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EXPERIHENTAL DATA FORNING THE BASIS FOR THE BONBING TABLES 
BT-1100-A-3 

FOR THE 
BOMB, DENOLITION, 1100-LB .• JVI33 

Abstract 

This report records the essential data on~which the bombing tables, 
ET-1100-A-3, are based. A short description of the bomb is given as well 
as the mechanical constants of the bombs used. The methods used in range 
bombing and the :.1ethods of obtaining essential data are described. Also 
given are 'the methods usr::d to determine the ballistic coefficients, as 
well as the methods used in constructing the bombing tables. Graphs 
showing the results of range bombing and graphs showing the fitted C : Y 
relations are included. 

I. Purpose of Report 

The purpose of this report is to record the essential 
details of the experimental work, the computing wet!lods and the 
experimental data upon which the bombing tables, ,.BT-1100-A-3, fpr 
the Bomb, Deruoli tion, ll00-l15·., M33 are based. 

PROPEHTY O:F' U. S . AIUC'l 
STINF'J BIUJ1Cl1 II. Description of Bombs 
""·"''r. I'':"; If""\. 2lOJ5 _[)L._,..,' -·-- "'"',. .L.'Q....J 

The Bombs, Demolition, 1100-Lo., M33 used in range bombing 
for the bombing tables, BT-1100-A-3, were made in accordance with 
Ordnance Department Drawing Number 82-0-15,·dated September 27, 1934, 
and subsequent revisions, includin.::; that of Nay 14, 1940. 

The bomb is a standard demolition bomb of the cylindrical 
M30 series. The bomb body is made of steel and is 0.43 inch in 
thickness in the cylindrical part. The bombs dropped during 1938 
and 1939 were assembled with Fuze, Bomb, Nose, Nl03 and Fuze, 
Bomb, Tail, M102. The Ml03 Fuze is an instantaneous-short delay 
nose fuze to be used with the l\t series demolition bombs. Both.: .. 
the 11103 and the N102 Fuzes are vane type fuzes~ All the bombs 
dropped in this range bombing program during 1938 and 19.39 v:ere 
equipped with aluminum box-type fins. The bombs dropped during 
1940 were assembled r,rith Fuze, Bomb, Nose, J¥1103 and Fuz.e, Bomb, 
Tail, Ml06. The Ml06 Fuze is an inertin-plunger type fuze with 
a 45 second delay.. All the bombs dropped during 191~0 were 



) 

··,\ 

equipped VIi th steel box-type fins. Although the drawings cited 
above specify that the bomb body is to be filled vrith TNT, corre
spondence 00 471.623/2791 dated April 14, 1938, specifies that it 
is to be loaded with 50/50 Ama tal. The ratio of the vreight of the 
50/50 Amatol bursting charge to the total weight as dropped is 
54 per cent. 

III. Preparation of Bombs 

The empty bomb bodies with their components were shipped 
to the Proving Ground where they were inert loaded and .their 
components assembled. In order to obtain the highest uniformity 
of flight of which the bombs are capable, it is necessary that 
the variation in mechanical constants from bomb to bomb be kept 
as small as possible. In order to accomplish this, the bombs 
were loaded with a mixture of sand and soot in which the 
proportion of the two materials was adjusted to give the mixture 
a density equal to that of 50/50 Amatol, so that the specified 
weight of the completely loaded bomb was obtained Ylhen the 
cavity of the bomb was completely filled. Before being loaded 
into the bomb, the mixturp was carefully blended in order to 
secure a uniform density. 

' That this method is adequate is indicated by the values 
of the mechanical constants given in the next paragraph. 

