can be planned relative to the desired 
probable damage. c onflagr ations ar e t o be j oped tor on ly under very special tar ~et and weather 
conditions , but when t hey occur , t he ultimate ln i ncendiary damage l s attained. High explosives, 
correc tly se~ected and Jud i c iously used 1n suitable proport i ons, will 1ntens1!y tire damage. 
If excessively or unw1sely used , they substantially dec r ease the welght or -1ncend1ari es on 
the ta r get and are very likely to have detrimental e f fects on f 1re-ra 1s1ng and tha spread or 
!lr e. 

tt . TARGETS 

§1. INTROOUCTtOH: 
~ 

,..a . lmp()rt nnce of Ca r e fu l Target Annlys:ts . - The bas1c obJ ect i ve o r an incendi a r y 
a tr.~cv 1s to cause rna. 1r"Um flre damage . This can be accomQlJ.shed only when a t hor ough knowledge 
or the ta r get ls available and an~lyeed. In vtew or the nature or some tar ge t s , the best that 
can be hoped ror l s r 1re damage 1n tt~e lmroeo1ate v1c1n1cy o r t he bombs, because or ! ire­
r es i s tan t barriers. In o ther cases , cont1nu1ng tlres 1n adjacent ar eas can be expected r r em a 
bomb because or the ab111 cy or tile 1n 1 t tal r1re to tra.nsm1 t 1 cs bl ze to atlJ a:cent structures 
a nd material. Thes e ! ac t or s very de r1 n l tely a rrent the bomb load and techniQue ot employment. 
They are prlme t ar ge t cons1oerat 1ons. 

b. Homh Denc:i tv Anrl F~t re lle fens~ . .... In cons tdera t ton or -eHch t a rget and cor respandlng 
bomb dens ltY r eou1red for max lmwn e rtect , the !actor or !lre defense l s highlY lmportant. s 
an example, 1f tlve bomb un its over an ar ea or ,oeo sq. f t . woul a be ample ctensttY to cause 
maximum damage, l t 1s noss lbl e t ha t tl e tra ined r1re de! ense per.s onnel could ext1ngulsh or 

.. concrol all or. the 1 r es thus er e ted. Howeve r, lf t en unl ts are pl aced 1n the same are ~ 1t-
~ 

l s nll't 11"KE1Y 'Utm.t cont'to1 coul d o exer c 1s ea over all tlle r1res thus creat ed. In thls case, 
rou r or r1ve fires , or perhaps mor e , ml ght deve lop to sut!1c1ent e cent t ha t 1rre1> le 
a~mage w.ould be a=e compl1~ hed. By carerul .analys i s or the patte rn that can b e p c t ea , 
dens i ty r equlrement ean be d e termined wtU cll should lns ure maximum da age !or a l ven tar et. 
Tllls dens1ti"w111, na turAlly, va-ry wlth "" th comous t1b111t.y or t11e s tructure nd ontents or 
the t a rg t ,. on eas 1ly lnrla:mma 1· tar ts the dens i ty can be l i ghter, bee u e the t s · or 
conJ:,r ol l 1n the !ires... 1~ more rauous. The r1r -l'i ght rs must cop not only w11:n the bam , 
but f.l l so w1 t.h e~~llY lgt1lt~o m3.terl a.l 1n whl ch f l r-e may ga i n r p1d 11~ way. Ql les s 1n!la:mmable 
targe~ , the 1n1 t l al !lr ~r ight1n rror-ts J . s Lar uou. 11 ve tt r chance to ope 
wl th the bombs., l nce ttJe r sul t 1n a r 1 re low r to 1n h dw nd r ch proportions 
beyond local control. 

~~. liST OF IHCEMDIARY TARGETS: 
a. Intt 1v 1 r!u"l TynP. of TA ~"v~ t • - A t r ge t 1... ood ohj c t tor 1 n n 11 ry bombln 

'ittack 1r (1) It 1 vulnerable to rlre and (?) tlle pr obabl du y to th enemy, comp red 
w1tt• the cost or the att::tck. 1 rtreat r ttl n by oth r ~ethot. H ny LYt or nemy tar t 

clearly ru1r111 the e conott1on ; 1u t}le c e or other typ , pectal circumstance <1eterm1n 
wtaethtr or not 1ncend 1 ~ry bomb ln p; 1 tl e mo t ppropr 1 at mode '0 t t t ck. The to 11 w1n re 
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lng 1n the immediate neighborhood of kindling. In built-up damest!c areas, the Meg o!!ers the 
posslblllty of raising some fires by outside ejection hits from bombs which miss buildings. 

d. Y74·- The M74 has much 1n common with the Mag, but differs from 1t in several lmr 
portant respects. The Meg achieves stability and has a low terminal velocity because of the 
use or cloth tail streamers. The M74 1s stabilized by a metal tall fin whlch springs into 
place on release of the bomb rrom 1ts cluster. It has a higher striking velocity and con­
siderably greater weight, with a resulting increase in penetrating power. Having an ftal!­
ways" fuze. it does not share the restriction of the M89 rrom low altitude release, since 
runct1on1ng ls not dependent on the striking angle. Functioning or the M74 ls more prompt 
after impact, so that the incendiary !ll.ling is frequently ejected 1n the upper part or a 
target, perhaps in an attic, just after the bomb goes through the roof. The white phosphorus 
in the M74 produces dense smoke, obscuring the seat or the fire and tbus deterring flre­
!ighters. 

e. M4?A2·- The M47A2, on impact, sprays its filling over a radius or 50 feet or more 
1n the open. When 1t blts a roor or light• medium, or heavy construction (up to 4" reinforced 
concrete), 1t crashes through and distributes burning incendiary mtxture w1tb1n the target. 
While the bomb has strong penetrating power lf. dropped rrom 15,000 feet or higher. lts size, 
shape and manner or functioning make 1t 1mposslble for the borrb to bury 1tselr lnerrectu­
ally. It 1s, there.rore, a good all-around 1ncendlar~ ror most industrial targets. :How­
ever while errectlve ror most targets, the M47 1s relatively 1nett1c1ent !or targets wnose 
small rire divisions indicate the use or smaller bombs. The M47 carrles wlth it a large 
enough quantity or incendiary material to start a very rapidly developing !ire even 1n a 
target lacking a good d1str1but1on o! kindling material. Stnce the M47 star~s a rlre wh!ch 
Immediately calls !or Qroress~l !1re-!1ght1ng appliances, 1t 1s class1t1ed as an "aDpllancen 
bomb, 

t. M76·- In targets requ1r1ng 1ts use, the large quantity or pyrotechnic mix, and the 
extreme penetrating power (from 15,000 reet or h1gherj give this bomb good r1re-ra1s1ng po­
tential! t les. Its use shoula be res tr1cted to those targets wblch really demand the penetrating 
powers or the M76· This 1sln accordance with the general prlnc1ple or incendiary bombing that 
the greatest e!f1c1ency is achieved by taking advantage or the high loading posslbll1t1es ot 
the smallest bomb adapted to the vulnerab111ty properties or the target. E!tlclency 1s mea­
sured by ~amage per plane lOad, rather than per bomb. In the case or the M? bomb, despite 
the scattering or its filling. near rnlsses are not errect1ve. This Is associated ·1th a delay 
o! ·025 seconds 1n bursting the bomb, even when the ruzes are set instantaneous. 

g. Belly TanL- This weapon 1s usea to obtaln a wide-spread, qulckly-oolsurolng tlre 
tor targets ln the open where oenetrat1on 1s not involved. When It runctlons. burnlng gaso-

• i4ne may spread over an el11pt1cal area or eo by 120 yards. It has value ga1nst pill bo es1 
slit trencnes, and supply dumps, tor example. .. 

FIRE-RAISJ G EFFECTIVENESS: 
Etrect1veness ~an be t~~ted 1n simulated targets with sultaal combust1b111ty. he 

d1tr1culty or evaluating and reproducing the comoust1b1l1ty ot enemy tar et 1s so great 
that 1t may !requently be 1mposs1ble to determine the r la 1ve ertectlv ness or d1tferen 
types r bomb-s 1n oertaln t rgets. In adltlon to combust1ti111ty. tll1S ette t1v ness depends, 
tor each target~ on ~1J bornb c~nc trat1~ or dens1tles, a re~a ~ t~~ire-a1v1s1on a~a~. 

(2) ~oord1nated use or hlgn e ploslves ano (3) e!!1c1ency or !1re aetenses. Such conslaera­
t1ons are treated elsewhere 1n tb1s reDGrt. 

Bombs are tested ln connect1on w1th the t1me required to raise a glven room to the 
tlas~-polnt, or Klndllng temperature. ~he small bombs depend on tnrlammable material ln th 
tar&et to achieve th1s result. Largerl bombs have 1ncend1ary f1111ngs capable or produclng 
autt1c1ent sustain d heat to ra1ae a room to its tlash-polnt. All bombs are generally as­
alated by burn1ns ~ter1al 1n the target. Where the t1re-watchln standarO 1s h1ah. larger 
bombs have the advantaae 01 quickly p~oduc1na a blaze requ1r1n1 a t1rt hose, rather tfia 

I 
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stirrup pump. This stlould be welghed against tlte numerically large plane loads of smaller 
bombs, wl11Ch, 1! enough kindling material ls in the target, can overwhelm flre guards with 

numerous smaller fires. 

.t5 • FOREIGH 1:\CENOI:ARY 801185: 
a. Nature and Purpose of In~ormat1on.- This report does not ~ttempt to evaluate for-

eign IB•s but lists some or them here to permit comparison with our bombs. Since no com­
.p rehens1ve, up-to-aate survey exists on the subject or foreign bombs, the facts have bean 
<;ollected tram- a variety or reports. It ls not intended that the lists s1:LOU1d be exhaustive. 
but it is felt ~hat the types or bombs most interesting ror the purposes o! ~his survey a~e 
covered. 

b. Tabular Survey.-

II 
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Gerrna.n 

Ge r rnA n 

German 
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1 urr:-1 n u 

... \ n.:> l Jfr 

t ro 1 10 l 
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Comments 

ti ke our M50 

"" 

Covers ! loor a rea about 2.7 l 7 ft.. , when it !unctions. 
~ w~~ 

Depletes oxygen unless wtndows break. tC ttnn of tbP bomb C.J.n c a.u!';eo ~uch br£>..~.,.a p, 

Clus te rPci t4 to en a.imable 500-lb . clusteor . ~omits .1 Jf'ot of f l .. u~-e. It ~·p 1 b}(lW 
torch, <,ibOU\ 8 ft. long. 

Con ta.tns gasoline, crude rubber, phnspborus . 

0 . 
The only Rus!"tan IE cu rrently available. 

. 
ObfJSphoru"\ tocen1tary snherpq ¥bicb igntte spont~nPougly ... ·hen cont IDe r~ b rec1k 
on 1m aCt. f{nfnrnntinn i Dti 1 fPC t, throu£b e nemy report. J 

;; 1'' h t tyt\P!':, with li~U tl pro;~ertt Afl of ~mlll t be nnt te bombq. f nP h..1S 1 ~tPel DOC::.(' 
(()'f f: T<'<.i tP r l~"netr,1t lf'D, lsl<J.tP roof and ~ev11rcil flonrs nf Fri tlsh houc:ingt . ('nP 
tn oe; 1 F.t•r>..Lr1.t lOfl "'~P I <'!'l ve n oqe, an11 total lle 11-!b t o r 4.~ lbs., -.. 1 t b d de la ye~ 
fUl.~,. u i' to 7 mtnutP~ • 

/ 
Th1~ b O!llb w .\<; DPV€'r USNi aP,dlD!'t r n 11 nd 

. 

"r uJ tl-lDCr>Ut111.Ty" bfl h, cons i ~ tt n l' of cae- "hH::b bur~ts on 1mtnc t ~c tt Tlll 

Rr.\ llf r j}' . 1 t cont1JD~ llV $ dl P' ~. ~ l l"fl r on ~ ~ D l 12-1 ~ 1 b . (\f htgb r>Y-

1ln. 1 V• 1n t hr n oo (>. 1. uran.~Lrc1nd Cnut ..._ ~ 

I r t four '1 r 1 lt nn ( f t.hl r.fla~>r J typ ~ nooP r .. ~ 1 hd. ~ b~ I d 
.. ~ l 0 t "fi 1 ~ n t. 
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Japanese. 
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Japanese 
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Weight 

240 lb. 

140 lb. 
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&0 ...... 

60 .... ,. 

60 ki· 

7 0 ki. 

2&0 tj. 

Nature of 
Filling 

'12 lit rs mix. 
Petroleum sol-
'Y Dt 87.7 
Polystyreo 11.71 
Phosptaorus 0 . 5' 

110 lb. 
Pllospboras 85.6J 
Ben~eoe 13.11 
Polys tyreae 0. 41 

220.6 lb. erode 
oil Me /Powder 
It• it ion 

Red Phosphorus 

Thernu te 

Incendiary 
Pellets 

AD t i- Pe rs oooe l 
Pellets 

Oil I' 

lace Ad iary 
Pellets 

Tbenni te sur-
rooaded by para-
ftb. wax & i ro-
se e 

Blact powd r. 
T nnite i 
foor coat i r8 

S e C Dts 
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Comments 

.. 

Also a slitlltly heaTier bomb .. 62 lb. ) of the same ieDer41 11:1 t u re, vit.h 
alurniaumoia the tilliar. (Ne'Ye r used acaio t Eu i land. I 

Fra ame11 tat ioo, vitb shrapael effect. 

Combined HE aod IB of a i r-bur&t type. It shovers down 198 ince ndiary pellets 
of suet tilled W 1 t b p b OS p b 0 r 0 . 

~ 

Pellets of p hos pharos alld robber are scattered 76 yds. 01 explosion. -~ 
1-- A th1cteaed oil bomb of &catter type • r-

440-~60 rubber pellets 1 " by 1 ". imprernated w 1 t h p bosp or us a od carbon 
disulpbitP. They are scattered by explos 100. Oae of them w 1ll burn tor 
about two hours . 

' 

Tb COD ta 1 rs are scattered wh t e bomb boT ta. 

A comb i d lB d H bomb 01 reat ft ctiv e . l t is of 1r-b rst t)'p 
flOO to 115 feet a boT round od s ov re 756 1nce di r c 11 d r ()" r 
r dtu ot 17 b Jd~. I t contain 75 lb. of _lg xplOSl'f 

Report 4 bomb cl e t rs ioc1" lop t t .tor 8 ai t ire r ft i fll t. 
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aeons tor The•· - Under certain cond1t1ons, situations have developed 1n wbtcb 
lt was exped1ent to use especially improvised lncendlarles rather than standardized bombs~ 
Since such situations are not prevalent enough to Justlf3 the development or special IB•s, 
1t has been considered advisable to ut111ze 1llstead existing r•eld equ!pment wltll slight 
mod! t1cat1ons. 

b. Improvised Oil Drums. - These are empt~ f5 gallon o11 drums that car, be !leld-!illed, 
tor example wlth low octane motor Quartermaster gasoi lne In 6.1% or Napalm. SUsper~1on lu~s 
and impact Igniters are attached to the drum. Thls improvised incendiary bomb finds ef!ect1ve 
appllcatlons on docks and warehouses or large piles of lntlammable material. It ls also er­
rect1ve In dropping_. on water and i gnit ing oll slicks, and 1 t can be used to cause a rlre o.r 
short burn1n6 tlme on water when small craft and light docks are the target. It ls best re­
leased from altitudes or 1,000 to 5,000 reet. The ilns or l,OO~lb. OP bombs are attached 
to ..the. drum and lt then possesses r;easonable_ fllght stabJ.llty. TWo such drums can be placed 
together and made into a single bomb. Such a bomb w.uld represent a t,ooo-lb. incendiary oll 
bomb. (Because or poor ball1stlc properties or o11 drums, the prec islOil required for ptn­
polnt targets requires releases from between 150 ft. and 500 ft. The effective burstlrg raa1us 
ls 50 feet. 

c. Droppable Gasoline Tanks. - Past operations have disclosed that targets have after 
presented themselves, !or which a large qu1ckly-consum1ng tire Is most effective. Such targets 
have been aircraft closely parked, · inflammable stores , camps, wharv,est warehouses or 11!Sht 
construction, troop concentrations, and troops firmly "dU!S .ln .. 1n rox holes or trerches. For 
such targets. the droppable gaso~lne tank, 75 gallon, r1as been used. It is the regular 75 
g~on auxiliary tank tilled wltll thlck~d gasoline and havlng two M4 igniters • .one attached 

/ 

tu each s1de or the tank. Upon impact, the i g11lters function) spteactlng the burning gasoline 
over an elll:Dt1cal: area or aoout 100 yards t.Jy 30 yards. Thls lmprovlsed 1ncendlary, or "!lre 
bomb," 1s especlally ef!1clent ror low level attack on vulneraole targe ts. A great quant1t.Y 
ot !lre can be lald over a s1zeaole area oy fl~hter alrcrart, causing untold damage. Iu vlew 
or tbe ract that all pa~t.s or this weapot are stanaard, and that only the putting or the 
Napalm mixture 11 the tanks 1s re ulred, tltls Incend iary ls especially use!ul un(ier field 
conditions, lf su1table targets are a'Va1lable. 