IV. Nechanical Constants of Bombs 

The mechanical constants of each bomb were determined 
before it was loaded into the airplane. The detailed results 
of these measurements are given in Appendix A. A sumrnary of 
the results for the Bomb, Demolition, 1100-lb., .H33 is given 
in the table below: 

1 A more complete descri?tion of the method used in order to control the 

mechanical constants of the bombs used in the range bombing program is given 

in a memorandum prepared in the Ballistic Research L'iboratory: 11 Procedure 

for Determination of the Hechanical Constants of Bombs". 
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Weight Distance Homent of Horaent of Inertia 
Complete of Center Inertia about about Transverse 

as of Gravity Longitudinal Axis through 
Dropped from Nose Axis Center of GrdVity 

lb. in. lb.ft. 2 lb. ft. 

Aluminum Fins 

Mean 1104.9 26.56 399.4 
.. ,. - - 1799 _). 

Standard 
Deviation 7.33 0.20 4.6 26 
Maximum 1114.9 26.90 404.0 1846 
Minimum 1088.9 26.25 388.2 1753 

Number 
of Bombs 18 7 18 18 

Steel Fins 

Mean 1115-4 26.84 390.8 1901 
Standard 
Deviation 6.15 0.24 4.0 23 
Maximum 1126.9 27.27 410.0 1936 
j·Unimum 1106.1 26.43 39A.6 1$54 

Number 
of Bombs 14 14 14 14 

These statistics refer to all bombs for l'fhich a ballistic 
coefficient with respect to any elenent vrG.s obtained. The 
actual variati:~:ns in 1Seigllt of these bo~1.1bs do not affect 
their flight characteristics sufficiently to cause a 

2 

variation in ballistic coefficient large enough to be detected 
by the methccls for estimating the ballistic coefficient which 
were used in the reduction of field da t<i. The variation in 
center of gravity position and t10r.1ents of inertia ',voulcl, if 
sufficiently in excess of that for the present bo~bs, affect 
the yaw of the bombs and thereby the dispersion in the eJ,ements 
range, time of flight and trail. The small dispersion of the 
mechanical constants for these bombs i::1clica..tes the efficacy 
of the nethod of loading described in this report. 1 

l. A more complete description of the method followed in controlling the 
mechanical constants is given in Ballistic Research Laboratory Report No. 190: 
"The Computation of the Mechanical Constants of Bombs." 
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The center of gravity positions of the bombs su~narized 
above were measured with fins and. fuzes. Ho·;yever, the other 
eleven bombs with aluminum fins had their center of gravity 
positions measured without fins and fuzes. The follm-dng bombs 
had their center of gravity positi0ns measured without fins and 
fuzes. 

Program Date of Distance of 
Group Release Center of 

Serial Run Number Gravity from 
Number Nose 

in. 

KS-126--3 8/19/38-3 26.51 
10 5 26.46 

9 6 25.82 
11 8/22/.38-2 26.44 
12 8/23/38-2 26.49 
13 8/29/38-1 26.41 
14 5/24/39-1 26.34 
15 2 26.51 
.i6 3 26.50 
17 4 26.50 
18 5 26.47 

V. Description of the Rang~ Bo2nbing 

The bombs in this r~nge bombing program were dropped 
from the B-18, the B-18A, and the B-17B airplanes at a target 
anchored in Bush River in such a position that the release 
points were in the fields of view of the Vertical and Oblique 
Cameras Obscura. The direction of the ap~roach to the release 
point on all runs ·.vas from southeast to north1ves t within 11°. 

On all approaches- on vvhich bombs \'.rere dropped horizontal 
flight was maintained as nearly as possible. In all cases with 
the B-18A and the B-17B airplanes piloting was done by means of 
the automatic flight control equipment. In all cases with the 
B-18 airplane piloting was done by :manual control. 

In these air:pl<lnes the bomb racks are so arranged that 
the longitudinal axis of the bomb is nearly parallel to the 
thrust line of the airplane, Hence the initial yaw of the 
bomb in the vertical plane is nearly equal to the angle of 
attack of the airplane. 