§7. SUMMARY: 
Small &1<1 large 1ncendlary bombs or considerable var~ety exlst. possessing spec1al1zed 

properties peculiarly sui t1ng tl:tem to var!ot s correspond1ng types or targets and or en em 
tire delenses. The small 01 es are clustered 1n qulck-openln r, and 1n almable clusters. The 
qute~openi£~~ ar~ ot restricted usefulness because or ( ) hazard rrom ~luster parts in some 
ronnat1ons, and (2} w1r d disturbance. The almable clnsters involve smaller pay loads than 
qulck-open1ng, but are a:Qapted r.o all I'ormatlon~ od l1ave better prec1slon :properties. In­
cendlery bombs dl!fer ln (1) dls rloutlon or 111 ena1ary n)ater1al on !UI1Gtlonlnt$, (2) speed O! 
~1a1ng a room to the !lasll-DO lnt, (3) numu~r or l)ornb uHl ts. per. plane load, ~ (4} terminal 

• 
Yeloclty, and (5) penetrating power. St,.SJ dard bomb s J .ts and special uomb1r ~ tables can be 
used for a~l tfie standard bombs afd clu ~ePs , tbou~l some are more s!rected than others b 
tbe lnd. Tbe larger oll bombs have greac !lre-ralatng powers, but they are ~eneTally less 