On all approu.ches ·:ri th both the B-18 and the B-l8A airplanes~ 
the bombs were carried in the rear bank of the bonb racks. l:he 
center line of this rack is 12.8 feet to the rear of the point 
formed by the junction of the front edge of the wing with the fuse-
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lage of the airplane, this junction being the point on the airplane 
plotted in the cameras obscura. The corresponding distance in 
the B-l?B is 6.4 feet. 1 

All bombs were dropped according to the current standard 
practice of the Air Corps,-using the current standard bomb 
sight and a target in Bush River as an aiming point. The 
results of this range bombing are shovm in Appendix B. For 
the purpose of this report, the displacement of the center 
of impact with respect to the target is of no special 
significance. The dispersion about the center of impact and 
other data summarized in Appendix B are, however, of con
siderable interest. 

The bombs dropped were divided into groups and the 
endeavor was made to have the altitude and air speed within 
the group approxi:nate as nearly as possible to certain 
specified values. These VG.lues we::::-e·described as the stan
ddtd altitude and the standard air speed. 2 

The number of bm:~bs in e<J.ch group and the standard 
altitude and standard air speed for each group are given in 
Appendix D. Tne reasons for the selection of these standard 
altitudes and air speeds are given in Sections VI and IX of 
this report. 

The range bombing vms conducted by the following: 

Pilots: 

Capt. D. W. Watkins, A.C. 
Capt. M. J. Lee, A.C. 
lst Lt. L. H. Tull, A.C. 
lst Lt. R~ Billings, A.C. 
lst Lt. G. Hatcher, A.C. 
1st Lt. M. Cooper, A.C. 
1st Lt. H. Estes, A.C. 
W.O., J. A. Lee, Sr. 
W.O., S. C. Smink 

Bombardiers: 

Capt. C. S. Thorpe, A.C. 
1st Lt. M. F.SumQerfelt, A.C. 
W.o., s. c. Smink 

1 The effect of bomb bay release position on the estimated values of the 
ballistic coefficients is discussed in Ballistic Research Laboratory Report 
No. 136: 11First Progress Report: On the Method of' Reduction of Observations 
on the Elements of Bomb 'I'rajectories." 

2 Compare the usage of these terms for statistical purpbses in Sections 
VIII and IX of this report. 
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Proof Officers: 

Lt. Col. K. F'. Adamson, O.D. 
Capt. J. H. Weber, O.D. 
Capt. J. G. Shin~le, Q.D • 
l~t Lt. J. A. B~rclay, O.D. 
lst Lt. J. D. Armitage, O.D. 

VI. Ground Observations 

The primary ground observc.tional equipment employed was 
the Camera Obscura Installation.~ The position of the aircraft 
in space and its components or.~ velocity •uere fundamental da tn 
obtained by reduction of observatL)ns made with this equipment. 

The field data for determinations of times of flight 
were secured by the chronograph installation housed in the 
Vertical Camera Obscura. The instants of release and i~pact 
were recorded by this chronograph-hydrophone system which has 
been in use in the present form since 1937.~ In addition the 
field data for determination of the time of flight of 1 
bomb were obtained by the Western Electric Camera Clock. 
The camera photographs the inp.:tct of the born-o on Bush River 
and the clock face within the camera at the s2.we instant. The 
clock in the camera is started by the same radio release signal 
that is rE~cordeci by the chronograph-hydrophone system cited 
above. The rate of the ca::era at this time Virts approxim<::.tely 
150 frames per second. 

The coordinates of the impacts referred to tl1e camera 
coordinate system ·:rere obtaineG. by the ground observers by 
means oi' azimuth instruments on three tovv:-:rs alml[; the shoi'e 
of Bush River and vere furnished to the Bombing Unit of the 

i A basic description of the Camera Obscura Installation is given in the -.r 
··~t "First, Second and Third Progress Reports on Bomb Trajectory Study by the 

Camera Obscura tJ[ethod" by Frank Short, F. V. Ludden and S. P. \~illan. The 
equip~efit has been extensively modified and improved during 1938 and the 
current equipment and its accuracy are described in Ballistic Research 
Laboratory Report No. 144: "First Progress Report: On the Accuracy of the -
Camera Obscura Installation for Obtaining the Initial Data of Bomb Ballistics,.'" 