te.nt per pla;1e loao wtten tne taF et can be 1gn1 teo b) smaller bombs. Tbe Brltlab. 
~~~~·~-::Qle Ruaslatts; tlle Oemaus, auell the Japanese ltav lncendlary. bombs 1J• conslderyte 

I 
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tar - az1 um }; op~r- '"' :til-s-euss-ed:-- 1 he twO-f~llegOll e;-C.hap te~s: (1~ The 1n flarrurab 111 t j 
s11d coJrtiust1t1111ty or t he tart;et correspond to the .flre- rls1n5 powers o r th<! bon:b. 2 Roo f 

treL th or the taroe t correspouds to :P ene trat 1ng powe r s of bombs . (3' Target and flre­
dlvlslon areas cor:respond t o pre: 1s1on and pattern propert~es . (4) Fi r e defenses correspor1o 
to rapictlt~ of fire- developmen t, ant1-persormel features and coordination w1th rr a&1fien t at1on 
bon:;os or posslole o the r PE•s. AltOther aspect of the problem 1s possible pl ane l oad i ngs, 
\oil1lc help determ1n~ tlle selec tion or both bombs and planes ror a m1sslon. A table or load­
lt.es ir 1n the next chapter. 

\ . vulner ability Variations. - Gond1t1ons governing bomb choice vary anorte. targets or 
slmllar t j Pe . and also var y over a period of tiroe ln 1nd1V1dual targets, beeause defenses can 
ue ct~anc-ed, new barriers to the spread o f f1re In troduced, r oofs reinforced, ru d so on. In 

• view of this \'ar1at 1oi 1r vulnerability properties ar~d also because matters of ava1lab111ty 
Maj· restrict selections, t he tabular r ecommendat i ons bel ow con talr1 alternative cbolces for 
rn osc types o r targets. 0 

c . Fire-Division ~ Sizes. - I t .i s to be emphas:lzed that lange bombs are generally 1I1ap­
propr1 a te Where f1re-d1v1s.1ons are small, since c;te smal ler bOmbs l)ave better pattern d~nslty 
pro e~t1 es . If t'te total target area 1s smail, either cluster s or l arge oomos ma~ be used, 
a~cord 1r ~to vulr e rau l l l ty prope r t i es. 

d. probability. - The pr ouabl ll ty conslderat10llS involved euter i nto quan ti t y r equlre­
Jl eLt.s, W . .t1Gt. a r e t r ea ted 1n fhe r ext cllaPter. 

e . Low Altitude Possibilities. - Where low altitude attacks a r e defens 1ve ly pet:mlsslble, 
qulck-open1li6 cluste rs , selected for penetrat10ll ar d f 1re-ral~.1n:g powers, or heavy lncenalary 
oombs with de layed ac t l on fuzes~ be used. Posslbll l tles or low al t itude a"t tac~ can arls 
11 con ectlort wl tll I nade _uacely d.e!en<led built-up areas , w1~h cer-tai n s tores or rnaterlals, 
and occe s lGilallj• \.-Jl tl'l 1udustrl al establishments . 11te lar 6 er boruos. antl ulcR-open t clusters 
of r:::o •s \verh~ ps al so Qf l174 ~ s) car be tt1row.n r.rom n1r tmum alt1r.utles lnto vero1cal wails . 

~2. TABLE OF RECOMMEH0£0 lNCENDIARY BOMBS: 
Tre r ec omroendat 1ons Oli pages 3?, 38 and 39 are based on oper.at1onal experler ces, 

tests, and stud l ed ar,a l ys l s of ta r eets and oombs. It ts t <:l be emphas i zed that v .ese co 
e datlons r elate to the a e r a e ta r gets wltn l n the dtrrer ent ca tegories and that unusual 

tar5et co dltlons m1ght l ead to 0 ther c11o1ces. The H7~~c recen t ly stanaa;rct1zed, 1s e pected 
t-o be avallable 1n quantity t o t llea t e rs during tile !lrs t quarter or 9.45· 1 the 1? ls 
avallabile , the 1f9 rna~ be suostl t uted. 

V. INCEND iARY BOMB REQUIREMENTS FOR TARGETS 
$1. NATURE AND REL IABILITY OF ESTl MATES: 

<1. Ef'fe ct o.F poor E timate s. - 'ne considerations litVOlved n 1nc ndlar' 
me11: op.t1ma~es 1nclutle PFOblems Wli1Cll are eltller 1ntr.lnslcally ct1r l~uJ.t to so v 
rp~ulrP.-. 1hforrnat1 0Il not. eas11y obta1nable for enemy tar ets. verthe;tess , 1 

• 
1miJor-aHJe to cevelop ttJe most reliable estimates POos1ol , tor ( 1) 1nade uat use o 
111 vol v~ ~of a~ or partial allure .. or an aJ;.tack and (2 1 t ls wasteful Qr rnun1 t l ons , men an 
1u1pw r ~ o send out UI.nec~ssar!lY large Qtlail 1tl s . In tt e latter conn ctl on, rl 1 

of '"l ~ 1 r o,a operati ons trave l ed to the concl usl or that CJ.enslt es tJov eoo ton t>PT 1 r 
TT 11 01 "l ~elttra l port10J!S of German c l t l s (us 1n qual wel t('! ot HE d I I}) involved 

• Jr ~f. I e . PO r e LUirl) l t1 dan a~ C8l t ll.e ~ p Cted ! r om tlOJT\bS r OP 11! l C(l Of 

1 t or saturatle)IJ o tlie t ar et. Furt li€ rnlOl'P, · dd l t 1ona air raft c rr lr xc 
rtestro~ d wl t ! hO con1pen at1n dan a o t l et1 m. A po .. tole soure 

1 c- tl e addln~ up or s ena r t ~a fe ty f c tors t o tak ar or uch Lllr 
fer ('>f:P , Ud ('O, W at!r r., ffild $ 0 OU. rJ tiae otller h a1 d, too w a~ 1 atta k mal urr ut 

t r · r t, e re ter.ew t.1r br aks, vulu r tJ111 t~ to a r llow-uv tt k. 

1. J•if"f:lr.ulty of F'4.it.1mllt,tnv. - rn :V1ew or the d1t!1 Jltt 1nne r r t ln bO b ul -
t • lt !. r o t ~urpr1 11ur. u t 1dell' v ry11 ~ e t!m t probl 

~77t~~~~~~.:::1~r~;..:::.~~~~ r rt 1r tv n b low r 
Y~~~r1~~-~~~~Jl~!l~U~~~~~~~~~~~~ 
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REMARKS 

Iad~st~ial t~rget~ in which the percentace of floor are ~ulaerable to 
• fire ia rreater tbau 251 are considered to be rood pr.eeisioa inceadiary 

~argete. M-47'& have a wi~er range of initial incendi&rJ action tbaa do 
tbe H .. 50's, and tlie M-47, H-60 &od M-74 all haTe adequate penetratioa 
claaracteri t i cs for most industrial structures. The M-69 can only be 
used if the roof structures of an industrial plant are known to be YerJ 
liiht. Airnable c lusters are p rov i ded tor M-so•s, theM-74's, theM-69's. 
In ie08ra1 tbe Kl7AJ c luster ot M-50' s is tht:) preferred incendiary wea­
pon for use o n industr t a l t a rg e ts whe n f i re division size is small a:nd 
roof const ruction is known to be wood. 

if they are npt 
mu r ti-stor y hea vt1Y r ei nf orc ed conc r e te boi la ings ~sed as storage spate 
f or i ncombus t ib l e mate\i als . ~ b~ re w~rebou s P bu i ldings and contents are 
kn n vn t o be morlP r~tce t o} highly comb us tible, the M-5 0 , M-7(, a.nd possibly 
t he ~-69 Mi\f be u ~ert . Fi r e rPsiS}d. nt mul t i-~ t ory s tructures with moderate 
t o hig hl y comb us t iblP. con tP nt~ wil l bP vu 1 ne~a ble on the to p floor to 
ttie M--47. Imp r ovised ioce n di~ries suc h d.S o i l d rums, etc., can be osec1 
in som~ cases whe r e p~nP t ration i s not esse nt ic;t. l, but a wide distribution 
o f bu rn in~ oi l over c.o.mbu.stible materi.t l i ~ •f first 

Tbe use o f high propor tions o f ince ndiary bombs against oil refinery and syn­
tlie tlc oj l plan ts is not recoJTIT\e nded , bPcause th~ vitct.l areas of such plants 
a; r e invu l ne r able to L B. Heavy densi 'ties o f 5001 or 25 01 H.E. bombs are req uired 
t o take ou t t hP. vi tal p r ocesses. Suc h p r oce s ses in 011 refin~ries inclurle dis­
till a tion cr acki.dg un i t s , pumP,i ng s t a t ions, furnaces and power houses. In syn­
thet i c oil re 1 i ne r ies1 bi gb pressure hydrogen a tion s talls, compressors, injec­
t or s ~od c i r c u l at ors ~ pump ]ng Rt 4 tio ns aorl power houses are vital processes . 
The ~ rou nd .~r~a covPr(ld b y vi ta l p r oce sses is of tbe order of 5'£ of the groiad 
a r~a covPred o y l'lant. Certa in osPful, but not vital areas of oil refinertes 
a nd s ynthetic oi l plants. whi cti a l so cover a l ow p~rcentage of grouo~ area, are 
c ombus t i ble. The~e includ~ wa r e house buil~ings , s torage tan~s, and so on. They 
at~ tre ueotly ignited by~~~ a. t t he HE rlen s ity, ~1.uired to damage vital pro­
d uc ~i on processPs . Howe v er, the use o f 5% I B and 951 H~ has proved succe~s ful 
in i n ~ ur i ng · gn i t ioo of thesP comb us ti b l e parts. The I P. '~ dre hP-re a seconddry 
"e.A pon. 

and ga~oline 

and ignitioll 
b o01bs • 

Ja PdDPSP dom~ 3 tic t~rget consis ts of ldrgP arPu fire divisions bounded by 
air p,ar>'S lrwide .t.v~nue s , e tc. I Rornbs rN1y bP ],tiff in ~ ucb a .. ,a.ttero as to re-
ceivP maximum w-inrl benefi1; the M- 69 will s a ti s f ctoriJy penetrate, and the 
M-74 with its 1.1J 1-ways fuse, may be expPCterl to c use a large number of indi­
vutudl fires c~p~bl~ of mergin~. ~hen thP- roof c overage is low, (801 to 40') 
tbe b0mb Piit tP.rn shoulrl b~ rlens e . ~hAn roof cov~r t1ge is llbove !'01, the pat-ter• 
can tiP less r,!Pns~ and more 1bx tended. ISPe photog rr1 Phs of J p netH~ re target 
~lso r>attern d<1ta and plOt$ in Chn.'ptPr Vl. J The pffort bf:lre 1s tQ cau~p co­
ti.nuini fires consuming a.nd dama.ginR more ~red thu.t wnuJd be pr~ctic,blP to 
d~stroy by H. f1 borma which re·Luire more pffqrt t.nr't muoi tions . }n case tberP­
are "~veral la"rRe area fire liivisinn f! in th~ tar get, n -1-ttack f'bould be ~o 
planned of' to ioctP-L.iSe the probability of igoitinn one ther ~id of aiT' r.-.p 
barriers. f"Jr{4 reJ~ti~ta.nt bui~r:tiogs and cnntents lr)c .~oterl in areas ol )i•:gblJ cnm­
bustiblp r~~idP.Ptial ant1 cnrrmercui.l bui lr1 in~s Ct!n he s everely daf'l!iJftd bJ •­
po~ur~ t:<\ lfttPbf'f=i hPt.t rfPVI }OpPI1 in iJ.O t!TP,L ronfJ L~r1tipn. 
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6. Ge rma.n a rea 
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coast ruction, 
Ia t least 3101 
roof c.oYeraie t 

'1. 011 Slicks 

I. )iYo••c areas~ 
camp s to rate 
areas 

1. S•pplJ Damps 

INCENDIARY BOMBS 
RECOMMENDED 
\ 

(IJ MSOA2 - s 
(~ J M7' 

(It M4'1A2 with so­
dium bnr ter 
~cMt a> 

b. 

Ill M6 or 

(2, 47!2 

l 1 ) M7 4 
I 2, H&i 
cat M'7A2 

1 
REMARKS 

The H60A2-3, perhaps also the ~f-74, offers sufficient penetration .. Host 
German city area targetsar-e very well separate~ by parapetted fire walls 
into sm~l fire di~isions) and dense patterns are require~ to produce 
as manY. fires as possible in separate fire divisions. If roof coverage 
is Low, increase the density; 11 it is high, decrease the density and 
lengthen tbe pattern~ The M60XA3 bomb contains a lethal anti-pe'rsonnel 
charge, and in most cases, it the inffa.:mma.bility factor is at all 
present, will keep p~sonnel away sufficiently long to allow the bomb 
to start a good ftre,· }probably beyond bousebo~der•s control. 

The M4t7A2 witb sodium burster causes additional fires and insur~s that 
the oil slicks will ignite .. In some cases * oil drums containing in­
cendiary mi~ture can be dropped. !these contain M4 igniters and all-ways 
fuzes .. The contents are ignitad on impact and !ire spreads over the 
.surrounding ofl slick. DroppablP- gasol1ne tanks ope_rate in the same 

In tn<'st of the 

A~t ck should be a mit~d HE-IH load ol ppro~imately 60-40 ~atio. 
As much dam ee usually can be done by HE on supply dumps as by IB bot 
~be c b n c e r ma i ns t h t J n 11 mmab 1 e s tore s a r e pres e n t , i n w b i c h case 
tbe IB w 11 b e1f cti e. Tbe M74 a.nd M69 will cover more firle area 
nd t y y off r. the best can b,ility. The deterrent e:ffect of' }the ~ r 

1n tbe 74 1 to b con 1der d. Mhert? store '.lre n large group , the 
47A2 ~ b a large tire is t~rted immediate y. 
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soclll:a~gets, penetratioa is essential; steel boxears. etc. require 
it leaat t~e M60 to pen~~rate~ A de•se pattern of M60's throughout the 
area .-ttl in 'most eases be mor~ e:ftective than HR. For repair shops and 
at:ations, the M76, 500-lb. PT bomb is pt'eferable, as a large sudden fire -
is required. 

of such bombs immediate creation 
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tr j· lead to i mportan t r ev1 s lons . 1 ew t actics of incendi ary bott b etnplo~1l'Jent, as el t s 1m-
proved etnods of nalys l s , will affect the es t1rra teci quaPtlt i es . 

c . Concentr tion of Attack in Tin~ and ·pace. - Incendlary bombs 1n an attack must be 
concentrated ln time as well as 1n space, because of t ne sup orting effect of simultaneous 
fires and the difficul t y t o the enemy of f1ght1ng such rrres. 

d . Est!!nntes Based on Experience. - The estimates most closely d~r1ved from combat 
experience a re t hose r esulting from analyses or A~er1 can and Br1t1sh raids on German targets 
and German ralds on Br1t1sn t ar gets . 

§2. AREA TARGETS: 
R. Statement of the Problem. - Tne requ! rewent ln t e rms of f1res 1s tna t t here be at 

least one · ( re fer ably rrore) cont1nu1ng, uncon trolled f l r.e 1n eacn f1re-div1s 1on. 13y d e fini ­
tion of !1re-d1v1s 1on, tne spreading ef fect of ~he fire may carry it over ~he whole d1v1s1on. 
Tne question t nen becomes t ne fol l owing! How many bombs must be Qropped , by tac ti call y so nd 
methods, to acn 1ev e a r easonable assurance or an uncont r olled , conti nuing fi r e 1n eve r y 
d1vls 1on? .o 

b. OrganizAtion of aterial. - 'rhls chapter relates t o desi r abl e bo b dens1t 1es; the 
next cnap t er r e l a t es to tne densit i es whlcn have been exper1 entally ob ta i ned with st 1dar 
bombs and t ac t ically sound tormat 1ons. 

c. Methods of Es timating. - Density figures based on f1re- ra1s1ng propert ies of bobs 
vary sign1 f 1cantl y f rom target to target. Tney need to be estimated 1n each case by qual1f1ed 
t arget anal ys t s , who teke i nto consideration the Question or (1) 1noend1ar ef~1clenc or 
di f!eren t types of bombs, (2} the results or scatter bomb 1ng theory, (3) enerny f1r e de fenses, 
( 4) penetratlon pr operties, and (E) a r1re-d1v1s1on an~lysls of tle target. Anal s i s or an 
E1gnth Air Force group pa tte~or M47's dropped on a domestic t~~e of tar ge t 1n e rma . to 
october 1943 , snows that "the probability tbat an 1"1- 47 , str1k1ng a German domesti c t.r'Pe !1 
d1vls 1on, wl l l cause v1s 1ble f1re damage 1s between 0.38 and 0 . ~2, and that t he 'best est1 ,at 
on present evidence i s 0 . 46. Taking the weight or the M-40 as ?0 lb. and the mean ar e or 
tire d1v1s1on as 1/15 ac re , the corresponding 1ndex o! effectiveness ts 1. 0 acres per 1 n 
ton, compared w1 t h 7 . 4 acres per long ton ror the Br1 t1sh 4 lo . IE and t . 7 ac r es per l on liOn 

ror the Br1t1sh 30 l b . Mark III IB. " Estimates of dens l ty reqn1rements r or small clustere 
bombs have some times been based on lnatvldual cluster patterns. However, r ecen t dev l op ts 
1n formation pa tte Pn studl es avo1d tbe use of cluster patterns. Since t le tactl a1 11 in 
most bombing l s a ronnatlon or planes . the real i stic rl ures to emproy ar e those rel tl1. 

to ronnatlon patterns , at1d future est i mates ror targets slloul a be roade accordl . • Fur 
tests are desirable to accumulat e more da t a alon tlle l l nes or the r.es ul ts to e row.l 
the next chapte r~ 

rl. G rm n t.tacks on York and Exeter. - 1n t he matt e r or 1ncend1 ry at eetlv n t 
d1f!erent types of bo bs, 1nfonnatlon can be ob t a ined fro opeta tlon 1 s tud1es. or 
consider the result s or Br1 t l sn analyses or r a i ds by t he Ge ans on York n Ex ter. 
1ng ~nail . agnes lum bombs . At yo rlr, 11i;'J' nd a t E e t e r , 2f or t ile bOmb s st.rlk1n bul 
!alled to caus e flres because or c or penetrat1on, rnal func t1onlng, or burnln out unat-
tended ~ Tn~ re a1n1ng 89 at yorY. ~nd 7f at Exeter, or the bombs th t scor ntt • 
poten tlal ! 1re-ra1sers. on tne .. ba .. l s or tot 1 bo t> s dropped ( tsses as wel n1t , the 
! 1gures !or flre- starttng bombs become 36% ror Yor~ and 2F' for xet r . In tne ro 
31 bu i ldings er ton or IS's r e leased were p rtly or compl tely de tnoy d. Tbe tl 
Exet er was 42 bu11d1ngs per ton . E t!~ctlveness of a we ron ln t an r t r et 

" ' 
J'T'easured by the wei ght or bomb s requt :red to cause a st ted level or d m e. 

P.. Attacks on British and German 
rrow P.r1t1 sn analyses or Ger man ra1ds 
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estimates or required bomb dens1t1es have ranged rrom 6 to 26 tons or M69's per square mile. 
For somewhat less ln!lammable areas, the range ls rrom 10 to 42. MOre recent calculations 
also ex1st, but 1t 1s not the purpose of this report to decide on precise t1gures tor par­
ticular targets. Tne !1gures quoted are merely suggestive or the general order or magnitude 
or the quant1t1es involved, the nature or the rea~on1ng used ln the estimates, and the 
d1screpan1es between estimates rrom different sources. 

§3. PO I NT TARGETS: 
Thls designation w 11 be taken to s1gnlry targets or areas so small, say 100 x 1~ 

yards, that a typical cluster pattern could incl ude the entire target in 1ts 1nter1or, rather 
than be included in the target area. The line of demarcation between area targets and point 
targets is somewhat ar.b1trary, but a genuine distinction ln method or attack 1s involved. The 
dlstlnctlon is between those targets which are best attacked by scatter bombing over an area, 
and those ror which precision bombing 1s more appropriat e. Actually, once the required number 
or hits on the target ·is decided ror a

0
des1red probabili t y or destruction, the quantity re­

quirement problem can be put 1n the !oll<:Mlng form: Tak1rig e~ected a1m1ng errors and pattern 
· properties into account, what plane l oads, what rormatfons, and what lntervalome~er settings 

are required to give a reasonably hi gh assurance Df the desired number or h1ts? 

§4. PROBABJL:ITY ANALYSES: 
Prooab111ty analyses or train bomb.1ng have been carried out, tables prepared, and cir­

cular slide rules developed by the National Detense Research Committee t o atd 1n the ~olution 
or such problems. Also, the relatively d1!!1cult problem ar probab111t1es ln scatter bombing 
over an area has been t reat ed and the results put on a slide rule tram which sucb things as 
the number or bombs per ~t area, {!or example, ~er !: lre- d1v1s 1on) can be estimated to 
achieve a pre-assi gned degree of assurance that all uni t areas wi l l r eceive at least one hlt. 
Under scatter bornb ln~ metl1odst one attempts to place a patter n on a ~1ven a r ea, ! nd1v1dual 
bombs having chance di spersions. Approx1mate unlrorrnt ty or dlstrl buti on 1s assumed {compare 
results ln the next chap~~~hat the pr ooab111ty or blts on t he various parts or the 
target depends only on thelt r.espectlve areas. ·1r t he degrees or vulnerabll1ty or d1t!erent 
areas or the target are roughly known, an est imate can be formed or t ne probable destruction 
ror a given 1ntens1t~ or attac~ 

§s. SUMMARY 
Preliminary numerical estimates or requirements t;or var1ous categories or targets are 

not always very reliable, but thel serve two purposes: (1) They give the best available 1dea 
o~ t;he probable requirements In advance or operational procedures. (2) They: serve to 1llustrate 
methods applicable to SDec1!1c targets ln the 11ght or later, more detailed Inrormatlon. 
Gross over-estimates lncrease greatly the cost o! attack without paying dtv1dends in added 
damage to the enemy. Estimates or relative err1c1enc1es or a1tterent bombs on a 1tven target 
take · 1ntq account tlre-rals!ng probab111t1es, tbe enemY'S tlre-derense ab111ty. probabllltles 
or h1ts on vulnerable areas, probab111t1es of penetrating. or tunct1on1ng. and or trans.ttttna -continuing tlres. These. along wlth t1re-dlv1s1on ana[ys1s, aresubjects tor exPert constdera~ 
t1on relative to each 1ncend1ary target. operatlonal analyses ot American. Br1t1ah, and n11r 
ralds throw llght on the estimates tor stm1lar targets wlth stmllar mun1 lana. Pattern 
propert1es and probab111ty cons1derat1ons are essential to cpmplete the .n.I,.ta tor elt r 

\ 

area targets or •po1nt• targets. ' 
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table. It can be loaded w1 th one bomb at each 1oo-1o. station, but more ef!lc.1e~t -spec i al 
lOading methods exist, employing cable-si1ngs to fasten as many as tour M47 ' S at a single 
500-lb. station. It 1s not possible, · however, to put a group or rou~ M47'S at every 50o-lb. 
station. The tollowlng loadings are among those whlch have been achleved without badballlstlc 

I 

effects. (See M47 loadln~ d i agrams ) . .. 
b. Special Loadings of M47's (See charts on Pages 44, 45· 
Loadlngs of the B-17F wlth 
(1) e soo-Ib. HE•s plus 20 M47'S (5,40~lb.) 
(2) 42 M47 1 S (Total we1gpt. 2,940 lb.) 
(3) 10 500-lb. HE•s plus 10- M47 'S (5,700-lb. ) 
Loadings or the B-24 wlth 
(1) 52 M47' S (3, A40 l b. ) 
(2) 8 600-lb. HE ' S plus 19 M47 1 S (5,330-lb. ) 
(3) 4 1,000-l b. HE•s plus 19 M47 •s (5,330- lb. ) 

I 

These loadings illustrate the great 1~ 1n IB- cavrylng capacity when HE•s are combined w1th 
lncendlarles, Only !or SDecla~ targets and conditions discussed el sewhere 1n this report, 
would the HE•s have an e!!ect t o justifY. such s acr1t1ce or I B' S on a primarily 1ncend1ary 
mlss!on. 

c . The Plane LOad!~ Tabl e . - The following chart. 1s oasetl on numbers ot 10o-1o. and 
soo- lo. stations on the dl!!erent types or planes as given 1n "Armament and Bomb Installa­
tions", Ar my Alr Forces A1rcrart Monthly Chant, 1 ·~ 1944; i ssued at Wright Field, Dayton, 
Oh1 a. In t his t able. *N" s·tands tor 11norroal" and "M" tor "ma.xlmum 11 • The d1st1nctlon depends 
on wnet hen such t hings as length of the mls$10n or strength o~ enemy tight er defenses makes 
1t advisabl e to ~arr.y all~r load, to carny; ·supplementary ruel, , ~r· t o carry added de!ens1ve 
munitions. 
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B-l7F LOADING 
M-47 INCENDIARY BOMBS 

SCALE 
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Numbers inside bombs show the order of release 
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M-47 ~DmiARY OOIIBS 
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(1) (2) (3) (4) 

- BOMlti IN 100 lb. CIJ TERS 

ioo lb. 500 lb. M 74 
PLl.NES or 

II ~0 M 6U 

N M N M N ·~ N ll 

1-1'01 10 20 I I 140 880 140 180 

!-JOB 10 14 1 I StO 4'16 140 196 

A-IOC 1,6,10 
0 4 I • 0 136 0 66 

A-IOG1,6.10, 

16 

1-IOGIO • "P 

A-10 H-J 0 8 J 8 0 172 0 111 

l-141 I 2 1 1 68 68 28 18 

A -24 B1, 6 I 2 1 s . 68 68 28 28 

1-26, 11, f\10 2 2 2 I 68 68 28 18 

A-~115,10 
2 t 2 4 68 rw 28 56 

!6, 30 

A - 26 Bl 0 0 0 10 0 680 0 28 0 

A -28A A -29 8 s 0 . 0 '12 272 112 
' 

112 
!-19! 
A-SO A-80! 

I 
0 4 ' 0 0 0 0 

A-31 0 0 2 2 0 0 0 0 

1-StC 0 0 z ' 
' 0 0 0 0 

1- 6, &, B, 0 2 4 0 8 0 28 

,_., ' 0 0 2 2 0 0 0 0 

(5) (6) 

BOMBS IN 500 lb. 

• ~utek Opening 

M 50 M 74 or~ 6~ 

N ~ N M 

2 66 256 120 120 

118 38 4 60 180 

266 612 120 240 • 
-

266 1024 120 480 

128 
... 

118 60 60 

128 384 60 18 0 

266 1156 120 120 

2 56 512 110 2 0 

0 1280 0 00 

0 0 0 0 

612 1512 40 40 

66 36 120 1 0 

266 61! 120 240 

266 51 120 40 

56 256 120 l 0 

i 

(7) (8) 

CLUSTERS 

Ai"'able 

M 5(J &174 or M 69 

N l! N ~ 

220 220 76 76 

110 830 38 114 
I 

220 440 76 1 62 
\· 

!20 880 16 804 

110 110 S8 SB 

110 330 s 114 

220 220 76 76 

2 0 440 76 152 

. 
0 11 0 0 s 0 

0 0 0 0 

440 440 15 152 

220 220 '16 '16 
• 

0 .t40 76 15 

440 v 15 

2 0 0 76 76 
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(1) (2) (3) (4) (5) (6 ) (7 ) (8) . 
no I . 00 JJJ. CUJ 1l!.RS BOMBS I 500 LB. CLUSTER ----

v ~~ - I 

PIA ES 100 lb. 500 ] b. M 7 Q u 1 c k - 0 pe .n 1 n g Al mable 
o r 

M 50 M 69 M 60 M 74 or M 6 9 M .50 t.a 74 or M 00 
t~ N M 'N M "11 ·-~ I~ _ .... 

N M N M N 'N "' ... • I~ 

-
E 23; B- 26; 

. B- 2 5A, B, C, D 12 12 4 6 408 408 J68 16~ 512 76R 240 60 440 660 152 22 

B- 26, C1 25, . . 
Dl - 30; 1- - , ... - 1- - -....- 1- - . • ico 

.1< 

Gl, S,J 0 12 20 4 6 • 408 680 168 280 512 768 24 0 360 440 660 162 22 

H J - 1 0, .. 
Jl - 30 

. 

B B- 26, n 
B- 26A, Al 20 30 • 8 680 1020 280 (20 612 10 24 240 4RO 440 80 162 :30 4 0 

~ B- 26 B,B2- 20 
z 
-n 

6 -:B-26B25, 55 20 20 4 6 680 680 280 280 512 76R 240 860 440 660 1 5"2 22 0 

~ B- 34 . 0 6 0 6 0 204 0 84 0 76R 0 360 0 660 0 22 m . .3 <:; 

~ ~ ~--~ ., u f ' U ·u :; \J ~.,0 
.n.o , .. 1\ n f l n n n n 
or~ v v v -

~ 
. ~ B- 17B,C,O, E 20 20 4 8 680 &80 280 280 512 102 4 240 48 0 440 t) 152 80 4 
• r-

p 17 FG ta 11 

models) 20 24 4 12 680 A16 280 336 51:2 1536 240 720 440 1320 152 456 
• . ,. 

B- 24 Ia ll .\ 

models) 20 20 4 12 ,, 680 680 280 I • 28 () 512 1536 240 720 .u o 1323 162 466 . . I' 

p 29-1, 5 I ·· 

JB-29 
0 80 4 40 0 2720 0 1120 612 6120 2-lO 2400 440 4400 162 1520 

. 
B-1 9-1 0, 15,26 

B- 82 0 0 4 40 0 l) 0 0 fi12 5120 240 2400 '40 440U 1 52 1620 

YB- S6, B36 0 0 20 8 0 ' 0 0 0 0 2560 10240 - 120U 00 220 00 76 0 30 40 

11.. -
AT-6B, C, D 0 4 0 0 0 186 0 56 0 0 u 0 0 0 0 0 

.. ~ . 

: ~ 
AT 1 1, 0 10 0 0 0 ~•o (l 140 ,., 0 0 0 0 0 0 0 0 
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(1) (2) (3) .. BOMII) IN 100 lb. Q) 

100 lb. 000 lb. 
PLANES 

50 

N M N M N N 

P-38 ( a 11 
0 2 0 2 0 68 0 • 

modelsJ 

P-39 (a 11 0 ~ 1 0 1 0 34 0 
mode Is J 

P-400, P-40El: 0 1 0 1 0 34 0 

P-408, Pl-F20 
G, 'l-16 s 0 1 102 0 0 0 n ' 
Ll-20, 

0 Ml-10, 1 z , 
P-40-NS-SO 0 3 0 3 , 0 102 0 -0 

m P- 51 (a 11 0 2 0 2 0 68 0 % models J .... -~ P-63 ( 11 
0 1 0 1 0 34 0 r- mod J} ,----

P-'1 OB2 0 ( 0 • 0 136 0 

P-7 5A 1 0 2 0 2 0 6 0 
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CUJSTERS BO BS I 500 

74 Quick-Opening 
or 

M 69 
... 

M 50 M 74 or 

M ,N M N 

28 0 2 66 0 

1 • l) 128 0 

14 0 128 0 

0 
I ' 

42 (\ 128 0 

42 0 38 4 0 

28 0 2 5fi 0 

1 4 0 12 0 

56 0 512 

2 0 256 0 

_ h 

• - • 

lb. 

69 

_!! 

12\l 

60 

60 

60 

1 0 

120 

60 

2 0 

120 

(7) (8) 

CLUST~RS 

Aimable 

M ,5() M 74 or \169 

N _M 'N M 

0 220 0 76 

0 110 0 s 

0 lltl 0 3 

0 110 0 3 

0 330 0 11 

0 220 (J 76 

. 

0 110 0 s 

0 4 0 0 152 

0 220 0 76 
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V 1. PAJTERNS IN RELATION TO TACTICAL FOR~1ATIONS 

§ 1. I H T RO DU CT I ON: 

a . I mportance o f t·8tterns. - The 1mpact patterns t'hat can be e x:pe cted t rom var1ous 
tact ical formations ar e or dlrect importance as a mi ssi on pl anning fac tor tor 1ncentl1ary 
targe t s . Wlth a surr1c1ent kilowl edge or the type or pat.te rn t liat can be expected !r-om the 
formation flown, the area or coverage and bomb density can be r a ther accurately evaluated 
be!ore the mission. Thts, then , will exe r clse a dec1d1ng i nfluence on the number or alrcrart 
necessary to cover t he target. Analysis or tne t arget , as discussed 1n Chap ters I I , IV and V, 
wlll indicate the ·bomb density required for success tul incend i ary act ion. 

b . Source of Available Data f o r Formatio ns. - Patterns bave- no t been e.xpe r1mentally 
studied tor all types or r ormations and bombs. However, patterns ror a n i ne- pl ane combat 
box (stagger) rormat!on us ing 4- l b. incend iaries 1n both qu1 ck-o~en ing and a lmabl e clus ters 
have been devel op ed ln a seri es or t ests a t Avoft Par k BOmbing Range, Avon Par k, Fl or ida, 
under Army A1r Forces Board ?roject No. (M- 5) 198, title . "Devel opment or Incend i a ry Bomb 
Pa tterns, 4-lb., 1n Combat Format ions~. 

c . le ed r o r TestJng. - Thes-e tests d l scl o:ed the 1mpract1 cab111 ty or usin g single 
..... 

cluster patterns r el e as ed rrom 1nd1V1dual a 1rcra!t, s i nce the pa ttern developed by the 
tactical formation was not 1n accord w1 tn tn:e pl acing or several s i ngle clu.ster patter ns 
together over an area to r epresent addi tional aircraft . ~act lcal rormatlon pa tterns were 
developed ! or rele as e s of single c lus t er s per plane , releases o r t rains or clusters , and 
~vo r el eases. For pl anni ng pur pose s , l t 1s desirable to base the area and d~n s!tY or tne 
t:arget requi remen t on the tested pattei"fl or the tactical formatlon. 

§2. ESSENTIAL PATT~RN GHARACTERISTICS: 
An 1ncend1ary impac t pattern may be eval uated 1n terms or: 
a. Effec t ive p a tte rn Area. - The e!!ect1ve area repr-esents the co re , or area ot 

greatest dens1ty, tne t otal area being t he en t tre pattern. Inc l osi ng rec t angles are used. 
Tnose bombs out s ide or the errectlve ar ea become or considerabl e 1 portance when sever al 
tac~lcal ronnat1ons are bombing simultaneous ly, rn such~ case t he bombs to the lett or t he 
errectlve area !rom one rormat 1on and t he combs to the r l .tor the e!!ect1ve area rrom he 
next ad:'j o1n 1ng r orma t .ton may merge toge t ner., r orm 1ng a comb lne d pattern o! al ost un 1Io 
dens1 ty. 

b . Uniformity of Distribution. - var1atlons 1n aensl t y ·tthtn tne errec t!ve patter n 
area, wh1cn occu~ to a 11rn1ted extent , c an be compensated by uslni bombs 1n such numbers 
tnat even ~he less dense port ions or t he ar ea wlll g1ve an adequat e n1mber or 1ts p r 
f1re-d1v1s1on. 

c . PrecJsion Characteristics. - The center or the e!rective pattern rectan 
usea in !1gur1rtg errors rela tive to t he a lml ng oi nt. Other- de f 1n1t1ons o! 
·are permlss lble and may present certain advantages. I f tfie me thod <l ! "drO pln m tl1 le de:r-• 
1s followed, tHen t he a1m1ng error or the leader's bombs can be compared r1th thos ot the -entlre Pattern. SOI:le r>rogress· w s made ... long th1s -11ne at t he Avon ParR exver1rnents, ut 
d 1 rr 1cul t1es ln lden tl !ylng the leader • s bombs make fUrther Invest! t 1ons des1 r bl • On 
po1n t t arget , a1m1ng errors t lgured relative to the pattern ca1ter a l ss important than 
tne quest lon whether the e rrect1ve pattern area blank~ts a region 1nclutllng tn arget. 

d. Dens ities of Bombs 1n t h Effective 1 Atte r n rea ... - ~he top. c ot ctens1t1es 1 so 

impor t an t tat Cnap ter VII l s devoted to the sub ect. Tlle 1. rrtp'Ort ce l s due t o the b s1 
natur e or t he q les t1 ons or t he bomb d.ens 1t 1es re:qulred ror 1v n t r e t ana or t he t ype 
or pa ttern bomblng rnetmcts whereby thes e <lens1t1e can b obt lned. 

§3. CLUSTER PATTERNS, TRAIN PATTERNS, H~7 PATTERNS! 
a. Cluster Pattern properties. - Patterns tnom 1nd1V1dUal cluster s of M60 bombs b&Ye 

reu ave 1 about 100 yards across track bf ~oo l&rO~ along track. Tbel baYe bttn towld, 
&di&WlOd ·Arsenal tests. to have pnerally a J:Sense core contalnlns abOUt halt tbt bWtba, 

ar&a., con ta1n1na about 101 ot the bCJ11bs, antt an lrreaul t D 

0 I Tl 
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taln1ng about 30% or the bombs. All cluster patterns are a1mable with satisfactory precision, 
save where excess1ve wind effects are Present 1n surr1c1ent strength to spoil the a1mab111ty 
0 r qu1 ck-openlng clusters. • 

b. Sample Pattern. - A sample pattern, obtained dur.1ng the tests or M18 clusters .. 
cited ln Chapter 5 (AAF Board Project No. (M-E) 140) ls reprodUced on the rollow1hg page. 

c. 1 reel ion properties of ·clustel"s. - Dl!ferent defln1t1ons have been used or sug--. 
gested for cluster pattern centers. These Include the mean point or impact, the center or a 
"50% rectangle" (contafnlng the "central 50%" or the bombs), the cente r or a "70% rectangle", 
the point de term1ned by the coordinates or the "middle bomb" 1n . range and the nm1ddle bomb" 
1n deflection, and the center or a c1rcle or preassigned rad1us, roughly so placed as to 
1nclude as many bombs as possiBle. Despite the desirability or gener.ally accepted, stand­
ard1zed de!1n1t1ons, it will be necessar-y 1n this review to quote results in terms or the 
various def1n1 t1ons used 1n other reports. In reports rrom Edgewood Arsenal, 11aryland, 25 
drops or the M1:7 cluster resulted in cen'ters or impact at 16 cl:usters being wt thin tOO yards 
ot the target and only three at distances ex edlng 200 yards. Clusters wer.e released from 
an average altitude or 10,000 reet and opened, on the average, at 2,000 feet. {Later tests 
have revealed 5,000 reet as the optimum cluster-burst altitude.) Satisfactory prec1s1on r,e­
sults have also been obtatned Nith quick-opening clusters of MBO's and 1169's from low to 
medium al tl tudes and w1 thout 1nt:errer1ng VJ1nds. .. ~ 

d, Train Patterns. - Train patterns o! clusters average· about tOO yards in width. In 
length, they can be varled from r1v.e or s1x hundred yards to several miles under practice 
condltlons without spreading the bombs too tblnly tor highly combustible targets. However, 
1n combat, bomolng rrnis long enougn to produca trains more than a ro1Ie or a mile and a half . . 

~ ln length g1ve tne enemy t1me t~h1eve accuracy with his ant1-a1rcr?f t fire. rn train 
patterns, tnere rs an erreat1ve core, w1 tn a small tr1nge along the sides and a few stray 
bombs at eit.her end . Jn order to place tne center ot the train approximately on a given 
a1rn1ng point, the bornbarater has the problem or allowing ron nair the train length 1n h1s 
a1m1ng. Sometimes, depending on target cond~tlons, an a1m1ng point may be establ1sned ror , 
the 1ntt1al cluster or the tratn. 

e. M47 For.mation Patterns. - Gnoups Of planes dropping M47•s Obtained nhe fOllowing 
results. based on seven plots: 

Average Values 

Alt1 tude 24,.000 ft. 
No. planes per group 20 
t.o. bombs per plane 37 
o. boml>s per g~OUD :pattern '740 

NO· 1aent1!1ed at burst 167 
Width ot :patter,n 590 yds. 
Length ot pattern 1, 130 Yds. 
Area or pattern t370,000 sq. ~ds. (somewhat over t/Fi sq. ml. > 

D1sta.nce bet ~een bombs, (assuming 
un1tonn dlstr1but1on) 54 yds. 

Th1s 1llustratea that such patter-ns ~an be tlroppeo so t1ellsely that the scat ter1ng o !' tlllln 
rrom the bombs or1dges the gap between them.~ Note also that the d1s t.ance between bombs eor-

~ 

r sponds favorably w1tn some of the estlmated required d1stances between appliance flres as 
listed 1n the preceding c;oapter:e 

I ___ _. 
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QUICK·OPEMIIIQ M 8 CLUSTERS 0 F M 6 .. BOMBS 

NO. OF NO. OF lLTI - GROUND TO TAL PATTE RN EP'F!CTI VX Pl'l'- !A,IIIIINO iRROR8 (lDS) COVERI NG OF 
CLU8TIUl8 8011188 TUDE SPEED RECT lN OLI TEIUl RI!:CT '" OLI DEF1.£C-! C I All u- AIM I NG REWARlS 
D&OPPBD DROPPED (REt) (MI / RR) w (TDS) L w ( T DS) L RANOE TION LAR CIRCLE 

• ITI 1, 010 110 uo (10 400 100 -u -100 100 Eff~Ct1 Y 4! 01e pl aa~ t aaled to releafte 

u uo J, •• 110 600 SfO 110 100 +SO -to 101 " Oae pl aa e releas e d t clc t e rs . 

100 100 If f~ct lTe a rea iatpa r t dae 

to f&p HI torma taoa. 

• ••• 7 , •• ltl ITt 1, 140 uo ... +lit +UO 1'7 0 • 

I 101 11 .... 10. no 810 110 0 ISO +70 +tO 114 • 

Oae plaa r•leaaed j at o1e 

n ltl 1, 110 ltJ 110 HO 110 uo -uo -60 ua OOTaT'ed clast r . ltlectiTe &T' e a 11 t 

100 ItO (at cora• r p a rte 4ae to ~ ap is to t'lfta ttoa. 

of ettec- Mlai~am lateT'Talometer epacu r . ti Ye ar•aJ 110ft. I 

Uhct iYe 
Ole plue rele ased II cha ten. 

1t ... I ,UO •• uo 610 400 uo +& 0 • Maa amum p acta£. 

( I'TI 4. 610 ttl 500 r 'Til 400 600 -60 tlOO 11! • 01e pl aa• f a a led to rel a e e 

11 IU '· Ill lU uo 1, 010 100 seo -110 +51 Ul • Mi1im1as ap act i 

17 ,,. 
'. 100 Ut 410 l, 000 ItO uo -•o +60 f4 • O•• pl ~~ ~ nlea ed J•st o a e 

clwa t e r. Mhi Q. ftl spac: 18 r-
18 IU 10, , .. Il l H O 1. Jto 410 no - u 0 .u • Hiu u epaci I· 

c:lasc ns aot r e l aaed. J 
lfl •• 14 . T, 410 uo Itt o~.r uo 1, 100 .. 161 - Jl& uo • TerJ d ~•e core i a tt c: t h e 

Ce atiaated oae mth IUOI 11, 100 ~ <"rea. h ter•alo. 1 r & t' t t oT' 
. &00 t t • 

• 1,110 ' · (00 U D U t 1. u • 0 610 +II +)10 lU • tchi II p a c.la r 

lU '· 61 a. a o n 41 I, I U • • 00 +lt +lot 
c:hs t rs aot r e leo aeed. Mia. 

HI • 
•P• c:hr 

...:;:_ 

J.••n·c• &t hc rrora u " 111 

Tuiar poalth aad ••r•u~. a i c• Ia to accoaa t ci ,. •• u &Y era • r aae• .,.ror or •boa t l l 7 UCI ·= &I &~llr'& lfl d e r1 C!\101 err • t al)Oa t 
U.l rarcSa. Thee an al l noac~ ao t ~at e o •ra t a tlt •rror ia lt d lc:a t e d. Pa tten pl la :tor tb~ $til, ttl, lGtl a 41 " ' '~ • 'r.a • h 
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CON Fl DENTIAL 
§4. COMPARISON OF AINABLE AND QUICK-OPENING ClUSTERS. 

For general purposes, almable clusters, rather than qulck-open1ng, are being supplied 
to the theatres. The qulck-openlng clusters, for reasons brought out in the following dis­
cussion or fleld tests, are useful only by restr1c~ed formations in area bombing where eitbe 
(1) accuracy can be obtained by low-level flying or (2) acc~racy 1s not an important factor 
ln the attac~ The usefulness of qu1ck-openlng clusters, which present larger plane-loading 
posslb111t1es, ls recognized UQder these special conditions and such clusters are being sup­
plied ln limited quantities. 

§5 . FORMATION CLUSTER PATTERNS (RESULTS OF TESTS): 
a . The Test Procedure.- The !ollowlng, brletly, was the procedure at the Avon Park 

tests , referred to at the beginning or Chapter VI. A target area was la1d out consisting of a 
square, one mtle on a side, grldded at 100 yards intervals. An aiming circle was used 2 
yards 1n radius and having a bullseye 1n the center. The combat box formation, illustrated on 
Page S3, was used 1n all save one run over t target, when a javelin d~ formation was used 
for comparison. The formations were flown wltil J 1nstead of 18 planes, the lower ele~ents of 
each group or s!x being omitted because or (1) a.va1lab111ty considerations, {2) hazard rrom 
bombs and cluster parts ln the quick-opening clusters, and (3) the ab111ty to determine the 
pattern area of the 18-Plane formation by use or 9 planes since the lower elements do not 
affect vattern size but require only a doubling or the dens ity computat ion. Percentage re­
covery or bombs ranged rrom about 50% to over 90%· To assure that the bombs not recovered 
(due to the nature or the terrain} were dlstr1buted approximately llke those actually J>lotted, 
spotters were located along the sloes or tlle target area, at sare ctlstances, and were able to 

f specify, wltn good results, the lpetttlon or the total pattern. Th!& total area was then un1-
ror~y covered by locaters, plotters, and a clean-up crew. A tabulator survey or the results 
ts OIJ. pa6es 54 and 60, ~xceDt !n so are 'lS dens.lty uestlons, to be discussed lr Ct.apter vii, 
ar 1I vol ved. 

b. Table for Qu1ck-Opentng Cluster.- The patterns ror qu1ck-open1ng clusters were 
developed through the use or MB clusters or 1154 bombs. Since functioning chArac erlst1cs are 
not relevant to vattern developments, the M54, being non-strutdard ru1a avallable, was the best 
munltlon to employ ln detennlnlng !ormation pattern properties. The MS4 has the same weight 
and about the same terminal velocity as the HSO· Furthermore, both bombs are clustered ln the 
same way, 34 bombs to a tOO-lb. cluster. The conclusions based on the tests can thet rare be 