2 The calibration of this system and the measurement of the systematic 
errors to which it is subject were carried out in 1938 and are described 
in Ballistic Research Laboratory Report No. 130: "On the rJ!easurement of 
the Time of Flight of Bombs.·" The absolute accuracy and internal precision 
of the method in actual practice has been determined recently and the results 
are given in Ballistic Research Laboratory Report No. 211: "Comparsion of 
Measures of the Time of Flight of Bombs by the Camera Obscura Chronograph 
and the Western Electric Clock/" 
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) Ballistic Research La bora tory. The ground observe.rs also 
provided the dispersion data with reference to the target 
and t1te reduced meteorolosical datu for secur corrections 
to the elements tabulated in the bombardier's approximate 
bo:nbin.; tables. The latter results ;::~re graphically summarized 
in Ap:9endix B, 11 Pri~;ary Results of Range Bombing. H 

.- The field data necess.:ry for the reduction of the effects 
of non-standard meteorological condi tior ... s were obtained from 
two sources. The data secured by cai!lera observers ·were 
coorc.in:.1tes on the camera plotting boards of smoke puffs at 
regUlar~-- tLne intervals for a series of altitudes, to be used. 
in o~t;;iining ballistic winds; the velocity and the direction 
of the wind at the et:!.rth' s surface; and the temper<i ture, the 
relative humidity and the barometric pressure of the air at the 
earth's surf2ce. The data secured by the Range Observati·:m 
Section observers were the _spatial positivns of a ba.lloon at 
regular intervals, and the veloci t:r and direction the 
wind at the earth's surface. The temper:~ ture und barometric 
pressure at a series of altitudes were obtained from the 
bombing flight rec of the bombardiPr. These data were 
partially reduced by the e Observ;1 ti ,Jn Sect2.on 3.nd were 
furnished to the :Bombing Uni in the form of tables of: 

(l) The actual wind crnJponents at a series of altitudes, 
and 

(2) The density of the at a series of altitudes 
relative to standard ordnance air ity structure. 

The actual wind components vrere taken along a fixed line of 
lmown azimuth in the bombing lane, with c.~.he sign sitive when 
taken alan~ the direction or t positive taken to 
the right. The ~:~ctual wind cOIJlJOnents <.cnci the densities 
were obtained as near to time the bombs vtere dropped as 
was practicable. 

Field data on range bo:Jbing with the Bomb, Demolition, 
1100-lb., 1-133 for tl:te bo:::::.bing tables, BT-1100-A-2, were 
obtained from the progr::tm carried out between June 6, 1938 and 
May 24, 1939. This included range bouoing at 2,000, 5,000, 
10,000 and 15,000 foot altitudes. The advance of ballistic 
theory and increased accuracy of measurement during 1938 and 
1939 showed that better results can be obtained from groupings at 
the maximum obtainable altitude oi release, a central altitude 
and a low altitu6.e. Therefore, betwe_n July 6, 1940 and r:ovember 
20, 1940, range bombing "i'/a:~ carried out at 10,000 und·25,000 
foot altitudes in accordance with the program outlined .:n the 
2nd Ind. to file 00 471.3/1764. These two altitude o:1ps with 
the four altitude groups used as the b~sis for the bo~bing tables, 
BT-1100-A-2, comprised the range-bombin,g ta for the bombing 
tables, BT-1100-A-.3. However the 15,000 foot altitude group 
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was given a weight of zero. This was done because the bombs 
in this group were equipped with aluminum fins and it was found, 
as the result of st:1bility tests at the Proving Ground, that 
the r-1:33 bombs so equipped were unstable in flight when dropped 
from this altitude.~ Field data for both range and time of 
flight v1ere obtained and trail determinations vrere made wherever 
possible. A total of 32 runges,~ 28 tioes of flight and 27 
trails was obtained. 

VII. Reduction of Field Data 

The data secured by the ground observers at the cameras 
were utilized to obtain the position and velocity of the air
plane at the instant of role:tse. The d~l ta secured by the 
ground observers at the azimti th· instruments \'l'ere utiliz:8d to 
obtain the positions of imp<:~:: t of the bombs. The time ir.II:;ervals 
obtained from the chronogra;h strip were employed to determine 
the uncorrected interval between release and ir.1pact. The time 
intervals from the Western Electric CaQera film were likevise 
utilized. These data were then corrected for instrumental errors.? 

VIII. Determinntion of Ballistic Coefficient 

The reduction of field data furnished values of range 
and ti:ne of flight correspon(ing to a certain set of knmm values 
of al ti tuc~e rmci ai: SJ?eed, but cm~~a ~nir:.:~·4 the effec,ts, of~ depn.rtures 
from stanuard lx:.lllstlc table conG.ltlons.. The r;J.etnoc 01 

reduction of field data in order tc obtahi ballistic coefficients 
with respect to range, tiii!B of flight <J.ncl trail is cl.iscu5se6 very_. 
briefly in Ballistic Research Laboratory Report No. 191.. The 

1 As a :.result of these stability tests steel fins were classified as standard 
components for all demolition bombs. 

2 On October 22, 1940, Run ~lo. 3, KS-126-6, the measured range was gree.ter 
than the range in vacuo which indicated a probable lag in bomb rack operation. 
It was therefore not included in the mean. 

3 The character of these instrumental errors is discussed in Ballistic 
Research Laboratory Reports No. 144, 130 and 211, previously cited. 

4 Standard ballistic table conditions and standard bombing table conditions 
are discussed and compared in Ballistic Research Laboratory Report No. 145: 
"On the Theory of Motion of the Bomb." 

5 The method of reduction of field data in order to obtain ballistic 
coefficients with respect to range, time of flight and.trail hG.s undergone· 
considerable evolution. The reports from which the precent methods were 
developed include: Ballistic Research Laboratory File E-IV-3, "Explanations 
and Comparisons of the Camera Obscura Methods of Computation"; 11 Co:nputation 
of Firing Tables for the U.S. Army"; und· Ballistic Rese~<.rch Labor~<.t_ory 
Report No. 136, previously cited. 
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computation of the ballistic c c::.:~ticients is carried out by rce.;..:::_~ 
of a Bomb Ballistic Reductim: :::-.:::::..e ·,·thich ·:1as prepared in the 
Ballistic Research Laboratory. 1 

In ~ccordance uith t~e ;. rem..-~rked <1 bove the 
balli ic coefficients corres :~ ==--~- the r~m;;es, ti<nes of r:.:.i.."!:t 
und trails were then deduced ~~~ e~ inCivi l bodb. From 
coefficients the es, tin-s ;ht ils we:r'e then 
computed for the stand;c.rd ~.:;.1 t:.. :·.:.-.:..::: tLnd .:o tandard air s ed of tl-:.:;:.-
group to vrhich the bomb belon~-:: _. These are C<'.lled n stanclc.:::: 
ranges,,, the nstandard tiues ::.:· .::::._ight 11 :1.nd tile 11 standard trai:..::: ~:, 
or in general, the 11 standa :::·· sn and are given in Appendi=~ 
C together with the corres _:_~~ ballistic coefficients. This 
appendix also 11::> t the pro .• group, se ':.. number 
stamped on the bo:~lb, the du.ts _ :·elease ;.J.nd run nui11be:r, 
last two providing for comp~~is:~ ~ith Appendices A and B. · 

The standard elements 
correspond thefteto contai~ 
instrumental inaccuracies anG 
bombing table cc;:Elitions :·;L:;. 
advdnce.. Hovvever, the e1' ct.s 
partially removed by the proce 
bombinG table$. 

the ballistic coefficients 
- e:·rects of cert~1.in unknovm 

c~ certa departures from standu~~ 
s not feasible to remove 

se sources of spersion w~=e 
·.~;-',ed. for construct of the 

IX. Construction of ~~~·~s 

The experinentul d2.t::.. ,c:' ~~ \thich the llistic coeffic ts 
with res ct._to , t o:~ _::._ijtt and trail vrere deternined 
fell into 5 altitude croups. ~~ ;~Jups were standard 
altitudes of 2,000, 5,000, 10,:: , 15,000 25,000 et. The 
dep(mdence of the ball is tic ient upon altitude release 
was determined from these 5 