reliably applied to the standard Me clusters or MSO bonlbs. All the rollow1ng material should 
be read w1 th tll1s in mind. 

In the tables , a1m1n errors are measured trom the a1m1ng point to the center or the 
errectlve pattern. Range errors are taken as pos1t1ve lt the pattern center ralls b yond th 
a1m1ng point and ne atlve 1r lt ralls short. De!lectlon errors are taken as pos1t1ve to th 
right nd negative to the lett. 

6• FACTORS DETERMINING PATIERNS: 
a. List "Of Factor .- Pending rurth r eXPerimental work. the tent to whlcll the bove 

results can be carried over to other sltuat1ons merits attention. Patt rn cllaracter1st1cs de­
P nd chletly on (1) the type or rormat1on rlown, (2) tll st> c1ng or the planes ln the rorma.­
tton, (3) the types or bombs and clusters, (4 the total lo d, {6) altitudes or r 1 a e • ( 
ground peed, (7) wind, (B) 1ntervalam ter sp cin , (G) m thoel or coordlna.t1ng th rel e • 
The dependence op 1nterv lomet r spacing arrords the most s1gn1tlcant way or man1pul tln 
pattern dens1tles and ler ths s discussed 1r the next ch pt r. 

b. Ett'ects or For1Nltiona.- Th mo t en r llY u1t bl fonnatlon ror 1ncend1 ry b 
lng ar tho e 1n wh1cl the parall 1 tr cks rof tll s Darat plane r un l rormly P d, so 
that there wlll not be a doubl overlng or er'ta.ln parts or tt e P tt rn and ln 1 ov r 
1n1 of other parts. rr plane are r ul rly paced and not sprea<l too tar apart lat r l~y, 
theu the pattern w111 t ave good un1 ronn1ty. ln th Avon Park te t • a later l dlstanc vr- ~ 
rt. (tuaelage to ruselage) 1n a drop rrom ,0 ft. w s noticeable as causing a thin riP In 
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AIM BLE Ml7 CLUSTERS OF MSO BOMBS 

1NO. OF APPROXIII&'IE EFFECTIVE AIMING ERRORS (IDS) 
NO. PI" BOMBS !LTI- A1Jt I'l'tJDE OROUKD TOI'.&L PATl'ERN PATTERN COVERING 

CLll81 • DROP-
TtDlE OF CUJSTER SPBI5D RECTAHOIB 

~TANGlE • ~~- ClR- OF AIKINO REliAR S 
DR\r jiW {hBT) 011/RR) W (YDS) L RAN GE TION CUIAR CIRCLE 

FED Bli\S! W (YDS) L 

• i80 16,000 1,000 ! !4 410 100 160 aoo - &0 -26 61 Bttecti e 

I 

18 1880 18,000 6, 000 !IJ 680 860 460 400 -200 -1'16 266 Bf t ectiTe Hi nimum i n t e r.va lonE ter 
(on edge) spacing (1 0 1 t. , 

One clus t e r not r e -
61 1880 • 18, 000 

' 

6,000 22'1 6150 800 400 400 0 -100 100 IU!ect iTe leased. Mi ni mum 
spac1ng .. 

i 0 11,100 6,000 !14 6'10 110 r;oo o 300 +&o -160 168 Kf fectiTe 
' 

8 8 0 11.400 6,000 !16 800 680 800 400 +100 +iOO 224 KffectiTe 
I 

'1 77 ! 16, 800 &,000 !!0 610 610 126 100 -60 -uo 158 EffectiTe 2 clusters not re-
I< 

(oJl edte) leased. 

i ' 0 11,000 10,000 118 180 680 100 450 -76 -60 80 BffectiTe 

I 110 11, 000 6, 000 21! coo TOO 600 460 - 126 +tOO 110 Ef fect iTe 
- . 

lT•ra e aiminr errs 81 120 163 -7 

T~ klng posit i ve and ne ga t iv e signs into account g lves an average range error o r about -44 and an ave rage 

di tl ec t lon error or -4 5 . These a r e small enou l1 s o t hat n o s ystemat1c error ls l nd l cated . The c onsistent 

cc ve r1 n o r the a1m1ng clrc l e W1 t b the errectlve pattern , tor both almable and qu1 ck- op en l 1.-g d r ops , ls a 

hj ghl y satl stactory prec1 s 1on pr ope r ty. Tl e patterns from almable cluste r s a r e s1gn1f l cantly slorter and 

m< re compa ct t han those !rom the qu 1c k- open 1ng. Thelr greater w1dth 1s nrobabl"y assoc i a ted wlthtlle hlgh r 

aJ t1tudes at wb 1cb the formati ons tl ew. Pattern plots ro r the lS t , 3 r d , and 7t h en trles l n t hls table are 

or the next pages . 
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(1 ) (~ ) (3 ) ( ) (5) {6) (7 ) (8) 

HrtMBS IS tdO Ul. u sn·•~ BONB ' I N 5 UU I Jr." C ll Tf. H~ 
..... 

PH\ ES l VO 1 b . ,.., u I , . !d 7 4 I.J u t c k - 0 pe n 1 n p; A l -mable 
o r -r 

M 5U M 6U M 50 \.174 or M6H \f !)(J '4 74 or M 00 

~ y N 'd s w s M s M M s . 
.... I· 

l. I) H 25, . - ' 

• :B 2 SA ... B. C,p 12 12. A 6 40 4 I) 16R 168 512 7 6 ~ 240 36 0 4-40 660 I f\2 22 -
1-

H 2~. C) 2~. 
1- 1-

Dl 30; ... I !· 

Gl' S,J I 12 2«J .. 6 4lJ8 tl I} lli 6 280 512 76 240 36 0 440 6 0 1 2 22 

Hl ) 0, 

.Jl 30 -

B 
p 26, n 
E 26A, AI 20 30 4 680 lOiW 280 420 512 } 112 4 24 I 4 0 -440 0 152 3 '4 0 

~ B 26 B, B2 20 
z 
-n 

6 -B 2682fi, !l!l 20 20 ~ 6 fJRtJ 6 8 0 2HU 'l>lll 51 2 7 6~ 240 36 .. 40 660 Hi:! 9 \\ 0 --
"! B- 34 • 0 6 0 6 {J 2il .. !· u - .JiL n '7h ~ 0 360 0 fi6 0 u 228 m 

~ 
.- .,_ 

... -1 F 37 0 7 0 0 0 ~3!o< 0 9 0 ll 0 0 0 0 0 0 

~ -~ 
,.. 

p, l7F, C, D,E 20 20 4 ~ 6K O 6H O 280 2H U 512 1 02 4 240 4 0 440 1 52 4 ,... r-
J J 7 FG Ia ll 

mooe}.g l 2U 24 4 12 fi g I) ~16 2~0 33fl !i l2 1 5:16 2-4 0 720 4 0 1 ~20 1 52 456 . 
B 24 Ia 11 

mnde lsi 20 20 4 l 2 6Hil f\8 0 2~0 2fW 512 1 536 240 720 44 0 l "'2) 1 52 456 
I 

p 29 1, 5 

Y.B 29 0 80 4 
.I) 

0 2720 I) 1120 612 5120 240 2 400 4.0 4 40 l• l ~2 1520 

B- 19 - 10,15,25 

R 32 0 0 4 41J II \} 0 tl f) t 2 5 120 240 2 400 440 ~40U 1 52 1520 

YR 35, B35 0 0 20 HO 0 0 0 0 2560 J 02 40 t 200 4 llO 220 10 760 3040 

• AT 6 B, C, lJ 0 4 0 0 0 I :16 0 56 II 0 0 t} 0 0 0 0 

... AT 11. I) I · 10 0 0 0 ii 40 0 14 0 tl 0 0 u "0 0 0 
~ ~ 

. .. 
' I· 

... 

~· 
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the formation pattern. on the other hand, lateral spacings of about 100 ft . made for good 
unl for mlty rrom low alt1tudes. From alu1tudes of lS,OOO and hlgher, spacings or 200 rt. and 
even 300 rt. had no apparent errect on uniformity when almable cluster.s were dropped. 

c . Effects of Bomb and Cluster Types.- Types or bombs and clusters are expected to 
lmve more effect on density than on other pattern characteristics. Tije carrying out or further 
tests is desirable, however, to obtain reliable information on the subject. 

d. Effects of Spacing (Other Considerations). - Intervalometer spacing, combined with 
t ot al l oad, determines pattern length, as revealed by the contrast in the above table between 
the,results with a minimum (10 rt.) setting and the results with a 200 rt. setting. In the 
tests just quoted, releases were all non the leader." Such r eleases , as nearly sim11ltaneous 
as can be arranged, make ror less s cattering ln length than separate aiming procedures. The 
effect of other procedures on the pattern, however, is not easy to predict, beyond t he likeli­
hood or 1rreguiar1t1es 1n the pattern due to diver genc ies !n timing or releases. In view or 
the remarkably good pre ces1on properties secured in the ab ove dr ops on the leade r , i t 1s 
difficult to see how improvements 1n accuracy would result ! ram other t echniques. It might, 
however, well be true that a squadron or g or 18 plan1 s i s the largest !or mat ion whi ch shoul d 
drop on a single bombardier, and that certa in combat cand1t1ons might call ror having l eaders 
of three or s ix-plane elements do t he a iming, each one with a sui t able chosen aiming pojnt. 
It is not to be suppose d that the precisi on properties and densities achieved under the 
practice conditions at Avon Park can be consi stently attained 1n combat. 

e • .Mis ce llaneous Aspects o~ Test patte rns . - Accidental errors ln coordinating r el eases, 
(delays due U> (1) obscwlng or v1s1an or bombardiers relative to lead bombardier, (2) !allure 
of bombardiers to release promptl y (3) failures or mechanical equipment) nave obvious errects 
on ~terns, as revealed ln some or the results at Avon Park. Late releases stretch out t he 
length or the total pattern and detrac~rom either the size or the concen·tra t 1on or the 
errective pattern. These errects were su!! i clent, ln the tests , to obscure the Inf l uence or 
speed, wind, and, except ror t he a1mabl e clusters, or altitude. 

§7 • SUMMARY : 
Cluster patterns and stick (or train) patterns are or minor importance in comparison 

wi th rormatlon patterns, which are the baslc un i t ror the study or almost all daylight in­
cendiary bombing. It ls not possible to deduce rormation Dattern character1stlcs rrom those 
o! i ndividual clusters or even rrom st l ck patterns. Total ~attern areas ror ·g- plane (or 16-
pl ane) rormatlons , with suitable lateral spac i ng, average about 500 yards 1n width, (wlth 
lengths depending on plane loads and 1ntervalometer settings) , when QU1ck- open1ng MS clusters 
or. M64 bombs were used, rrom altitUdes or 1, 000 no 10 , 000 !eet. ~e widths average about 7.0 
yaras ror aimable M17 clusters ot M50 bombs rrom altitudes of 16, 000 to 26, 000 r~et. Err ct1 e 
patterns on the Avon Park tests had average widths pr about 360 yards ror qu1cK-openlng and 
450 yards ror aimable . Higher altitudes, resulting 1n looser rormatlons, probab ly Influenced 
pattern widt h more than the types ot bombs and clusters. Hore compact patterns, as tar s 
length goes , wer e obtained rrom a 1mable than !rom qu1ck-open1ng clusters, despite the alt1-
tu¢es. Excel l ent precls1on resUlts were obtainable 1p rormatlon pattern bombln asseen ln 
the above t ables. Extens i ons or the r1nd1ng~ to other conditions reQuire suitable aajustm nts 
ror (1) lateral spacing or planes (2) loading or planes (3) alt1cudes, (the d1!ter ences be1n 

· s 1gnir1cant and Incr eas ing tor altitudes above 15, 000 feet as compared with the lower alti­
tudes), (4) ground speed and (5) 1nt erval ometer setting. W1nd errects on qul ok-open1ng clust ers 
are d1tticult to predi ct. Evas ive and deceptive maneuver s Just o~ rore the bombln& r un wlll 
probably have errects on both t he accuracy ana the compactness or patterns. In tll1s cormect1on, 
variations 1n combat !ormat1ons w1ll cause some chan e 1n pattern areas. 

VII. BOMB DENSITIES BAStO OM PATTERNS 

RELAtiON TO EARLIER CHAPTERS: 
The practlca:J. appllcatlon or the results or ~he tore&o1n& chapters requtrea a lalowle 
Genaltlea whtch can be achieved 1n tormat~n ba.b1n& and 
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them. This topic ls lntlmately related to the subject matter or Chapter VI, and 
' 

results are drawn from the Avon Park Tests there cited. 

§2. DENSITIES EXPERIMENTALLY OBTAINED (QUICK-OPENING CLUSTERS): 
a. The One-Cluster Releases.- For the purpose or presenting the density results, t~~ 

!ollowlng organization or data 1s appropriate. The eight-cluster and ten-cluster patterns are 
I 

explained by accidental !allures to release and by accidental extra releases. These same pat-. 
terns are included ln the table on page 54. In· thls and tn later tables, ntotal" (or, "~f!ect lve ") 
density means density 1n the total (or errectlve) area. 

Single-Cluster Releases of M8 Clusters from Nfue-Plane Formations. 

'lUTAL DENSITY . APPOOX·% ADJ( ' TED 
NO· NO. ~AT- DENSITY 0 AIUUSTED OOMHS IN TIVE EFFECTIVE ' CI.Us- TERN (BOMBS PER ·FUR COMPLETE EFFEC- DE SITY 
TERS DBOP (!ll6 

(306 OOMBS} 
.OOMBS) • 

8 13.4 1·~ 9 86 32.9 
10 18.9 17. 93 45.9 
9 306 4.7 4.7 65 l7. 2 
9 306 9.44 9~;44 15. 3 
8 27 2 ~.97 11.3 

AVERAGES 10.7 24.5 

With uniform d1str1but1on, this means that bomb nlts averaged about 20 yards a~art 
errect1ve pattern area. Thls ls an overall average ror the e!tectlve area. In some 100 x 100 
yd. squares. the average would be about 10 yardS apart. It should rurther oe noted that ~hese 
figures are tor releases or only one cluster per plane, instead or a !Ull loa: or twenty. Such 
slngle cluster releases were intended to 1ve a basis ror estlmattng the results for releases 
1n train or larger numbers or bombs. 

b. The Two-Cluster Release .- A set or tlve releases or two clusters per plane was 
carried out. rrom avproxlmately the same altitudes as the s1ngle-~luster releases, w1tb a 
view to seeing how the density ~t the pattern would be relntor.ced by the double load. The t 'O 

clusters wer~ released ln as qu1ck succession as practtcable, yet some lengthening o! the 
pa.ttern resulted. along wlth an increase 1n bomb denslty (see table on page·54}. The results 
rollrN~. 

noub1e-Clus ter 1 el ases of 8 Cluster rrom Nlne-pl ane lt'"o nns ti on • 

NO. Q • . TOTAlJ EFFECTIVE 
!~ 
(:..!~ 

OOWBS PATTERN AREA ~i (SO· YD·) t&} 

17 678 ttOO 102,000 20.3 8& 99. ~00 &0 .. 0 53 .. 0 

lt 1060 218,000 ·~1 87.5 t44. ooo• 39.1 n . ., 
6100 641,000 11. I 64 160. 000 Jl.l ••• 
2100 410.000 '·' 11 116,000 ••. ' 3J.I 

lt68G , •• ooo 11." 'ft. I 110. soo• ••• 11. 

tlltOOO 15. 'I 71 I 000 
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*Effective pattern taken as only part or a r ec tangle. Hence area 1s not the product or the 
dimensions given in the table on page 54. 

The total density 1s her e tncreased as compared wi th the single cluster releases by 
about 45% and the effective density by about 37 . 5~ The results are expl~1nable by the tact 
that the patterns f.rom releases or the second cluste rs ar e carried further along (~1v1ng 
greater length) and also overlap wlth those frorn releases of the first cluster s {g.1v1ng greater 
greater densitY.)• Bombs average about 17.4 yards apart ln the efrect1ve area. 

c. The Ten and TWenty-Clus t er Salvo Releases (Quick-Opening) .- Ten- cluster and twenty­
~ luster rel eases, He, from a nine-plane !ormation, with m1n1muro 1ntervalameter set ting {CO~ 

pare table on page 54) . 

90 

178 529,.000 

rorAL 
D~SITY 

(OOMBS PER 
10, 000 
so. rD. > 

f}7. 5 

114 
( 116) 

Tt1e der"s 1 t res ~parentheses are ad Justed to the full 
or tt,e tHO clust;:;r:-s not released. 

B17 bombers. The twenty- cluster release resulted tn 
(!) 7 t 1:nes that o: the single- cluster releas 
(2) 5 times that of tne double-cluste r velease 
(3J ~ . 7 1mes trtat or the ten- cl uster release 

EFFECTIVE 
ARE 

2 47, 000 

3 20. 000 

98. 

EF'F'IOOT.IVE 
DENSITY 

163 aximum Den,ity 

'16 5J 

0 

or tao clus ters, to ~ake accoun 

incr ease s1gn ... lcantly. The ten­
or t lte s !ogle-cluster release and 

half- load 

1n tt.e ter,- oluste r release , the burnb t.t1ts avera e .a l l t. l e over ten .Jars a ar 
e!' fect.17e ar-ea. Ir the t 1tler .. ty-cl.uster release , u.hey ave ra~e about e ·ards apart: . SUch 
tan ... es car. be usea tn r orm1ng an estimate of t11e avera e nuro r or !tre per j are 

n 

sed 
re­

t 1on 
ort tr e targ~ L 1 s vulne r ab 11 tty <p r. ope r t les l r1 rei a b 1 on po t he ype or bo mployett. Tl1 
lease was made by r>l,e roet l od wb i cl1 g1-ves max1-mum .aen t y tnr a e .B-1~ 
arrying 18 Clus t er s . 

d. Dependence of Ar ea a fid Dens ;tty on .LPa d . - Tt e 
areas are arrected by the number Qf clus ters per pl ne in salvo rel 
r ... ~ c t1ve patterrr-aTea 1 ~ more s1gn1 1cant tltan tbat or tll ~otal r 

,. o:--e s ubjectt to the 1n1'Iu n~e or s tray com ·~ and 1 rt rrs.ular 1 t 1 1t 

l a os . (Se~ ra:phs on 'PP · ~fl . 71. 

(J. n 4 Cl.. STEUR 111·;HN 

J EH PLANE AHE \ ~· YJ)S. ) 

1 

2 

1 fl' 

20 

18,000 

f32, 000 

f29,000 

EFJ.'"ECT IVE 

l so, 000 

1 64. 000 

2.7.000 
3!0,000 

EFl ~!f 1 I~ hf< 

I 

---~ • The 
ls 

Beleas .- A 
made or t 

1 

24.1 
aa.l 

4 

' J}at 

b havlor or t 

t l e a r 1 
r- 1 t 1 on r r 

l,.l\ 10, 000 
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A NINE4'-PLANE 
FOOT INTERVALOM~:TER SEJrTING 

NO. JrOTAL PATTERN APPR.OX. NO. APPROX. % Et~"EC-
E~C-

NO. ALT. TnTE CLlS- ON TARGET AREA BOMBS ON DENSITY IN EFFEC- TIVE 
BO lBS (Fr.) I DE ·-'l'ERS (S~. YDS. ) ON TARGET TIVE AREA AREA 

17t • 6814 7400' 560, 000 89 . 6 

~ccldental failures to release account fact tbat only 171 c1usters were dr oppea 1n-
stead or 180· 

This represents bombs, on the average, about 10. 5 yards apart over the erfective area, 
cons1st1ng or a strip about 1600 yards long and 350 yards wide. The central 200 yards or the . 
strip, howeven, was more densely h~t than the rest. (See plot for 1'Qu1ck- open1ng Cluster, 
Pattern 11"). The period of straight level flight requ1!7ed to approach the release line and 
drop the traln amotmted to from forty to slxty seconds. T!l1s would be a fairly long, but not 
1mpract1cal, bOIJlblng run .over a well-defended 11ar.get. 

~3 OE~SITIES EXPErtlMEt,TALLY •J8TAiriED (Aii!A~LE CUJSTEf<S): 
.. The behavior or patterns was tound to 9e different tor ttte aimable as compared \-.r1th 

the qu1ck-open1ng clusters. The airoable clusters produce Shorter, more . compact patterns1 
sin-ce the bombs do not dtsperse so widely on cluster. opening. In ·the case of the qulck- open-
1ng cluster, this sGatter1ng or bombs ls probably due to the e!fects of ~he slipstreal of the 
p ane. The- more concent~d patterns J:ead toposs1bll:ft1es o!very great densities, especial ... y 

when whole squadron loaas are released with mlh1mum 1ntervalometer. setting. The 1llustrat1ve 
problem 1n the f1na1 cttapter of such extreme densities. These sar-e 
releases are 1nvol~ed 1n the table on 

1 

9 

9 

,,0 
990 21.{)00 

~ 

990 21,000 

Ert c tlv 

tJ rt w 

Ttll ~ ln lll ( UOtl lJ , 

u. Mnlttrl ltel a 
r 1 n the tFt t 1 t 01• P 

6, 00 0 
10 , 00 0 

5,00Q 

A :tflc talt 

fJ:..~ llur e:-

222,ono 
348,000 28.~ 

28 t). OO Q 26.9 
894, 00 0 25 . 1 

420 , 0fl 0 23.6 

31.2 

{;::h) tCOJ'l Pf l t 
to r lea. ~ or .. t l t 1 n r t l' t' tw 1 

1ft ~ l X 4! 0 W 1 t l c ~)rl l r r 
'J<rJ t \: lll 

10 5, 000 l. 7 
20.~0 • r • 4 

86.6 

97 , 500 64. 

90 166. ooo• • • ' 3. t} 

9ll 226, 000 3f'.6 

1\~ .. 2 

u t ra ... t '"1. 
rl J t ~ h tt t'' r t • 
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tl \. rr, , t 1 v l t rt • 

~ 



---, 
I L 

I I l 1 I I 1.. I 
- ....--:~-r--~-·---.:.._,. 

I 1 - -I • I • T ---.-, l J l I i ~ I I \~1-1•;;;4-~-t-.f-f-4-4-~.-+-+-if-+-+-+-~-t--l-.,_..=i=,..,;:-::-+=::t-::-.l:- l- t- 1- -- -~ 1- !--~ ,-,- ~- t- r 
1 l "j I -1 1 I 1 

~ffective 

14 ~ pa·ttern 
~-+--~-1-~-+-~ ~sq. yds. ) 

-Hf:-+-4-~H--t-+-•--+-t--t-H---t-+-+--f'-.f"t ·--it--ft-~ 1~ · -t-,_.._.,__ __ · -1.-i--i~ ·- -

I~'· TIAL 4-i~++-·H·-t-+-•-+-t---+-H-+-t-t-t-t--t-H--t·~f-+-+-·t--f- i-f- -+-~·~-+--~--~-1f-l--i-f- !~-f-l'-
-. r .;;;;:.. 1 ~ ~ ;;;.. ..J-.1~---4--t-ll-+-+-+-~f-+--1- -i-+-f-+·-f--t---4-+--i-t-t-~-io--+-4-i-~·...-i-~-4--4·-f-... --i -..,_.. f- .-f--•-+ r- -

-+-+-H-_._+-i-+-t-il- f- !- ._ f,..-~-4--1-14-++-+-+-+-+-+-+-t--t-t-t-t-- f-+-4--t--t-il- --+--t-·t'-i·-t-i-4·-i ..... -t·-i ~- -- -J.-·~ . -· - '-- >--

-++-H +-+-H - + -t-H -t--t-H--t--t-H --t--t-H-Ji ...... f-f-f-1- -4--+-+-t---+--~~~-1--t-'t-+--+-tf- --+-......_.1--._--1-4-t ---f--+'---''-f--..._~-+--·t-t!-i-t- :- t-
-4--t-.J....t-f--+-+-+-i -l-.-J.~-..J-J-I..-t-~-l-4--t--t-4-+-t-f.-f-+-1f-~4-+-l>~-i-·~f-t--f- f--1-4•-l-+-1-t•-l-+-1-~ .. -f-1--i-t--1-t- ~ !- -f-+-f--+f-t• "'I- ~- - -1-1·- I, 

. 
1-

i-

• ~ 

1350,000 

-+--4-+-4-++H-++-H-++H-++i:-l~++-i-t--t-~1r-t--t-·-HH-t--t-t-t-t--t-H-t"i-l: --~--+--+--i --l- 1...,. t -1 .... 1- +-+.-+--t-1·- +--
1-1~~1-.-+-J.-1 •. +-1-4-4-4-~+-t-t-+-t-+-H- f- I --J~-I--'-4--4--4-"-1-+--4-+-i-4-4-f-4-4--f-+-1f-+-+-4~t-+-+--+-........ -t•+-f-~-f--~- f-f- i -!-f..-f- ·- ··t=-!- -1 - I I 

boo, ooo 

~50, 000 

~00, 000 
0 --.. 

1 
W--0~-J.-.+--f.-t-+ I c 

' " 

I 

-
' 

• 

- .. 



---, 
I 

I I I i I 1 1 ~~ ' 1 - ~•' '··' 
-+-+---~·-+-~-+-~f-+-1 !-tl I : I 

~~~..._..._.+-:Effective 
'-'-~'-~-+-4--1-.1 ,~ ~--~ p ~ t tern 

( ~ q. yds. ) 

50,000 I 

~00,000 

, - . 



CONFIDENTIAL 
---, 

A'VERA.GE 
No. NO. 

ALTITUDE OF TOTAL APPROX. DISTANCE 
EFFEC-CI1JS- BOMBS CLUSTER 

TOTAL · DENSITY % IN EFFEC- APART OF 
CLUS- TIVE 

TElt.S DROP- RELEASE 
PATTERN (BOMBS PER EPFFX- TIVE BOYBS IN 

DROP-
TER 

(SQ. 'YD.) DEN-
PED 10,000 SQ. AREA EF'F'ECTIVE 

BURST SITY 
PED YD.) AREA 

18 1980 16,000 &, 000 3'1'1,000 62.8 96 180,000 104 10 yds. 

68 58 SO 16,000 5,000 880,000 90 160,000 328 6.6 yds. 

The double release has about 1.75 tlmes t effectlve density ot the siHile release and the 
six-cluster per plane r~lease about s.s times the effective density oi tie s1I ~Ie-c luster 
release. An extrapolation gives an · errectlve dens tty or over cOO bomos per 100 -x 100 yard 
square !or the twelve clusten salvo, .which means an a~erage distance aP,art or a little over 
four yards. It 1s to be emphasized that thls expected denslty or eoo bombs per 10,000 square 
)ards 1! rar hlgher. than can be ob ta1ned wt th Quick-openl:ng· c~usters uslng s1m1lar releases . 
Thls glves maximum denslty tor the formatlon. The rol:~ow1ng principle !s suggested. (see 
graph, D· 71} subject to ver1f1cat1on or mod1!1cat1on on tne basls or !urther tests and 
analyses: wnen aimable clusters are salv~d, the density, for a given type of cluster, is 
approximately proportional to ~number ot' bombs dropped. The pattern a,rea remains roughly 
the same. In this statement, nsalvolng" 1s taken to meana r~lease with ,m1n~rnum 1ntervalorneter 
sett1r ~. abaut -10 l'eet. utl1s being mechan1cal1y simple and na~1ng :tor compact patte n 
than a genuine attempt to salvo by. n1ar~ual release. 

§4. DEPENOEHCE OF DENSITiES OH ALTITUDES! 
a. ature of Dependence. - The above r.esults on almaole clusters show a pronounced 

effect of altitudes on patterns. Th1s appears to be true ror releases from about 15,0 o fee 
ana depends noc so much on dlsperston as on t.tte increasing d1trlculty or flylng tight 
rorrnatlons as the altitude 1rcreases above tbls level. The gnaphs on pages 72, 73, show 
&he behavior on the basls or tnese tests. They should oe accePted OHlY wl lldue cons1 eratlGlt, 
or tbe llml'ted numtJer or ooservaelons on wh!ch they are based. 

vh• APPliCA'l10H TO JACTlCAt COND11IOHS: 
a. Is ion Planning. - in a oractical protllem a attacK on a tar et, the 1ss1orr [an­

nlng or.rlcer uses the best available estimates or the tollowlng vu1Jlerabi11 ty properties, 
wl1lch deterrnlne tbe required denslty: (1) the tarret area and Its analysis Into rl -d '1-
slons: (2) The percentage or the target area which ls combustible: (3) ne p~rcenta e or duds . ~ 

to- be e'Xvecte : (4.) the percentages or bombs wn1cb e 1 ther {a) rail to transmit rt re~ (b 
produce non-~nt1nulng t'lr s, or (c) roduce !1res whlcfi can be contnolled by der nses. Or 
tbe oasis of th knowledg , He 1 ~ able tp estimate low mru1y hlts p ~ !1re-d1v1slml are r­
qulred to Insure destruct1on or the tire vultlerable portion or th targ t. The number or hl ts 
per !lre-dlvlslon tves a dens1ty requlooment. However, the uunmer or bombs d 11verect on the 
target shouldbe· more than eno\l&l to produce tnls den~lt , s.tnce random varlatlons mtg}tt result 
1n ralrly th1n parts or the pattern landln on some ot.: tlle !1re-a1v1s1ons. 'fhls use ota 11 Jer 
<1ens1 ty tban seems n-ecessary has tlle err c or 1ntroduc1nga sar ty !actor to compen ate t r 
th1n parts or the target. Probab111ty tpbles ror scatter bombing, or a scatter-bomb1n· 
calculator. glve an JJ;aea Of hOW big 8 rac~or tO USe tor a requlred assurance OC de trUCtlOit. 

'ftle results or the present chapter enable ~e to detennlne, ror the most appropriate 1ncend1arl 
bomb and planes, how best to achieve th~ r1ec~ssary pat terr area and dens 1 tl .. 

b ... ..,le 1• - In the next chapt•r. an lllustrat1ve problem w111 be carried throu 1 

demonstrate th~ use or the entlre body ot results cotlt.atuPd 1n tbls paper. Foreo estht 

TIAL I (l ___ _.. 
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purposes, ar assumed tactical situation wlll be more brie fly discussed, with ~ ~ sis on the 
U0Il1 . dens1 tj P1lases Of the problem. An industrial OUP Of 1JU1ld1ngs form a11 area tar et 
covering a rectan ~le aoo x 1,200 yards. About 30% of the tar6 et area 1s covered with bu1ld-
1D~s of flre reslstant roof construcilon conta1~1ng combustible materials distributed over 
about tvJO thirds of the area within the ou1ldlugs. Tak,_ng 1nto account separate ou1ld1ngs anc 
flr.e-stops wltl1:1I them, lt 1$ found tha t clle 288,000 square yards of combustible buildings 
pr seJlt ah estlroated rorty flre-d1v1s1ons, ha VIng a mean area of ? , 200 square yards; (for -exam 1 6) x 120 yards). Fire defenses are assumed organ1~ed, wlth squads assignee to each 
f1re-dlv1s1on, ~o that an avera~e of six slowly destructive fires, or two rap1dl¥. destructive 
per division caii ue r audled. 

c . solution. - In order to emp·llas1z e lihe dens i tY. :requlremenr; aspecc of the problem1 

let 1t ~e suppos ed , wl thout de ta ,led ar gume!ln, tha t pe1 etrat1on, 1nflammab111t.y, and ava11-
au1l1t cons1dera t1ons r~duce tt.e crioi ce to a1roab l !11?A1 c l us.ters or ei s e M47 bomhs -c~rr~eo 1n 
formations of B- ?F planes . I 1 or der to assur e deEtruct 1or~, l!:e t 1 t be requ1red that an ex­
pected four r~res pe r d1v l s1on oe ·s t.a. ed eve:r CJnd above wba u the de.1'enses can handle • .In 
terms or slowly dest ruc ti ve r1res , (Ml7A1 clus t etts) ,. th l s 1nl~i1 1 es 10 cor1ta1nJ.ng flres lu eaeh 
d1v1s1 on , s lx being subJect to enemJ' contr ol . Tile bombs In t l1ese clus ters belng or tbe ln­
teus.t ve t ype, and 1nrlaitiDao1e materials cover lrhs 0lily twcrthlrds o r the flre-ctlv1s1ons area, 
about fifteen bombs would have to iunct1or1 w1t.hln each d! v.t s1on to start tlle requlred ntnnber 

" of fires. Let lt be suppose.d that experlJDen;,s w1t1I s1mu£ateo ta r ri>.ets ave r evealed that 25 

t t lllr · 200 
ssuw1n the total o 

r ~· · ne;e rQsul ts a. 

r 
1 

1 
r r 

11 A t d 

1 v r 

tl 

.. t r ~t 

1 

t 

1 r tl w r 1 r t 1 1 I t ll- 1 r g r , tl 
Llt .} w ·~ Qul kl -t tru t1ve tlre r 

dlvt 1tt n ll r tJl n 1n t-he- ffe edtn 

GO NFI NTI L I ---..J 

• 



CONFIDENTIAL 
~~*-~~,~~~·~Effective 

i·~~~~+4~~Density 
(Bombs per 
10,000 sq. 

yds.) 

No. o 
~~~~~~1~~••+-~~++~·~Jr~~~~-~·~~~~·~·~~~~~~~~~++~~~~·Clusters 

., 

t I 

Variation of effective density with nwnbe-r of clusters 
-+--+-r-~~t-- per plan , using minimum 1ntervalomet r setting. 

1 I ~- 1 

(1) Quick-opening clusters. 

per 
Plane 

(2) Aimable cluetere (three pl~t ed points, together with the 
best-fi ting straight line) 
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anple , tbetr pr ot)ab l li t J of escaPe with t he •47 would increase, and the relative advanta es 
of 1 ~--r.rst-ers vmrrl a- -more TirO ouncea. ---~ 

e .. Exllrn·, l e 2· - A bu i lt- up a r ea of b 1g,hly Inflammable 11gbt structures with ~0% roo! 
coverage l s to be attacked. Cond l tlons ar€ favorable to a conflagration. A detailed analysls 
of this sort or tareet reveals that tr1e M74 1s the most favor able choice, (with t he M69 as 
second best), 1n vlew of (1) 1ts tall-ejection· scatterln~ propert i es, (g1v1n~ ! t tne advan­
teBe over other small bom~s), and (2) 1ts greater plane- load effic i ency for thi s t ype or 
tare;et, as compared with the lar~er bombs, especially if tactical consldernt1orutrnake qu1ck­
open lu~ clusters practicable . The expected concentration o! uncontrolled , cont1nu1n& flr es 
l s larger for tt1e N74 or He9 tr1arJ for other types or bombs 1n the present case . 

~e. SUI1f'1 ARY: 
Experimental results disclose the sort or pattern ctens1t1es obtainable wi th format i ons 

·whlch are tact1call~ sound and adaotea t o 1ncendlary bombing attack. A studji of various 
nlne-plane formation rel eases ( 1 cluster, 2 cluster salvo, 10 cluster salvo (quick- open1ngL, 
20 cluster salvo (qu1ck-open1n,i), 6 cluster salvo (a 1rnable) and 20 cluster train {qulck­
Ot}enlng)J gives a basis ror approxl.ffiate computation of pattern characteristics for different 
plane ·lO adings, alt1 tudes, and 1nt~rvalome ter settings. FUrther tests are des1 rable to 
strengtnen tne statistical basls ror. ~hese stud ies and extena them to otner tYPes or bombs 
and clusters. 1ne results of tne· present cr1apter- complete t e practical basls ror 1ncend1ary 
m1_;ss1on pl ann ing. It 1s safe to concl ilile tnat on vulnerable area ~ targets o! 300 x 300 yards 
or larger, fo rmation ratterns can be <:il·opped · with such density as to satur"'te al l 1re de­
fenses aao g lv~ a high ~egree or assurance t nat tne target, wlll be destroyed. If the tar et 
1 s t.oo l arge to be coYered by a stngle pat tern, several rormat 1ons, each w1 ttl 1 ts assigned 
~rea and a1m~ng no1nt, can distribute patterns so dense as to saturate ail oerenses and 
assure target aestruetfon. rra domestic area target fs such that a cont1agrat1on 1s -psss1ble, 
t nen (with tne a1d Of good 'Nlnd cond1t1ons) a su!I1c1ent number or !1res startea ln one Part 
or the area can be exPected to sweep tnrougn the ent1 r.e tanget, by virtue or the spreading 
effects et f1re. 

~ 

VII f. !llUSTRATIV£ MISSION AHO OISCUSSIO OF PRJUC.PLE:S 

11 1· I H T RO DU C T I OH : 

~ %. ILLUSTRATIVE Ml SSION: 
e f r e tn f1nd 1n ru1 o n ndat 1onL rl.sln rro tnt L r p r 

• 111 1 t r tt1v ol J t. l On or 11 ~ 3Ume I ractl c1.l tncen 1 r ,·1 , pl ! 
r 1 111 zv to u l'ti rJ i!fd coord1n. :tt tne var1ou p rt or t 1 

topt J trf 1tc 1 ~fit. r 1nt tr,f ... ~ to )t prnct1c 11 or appllcatlonr.,. 
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a... ta e.ment and nn l y i. o:f! "'"' roblem. esum~i=l t a:rge 
s ort mapped ~n t he d1 agraro on page 76 . A r ect angle dr awn jus t bi g enough- t o enclose 

t he t ar get weasures BOO yards b y 1, 200 ya r ds . The t ar get l s flrs t analyz ed lnto f1re­
d1v1s!ons, tsee Chapt ers I and Ii) · A.map based on aeri al photogr aphs and o t her i n formation 
may f al l to reveal al l the !1re- divls 1ons , but exPerts•fa~111 ar wltn t he t yp e of construction 
i nsert pr obab l e flre-a 1v1s1ons 1f t~e 1 r presence seems 11ke1y. These ar e suggest ed ln t he 
d i agram by dOtted. lines, represent ing assumed fi r e - s t ops. I t 1s dec i ded t nan t he fir e 
d lv1 s1ons rnarkeo wi th d i agonal 11nes 1n the di agrams are or1rnar y t a r ge t s , ., becau s e o~he 1r 
s l ze, the l r combustlbl l it.y, and tne !act that they include part s or t fie i ndustri a l a rea 
necessarJ to continued production. The mean 'f1re- o1v1ston area 1s round t o be abou t 1., O?Q 
square yards (or 9, 630 square feet) . The considerable number or smal l divisions ind i cates 
tne use or clustered small bombs rather thru1 larger bo~bs. F1re guards are well- organi zed , 
but s l nce tne target area can be covered by a single~ \..:ell- placed formation pattern, i t 1s 
tlec1ded not to sa~1f1ce any of the plane capacity to n1gn exPlosives, but rat ne r to depend 
on a n:eavy concentration or IB' s, some being or the ant1 .... Dersonnel type. to overwhelm tne 
de f enses •. The t1f0XA:3 contain sutrlclen~ cr1arge to be lethal 'in a confined space . Tne pene­
t r ation requl.:rement 1s strong, ruling out ~t69 ' s. Results or · tes~s on analogous structur es 
wi th t he salJle sort or contents have shown tliat about one Intensive- type smal l bomb out or 
six runctlonlng '"~ t 1 n tne target can be eXPected to start a continuing fire. Th!s measures 

~ 

the degree o! rulnerab111ty (Chap t er II). F1re-f1ghters are assumed able to controlamax1mum . . 
Of flve StiCll f1res per rtre-d1v1s1on (ChaPter II ) , The bomb beSt .satisfying the requirements 
for tnls Par~lcHlar target 1s tne MfO bomb . Thls 1s determtn ed with tne aid or r,ne above 
tar et analysis comnared with the analysls In cnapter III or bomb onoQert1es. AI1t1-A1rcr art 
defenses rorce t .e at tackers to work at alt.1tudes of 2~yooo feet, so that almable clusters, 
be1ng subJ.ecn to less. wind ~ct, and belngradMted to the t act!cal fonnat1ons flown by the 
aircraft, are nre!ernea to tl'le Qulc::K-onen1ng t~·pes (Cfiapr.er III). 1'he aec.1slon havlng been 
made to use a1 able clusters or MBO•s frorr~ 2R,OOO feet, the r ext -QUestion is tnat or :quantity 
r.equl;cement. ThirtY penetratln bombs ne:r d1v1sion sho •Ix.1, accora1ng to the above, start five 
dangerous f1r.es, enougll fU lly to occup)'" tne flre defenses. An adaed e gnteen per d1v1slon 
should start tnree , ore such fires, enough to Insure destrtlct1on even l! tile !ire- squad , by 
unusual efrorts, extlngp snes one or twQ fires above tne1 r exQec ted ma.x1mum. Th1s 1ves a 
deslretl ·total of 46 penetr tlng, runctloning bo. bs pen dtv ls1ou. Otaas10nal non-penetrating 
and mal rune t 1 on! n bon bs n · v e b e en t:ou n a, by tests , to average 1 ! o t tn ~ 1 o ad . Hence . 
54 h1ts per flre-dlv1s1 on are requlrect. Tnat means A density or F~ hits 1n every ~ , o~o 

square yard$ ov, f02 n1 ts In every tOO :x tOO yard squar.e ( 10,000 sauare yard area) . <>n 
t he basts or tle work of Cnapte r Vl . 1t l s estlmatea that ef!ect1ve patterns about dOO 
yar s w1cte t a be e:x ected rrom a co bat bQx rorrnat1on aropplng rro ac-, oo feet . Tn1s 
would allov.' 200 yards lee y. for no.ss1ble de!lect1on errors ln trying to la~ a pattern t l1e 
l en til of th tar e • Tnls ee r of tOO ya s el th :r slfA,e, no ·1e:v:en, allows ror a de lectlon 
error ot onlY 100 yaros. Accordtngl:--·, lt 1s d c1ded to have two squadron tomat10ns f l .. ' 
across the tar et , w1th the 1ndlcated headings anct a1~1ng nolnts . n allo •abl e de l ect on 

• error 'then becomes at, tern eu tll s 10ulo be ad ustea to about 00 :Ya • b 
u 1 t :Ol e F , so as co a loH t. o yarcts fOl" oss1ble range error ln !tlml n t ne e f ect 1ve 

Pat tern cent v. ~l)lC tne aes1red pattern len th 1s only 100 ~ards longer t 1an t n mln mu 
Po.tte rn 1 n tn, tne a1sc-:u1t; l rs n tt')ru c ncer to the l sc, ln tr n; houl 
b e 100 r ds . Tner be 1ng 1.2 clus er~·- n a train n-c l JH! B- ~F· s f the eor r ot s ettln 1 .. 
11tt e ov er ~ co~bat bo. rot } t l on putt l H 0 or t s lo or · ... -.700 t 

bomb into an 420, 00 SQ• h aerfslt or bout 

~10 bombs p~r 100 y trd tr!X'l' t~ f ro:, ld 
tber tor dOes not l 1n d noltY4 0 Ver, 

rety rae t or wa~ uo en t 1 r - au act tll e ll n 1 t 1n h ndl , so 
the density s t1oula o ror A r 11 on ble ~suroance o! t nr t de tructlon. It 1s 

c r t, ru 11 y 1 ded deCldeO tO end tWO ~l tnne COMb t 001 !O'n''Hltlon ~ Of ~-t l ' \p; JU t tl1 
wltt1 t117A1 clu t r , usi1 g an lnt rval eter settln or '.!1 !e t. T.t1 t1 ~ r on I snow • 

uperlmpo f!d on the t r ct, one o{ tn~ stngle-clu t r, plane r rrr. t1ou n lt terns rrom the 
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Avon Park tests. !n the present case, th1s ls 1/24th of the total bomb load. This pattern 
can be tnought of as rePTOduced 24 times ln a train with errecttve length or 700 yards, to 
get an 1dea or density. ~11'7 clusters were used. 

b. Influence of Fire Divisions.- Note that the heavy density requirement 1n the above ---, 
example ls associated w1th fairly small f1re-d1v1s1on areas as compared with bullt+up areas 
ot inflammable housing wlth 50 roof coverage. Heavy bomb density requirements are to be ex­
pected in 1ndustr1al targets. 

:"\ 

93· DISCUSSIO~ OF PRINCIPLES: 
a. Targets.- From the foregoing report, lt 1s evident that different theatres of 

operations present differences 1nvulnerab1l1ty between incendiary targets of the same g~eral 
nature as, for example, built up areas of housing. German targets are as a general rule more 
heavlly constructed, offer medium combust1b111ty and, due to the relatively numerous f1re­
d1v1s1ons contained w1th1n a target area, together with abundant fire control squads, present 
little chance or general conflagrations. The tact!cal dec1s1on to attack tbe average target 
1n the European Theatre with incendiary ~mbs should be based on the thought or !Ire damage 
that can be created w1th1n t he area actually hl t by bombs. The hope or causing tires to en­
gulf surround1n~ areas is remote, and i t' i s not r econm1e nded that Incendiary mlss1ons be 
planned with tb1s l n mlna . However, lt 1s not 1ropl1ed that ~tcemp ts a~ large-scale area 
damage b y !Ire shoul d be abandoned. If a l arge-scale ef!ort 1s p l anned, t hen the area ln 
~11ch incendiary bombs are to be dropped becomes the target ar ea , and all factors or planning 
used t o carry out a successful smaller target mission must be u t 111Zed. Pandom incendiary 
bombing or light density wi ll seldom, 1! ever. produce pesults 1n Ge~ area target s; f1rst, 
because adeQuate ! 1re ~ontrol measures are aVrallable to cpm1teract the bombs, or thelr re­
sultant t lres, due to their 1~ of concentration and secona, because or f 1re~lv1s1{)ns whlch 
preclude the hope that over-looked or -unattended fires may develop Into l arge area conflagra­
tions. I n t he Far Eastern Theatre (Japan), the target genePally presented offers. all the 
capao111t1es or conr l agrat1on. Target eonslderattons for Japan 8llouid 1nclucte t he objective 
of destroying l arge rire- d1v1slons wltn the aid or spreadlqg flres . 1~e bomb patt ern need not 
cover an enti re t l re-d1Y1s1on, (area bounded by w1de ~treets o~ waterways ) but may be so ,.,. 
placed as to s tart maJor f1r~s located w1trl cons1dera 1on o tl1e pro'ba. 1.e effects or surface 
w1nds on t heir cont 1nued development and spread . Tl I~oughou a:ll t~JeatFes or 'Qperat 1ons and 
combat zones will appear uargets dl!terent from he yp~s mos requen ly cons dered ln t his 
report. Such targets may be native villages, lsolatea doer~ and warehous es, mat e:.r lel an 
buildings adjoin ing runways at advanced alr bases, etc. Each o these tYDes o tar ets 1ust 
necessarily be conslaered wltll r espect to the tollow ng questions: 
(1) Is 1t combustibl e ? (2) ls 1t easy or d1t'!lcu1t to penetra ? (3) Wlli the e ! e t1ve pa -
~ern anea of a singl e t aet1eai ! ormation su t1c1~ntly cover ~ en these ques ons are 
properly evaluated, t he selection or an appropr late bomb, l ~h the 1 or t bles or bomb 
properties, ~111 give t be best available assuran~e of suc~e ss 1n es t roy1n tbe ar e • 

# b. Bomb ~nd Ul . ter • - Incenu1ar les are not an 11-out, ai i -t>UFJ>OSe eapon. Tll e 1s 
a' tlme, place, and condition tor th~ use or eaob type or bomb lld cluster. The u c -o en1n . 
cluster, as ~ general r,ule, wlll not be suitabl e bee use o! (l ) llmlta 1on due ta 
ot cl' ster pa.rts st:-1k1ng succeed1n 1rcrart 1n t 1 t tact c 1 ronn tiona and (2) t r -
ducea a1mab111ty 1n Increased alt1tuae d\le to dverse effects or w1nd upon the r llln 
bombs. As a gen ral rule, the al ble cluste ls best t or most oper onal ac vl te:s because 
ot (1) 1ts sultabll ty ror use ~ · om 111 1 ltltud s. (2) h at rn nsltles obta1n d and 
(3) the tact tl1at lt 1 r-el ased n the sam maru er as '¥ GP bomb, so tll t no restrl tlon s 
imposed on the tactical rormation to b u ed. Howev r, s1nc u1c -op nlng clust rs lway~ 

conta1n more combs, pouna ror pound, than a1mabl clus er.s (h8 mQr In he cas or H74•s and . \. 

Heg •s) the qu!ck•openlng cluster should not be comp e elY rej cted. 
the qu1c~open1ng c1uster present a ver~ sat1srac ory metho or 
the target. sucl'1 methods result ln satura 1n tlle tar et ana Incr 
Tests 1ndlcate that on certa1n bU1lt-up areas, as r1kln angl 
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e. FOrmations and ltitudes. - T.he .ror.mat1ons to be used an the alt 1 tudes ! l own are 
sUally tactlcax~~ dlctatetl ln the comoat area, due to de!ens1ve consl de rat ons. The neces-. . 

s l ty .for closely consltlerlng the forrnat1on ls clearly indicated 1n the tactical pat:erns 
d1scussad In the preceding chapters . Therefore , wllen defensively perm1ss1ble, the tact1cal 
!ormation s11ould be selected for a11 1ncenalary m1sslon oi1 the basis or target coverage. A direct 
relat~onsh1P exists between altitude and rorinatlons; sli!Ce, as the altitude Increases, the 
oJ.ff1cult1es of maln taln1rt~ a t1ght formation increase . Formations at altitudes ot 2S,OJO 
feet are usually looser than an 10,000 reet. Therefore, breaks ln pattern may develop and an 
increase ln pattern slze usually occurs with a corresponding decrease ln bomb oens1ty. When 
placing 1ncend1ar1es on any target area, t.t1e taet1ca1 element, whether lt ls 3, 9, or 18 
elrplapes must be considered as -the pattern unit. The expected pattern from thls un1t must be 
evaluated against ttle target area in or-der to detennlne coverage aud density. Wlth a knowl­
edge or the t~pe of target ln relation to Ins lnflammao111ty and penetration, the area or 
coverage can be arrar15ed by il1gtlt piots of tbe tactical ~ormat1orJ to ue !loWit; and 1.th . . 
knowledge of bombs requ1red per- gtven area to saturate the t1re defense, the a~lt1tude and 
lr1tervalometer sett:. ln~s can be declde • Thus , the tactical r.eco~ndat1on as to altltude and 
rormatlon t.he preceding illustrative 
exampl~. 
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JNCEKDIARY BOt1B S ITUAT.I ON Bt BLI OGRAPHV . 

The following llst contains tbe pr1nc1pal published sources or 1n!ormat1on used 1n 
preparing this survey • 

1· The tlieOtY or pr.tmary f1re-~e:ls1ng with small 1ncend1a.rY bombs, Dr. R. B. Fisher and Dr. J. 
Bronowsk1 (R.E.N. 307) 

NOTE: "~E.~ stands for "Resear.ch and Experiments", a depantment under the British Ministry 
or Home Security • 

2· Target vulnerabf11ty notes, D1~1ston ~E.e o! the M1n1str.y~ or Home Secur.1ty at Prl~ce•s . ...... 

R1sborough, England. 
3· Revlsed e~t1mates or the apparent ratio or etrectiveness ot IB to HE 

damage, RE;H 81· 
~. The theo~y and tactics ot incendiary bombln~. R. H, Ewell {TDMR713). 
s. Incendiary attack o+: Ger.man Cities. · D!rec'!or!ite o! Bombing OpeJ'at·Ions, 

6· 
7. 

8· 
g. 

10· 
11· 
12· 

Tactics, Air M1n1stry. London, England. . 

.. 
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space" between structures by roughly 38%· With a 30 degree angle, a bomb Just m1ss1ng the 
roof of a typical one-story oulldlng will strike the slde or top or the next, even lt the ad­
Joining building ls 21 feet distant. Therefore, low-level raids ~roduce the optimum or h1ts 
and necessarily must be made with qulck-opening clusters. Certain tactical rorrnatlons can be 
tlown rrom medltml to hlgh alt 1tudys 1.n which qu1~k-open1ng clusters can be used. Such a ror.ma­
tlon 1S the squadron !ront (V or V.ts stacked down), ln which there are no lower !allowing 

I 

P.lements or the rormatlon to be epdangered by cluster parts. Th1s !ormation has been used jn 

Italy wlt.h ITBrked success with quick;_openlng clusters. The a~mab111ty of qu1ck-open1ng clusters 
rrom eooo teet or less 1s qu1te sat1s!actory. Howe¥er, lt must be noted that the errect1ve 
area or the qulck-open1ng cluste in !ormation patterns conta1ns about 65% to 75% of the 
bombs, while tne errectlve area of the a1mable cluster contains from s~% to 90% of the total 
bombs. Thererore. rrom a tactical s andpolnt, 1t appears tnat 

(1) ~lck;...open1ng clusters sfiouild be used on releases from deck-Ievel to medium altitude 
(aooo rt.) 

Type or target I 
Penetrab111 ty. 
F1re-a1v1s1on areas . 

clust rs may preve to 
or 1nsu!!1clent v1olen 

blnatlon 

to t>e 

lb. 
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e. Formations and Altitudes. - The ronnatlons to be used and the altitudes !lown are 
usually tact1cally dictated 1n the combat area, due to defensl consldePat!ons. The neces­
sity for closely conslderlng tt1e formation is clearly 1nd1c ·ted ln the tactical patterns 
discussed ~n tbe precedlng chapters. T.tier.erore, wnen defens ely permissible the tactical 
forrnatl on sl!ould be selected for a11 incendiary m1 slou on the sls or tar et coverage. A direct 
relat1oush1P exists be tween alt1 ttlde ar d forma tons; stiLe , .as the al t1 tude increases, the 
o1f!1cult1es of ma1nta1n1rlg a tight formation ormat1ons at alt1tudes or 2S,OJO , 
feet are usually looser than at 10,000 reet. Tile r ore, reak...C) tn pattern may: develop and an 

Jucrease in patteFn s1ze usual:Ey occurs with a cor espo ding decrease 1n bomb density. When 
Pl~clng 1ncet.d1ar1es on any. target area, ttJe tact al element, wnetber lt 1s 3, 9, or 18 
airplanes must be considered as the patter-n unit. Th~ xpectad pattenn rrom t~ls ur.1t must be 
evaluated agalnst the tanget area in order to determ cov.erage and density. Wlth a knowl­
eage or the type or target 1n relation to 1ts· lniiamm b1I1 ty and penetratlon, the area or - . 
coverage can be a~ran~ed o'y fl1611t plots of the tactlc formation to Je r1owr1; and~ wltb 
k.r1owledge or bombs re,~ulred P€r ven area to sau rate he !1re defense, the altltude ana 

~ 

lr1tervalometer se tt 1u&,S can be dec1<:1ea • . ;J:t1USt the ~t~ct~cal recomrnenda.tlor as to altl tude and 
rormat1ou for optimum results can be determlned, as 1nd1ca d 1n the t>reced1ng lllustrat1ve 
example . 

. .... 
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e. Formations and Altitudes. - Tl1e rorrnatlons to be used and the altitudes !lown are 
l 

usually tactically dlctated ln the combat area, due to defens 1 conslderattons. The neces-
sity for closely considering the formation ls clearly lndlc ted :1n the tactical pat:,erns 
dlscussad ~n the preceding chapters. f.I'l)ere!ore, wj"len defens ely permlss1ble, the tactical 
formati on sr1ould be selected for an 1ucend1ar.y m1 slon on the sls or target coverage. A direct 
relationshiP exists between altl tude and forma rons; s1rtc , ~s the altitude increases, Li1e 
d1ff1cult1es or ma1nta1n1rl~ a tlght rormatlon crease. ormations at alt1 udes or 25, JO 
feet are usually looser th~n at 10,000 teet. Tl1er ore. b ~aks in pattern may develop and an 

.Increase 1n pattern slze usually occurs with a corliespo ding decrease 1n oornb density. When 
plac.1ng 1ncand1ar1e s Oil any ~aPge t area, t he tact a element, whether lt is 3. 9, or 18 
airplanes must oe consider ed as the pattern un lt. The pected pattern rrom tbls un1~ must be 
evaluated -against t he tar ge t a r ea 1n order to aet erm coverage a11d density. ~ttl a knowl­
edge or the type or tar 6et 1n relati on to l t s 1r1fi m blllty and penetration, the area or 
covercfge can be ar:cant5ed by f l 1gl1t plots of the tac ti c I r or matlor. to tJe tlowii: and, with 
knowledee or bombs re ~u lred per gl n a r ea to sat;~ r.ate 1e r.lre de fense, the altltude and 
1r tervalometer. sett l ugs can be oecltleti. Thus , t he act leal recommenaatlon as to altitude and 

' ' 

!orma tion ror ortl n•urr, r esults can~ be determi ned , as 1na1ca d In t!je prece~tng tl:lustrat1ve 
exampl e . 
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tudes. - The formations to oe used an .tt1e altitudes !lown are 
usually tact1call;y dictated in tl1e combat area , due to aefensl conslderatlons :=Tfie nec~s­
s1t~ for closely conslderlng the formation ls clearly 1nd1c ted lr1 the tactical pat:erns 
discussed ~n the preceding chapters. Therefore, w11en defensl ely permlsslble , the tactical 
formation st ouldbe sel~cted for au 1ucendlary m1 slon ort the sls or tar~-et coverage. A direct 
relat1onsh1P exists be tween al t1 tude and forma lons; s1uc~, as the al tl tude increases, ttJe ­
a1ff1cult1es of malntalnlrl ~ a tight formation 11c ~ease. ormatlons at altitudes or 2~ , ooo 

' . 
feet are usually looser than at 10,000 feet. TI1er OPe. b 'e a~~ ln patt~rn may develop and an 

~ increase 1n pattern size usually occurs w1t:.h a cor e~po d1nb decrease ln bomb density. When 
plac1I g 1ncend1ar1es or1 a r y targe t area , t he tact cal e l emen t, whether 1t 1s 3, 9, or 18 , 

airplanes must be consider ed as the pattern un1t. The xpec t ad patter.n from tbls ur,lt must be 
_ evaluated agalnst t he target a r ea l n orde r t o de tenn~t¥ cover age aud dens1t:;. W1tt1 a krlOWl­

edge or the tJPe or tar6 et 1n rela ti on to 1 t s lnfl amwablllty a r d pene tration, t!te area or 
~overage caH be arran0 ed b y f l i gh t plots of the t a c tic 1 rorma tlor ... t o ue flOWI1; and, 1.-1!th 
knowledie of bombs re u:tred pe r g iven a r ea t~sar;u r:ate ~e ( lre de f.ei se, the al.t.ltude and 
lr.tePvalometer sett1n~s can be dec lcted. Tt1us, the tac tl cal \ Pecomrnendatton as to altltuoe and 
rormatlon for optlrrsurr, results can. be determined . as lnd1 cae~a . 1n t he Pr~cealu~ 1llustrat1ve 
exampl e. -

f. Records. - In vlew or the raet that 1ncend1a r y bom"tllng t o d!3-te tiy our Alr Forces~ 
has ~ een c ot1!!ned ch i e fly t o use of t.ttP lOO- ltJ., H47A2~ eompla t e .and thorou~ tncend1ary 
damage assessment r ecor ds for all tJpes or bombs are not ava1labl!e . It ls urger.cl · rec ommended 
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,. 

• 

. .. 
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CONFIDENTIAL ---, 
I 

RlPtrt 

The following list contains the principal published 1nformat1on used 1n 
preparing thls survey. • 

1· The theory of primary f1re-ra sing with small 1ncend1ary bombs, Dr. R. B. Fisher and Dr. J •. 
Bronawskl (R.E.N. 307) 

NOTE: wfuE.n stands for nResearctl and Experiments", a department under the British Mlnlstry 
or Home Security. 

2· Target vulnerability notes, D1v slon ~E.e of the M1n1stry or Home'Secur1tY. at Pr!nce•s 
RlsboPough, England. 

3· Revised e$tlmates or the apparent at1o or effectiveness or IB to ~ in causing wvtslble" 
damage, REfH 81· 

4· The theory and tactics of 1nc~nd1~y tomblng, R. H. Ewell (TDMR713}. 
5· Incendiary attack of German Cities. Directorate or Bombing Operations, Dtrectarate or Atr 

Tactics, Al:r l11n1stry, London, - Engla!l:d. 
6· Japan- Incendiary jttack Data - October Intell~&ence. 

7• •To~o Flre" (1923) - Boris G. La1m1ng. 
8· IE File or the ~F Board (No. ~71.6). 

g. Notes and letters ln IB File or Lt. Col. T. Enter, AAF B~rd. 
10· Memorandum on JB' s, Ope rat tonal ·Research sec t1on or the eth Bomber Comnand (7 July 1943} .. 
11· Some notes on RAF exDer1ence with 1nc~nd1ary b~rlb1ng {ORS VIII ~C}. 
12· Memorandum on the use or mixed loa~s or »E and TB tn B-17 and .B-e4 ORS (Ylfl 

)lCl 15 November t943C · · · 
13· ~F1t1sti comments on DugWay tests. 
14· #>rlt ish lntormat ton on the ·errrc1ency 
15· ~r!tclency or 1ncend1ary bombs. 
*Items 13. 14 , and 15 were 'Jhtalned rrom Develop tent Corpora­
·t lon, Elizabeth, New Jersey. They consist or our Items {two 1nclutled in No. 1~), designated 
oy the Reference ;umbers PDN 1706, SB 38437. RDN 1~07, and PDN 1850· 
1 ·• M59 Bomb requirements Major u. & Adams and H. o. Hottel, 

NDRC. 
17· Repor:.t on penetration tests. rr. M. R. 41~ · . 
16· Bomb ,disposal technical 1nformat1.on. Bul:te. t~ 1n Aberdeen Prov1n~ 

Ground, Md. 
g. A cws Intelil ence. liulletin on captured enemy material (Apr11 . 1944} 

20· Reports on AAF- Board projects (M-5) 54 and (H-~) 140 (A1mable clusters or · ... 
21· "Re1.a Ion-l>etween aens y 01 111c na!ary attacK an<f namag. tO nu1101n-gs, Mil 

Re or,t No. 61774• 13 OCtober L 43, London. (M111tary Intelligence Dlvlslon. ~'D'S)· 

2o •. '11le opt.lmum dens 1 ty of lncenala.ry oombs, Jncend1ary Bomb Pane 1· ~27 April 1 .. t4=--~. tt111 tar~' 
~ 

At tactie • s Report No. s. e London, . h~la.nd. 
.. 
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