The mean s 
and altitude were 6 
standard element is 

air speed 
The mean 

standard ele~nents. ~c.r.u ::.~:.-:.:. .. · st.:::.:.J.d<:.rd us in 
cmaput the !1!ean ~ t:~ndc.:.rd c: ~.~~=~ ·.: ~~ had been reduc to tll.e group 
standard altitude trtl.e L~-- .: -~::.'<:~d. The use 02~ !EGan 
standu..rd elements redul.!es tl:e _:· :-~ .:c.~r-~ce of the ;.tccic1ental errors 
in the individual star:cd~:rG. el,;:;. ::~ upon eleL:ent tabulated 
in the bombing table. The bal:.~ :~c coefficients correspondi~g 
to these mean star1do.rd ele!::.er.: . .: c'~:.:; then dedncecl. The forms of 
the functional de~:,endence upo:: :~:::...::. -:1..::.C.e of throe ballistic 
coefficients hove been :~···=' ~~··etictJ.lly vt::r11 1 
empirically. 2 The lift is tl:-:: .:::~:.-.:;:,,_:: mc-.:.inly responsible the 
character of the v<>.riation of ·:,_o.llistic coef ients · vri th . 

1 A discussion of the ballistic c:-E::·:..:ients corresponding to r~cmge, time 
of flight and trail is given in ll!..~::.: R~search Lcboratory Report Uo. 143: 
"Errors in Trail Resulting from _.,: hither the Measured Rl:.nge or the 
Measured Time of Flight." 
2 The derivation of the form of the.E-E·. :·:::l~:..tions between the btillistic 
coefficients and the altitudes of re.::..-:: ·_,, ,, is disc~::;sed in Ba.llistic Research 
Laboratory Report No. 145, previou:::.::...:;- :::.:~'d. 
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altitude. The lift is due to the yaw .arising from the initial 
angular velocity of the tangent to the trajectory. The effects 
of lift are allowed to remain in the ballistic coefficients 
corresponding to the mean standard elements. The funct:ional 
relations referred to are: 

= c~ 

= 

''· 

k t.GA. 
---....:E.. 

These curves each contain tno irical :1uantities lt and CeQ • 

The subscript co refers to mean effective ballist coefficient 
for infinite altitude, ~nd k is a par~meter determining the 
s~ape of the curve. 

the values A new procedure for estima Cx , CT , Cf. 
>o:; a: '1:11) 

~-.kx, k.r' ·and kA. was in use when these bo~·.:bint;; tables vvere computed. 

The first modifiC<1 tion consisted chant;ing method of 
v1eight the points. The earlier procedure assigned :!ieights 
proportional to the product of the number of bornbs in group 
and a f;_lctor dependent upon a priori considerati.cns of the 
probuble c.ccuracy of the determinu.tion. No ucco"Lmt wa.s taken 
of the fact that the probable error of borJbing is v.n increasing 
function of the altitude of release. In consequence, unduly 
great weight wa.s attached to the grcups of bombs at the high 
altitude. The nev1 procedure for range trail used weights 
proporti to the product of the nui:--,ber of bolilbs in group, 
a factor pendent upon ::~ priori consic(erations of the pro·oa.ble 
accuracy of the determina ticm ri.nd the reciprocal of altitude of 
release. The new procedure for the of flight useci ··:re 4 ghts 
proportional to the product of the number of borabs in the group, 
a factor dependent upon a priori ~onsiderntions of the probable 
accuracy of the determination, the reciprocal of the altitude 
and the standard true air speed. The second modification consisted 
in a change of the functions to be minimized. The function 
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minimized in the earlier procedure was the sum of the weighted 
squares of the residuals of the reciprocal ballistic coefficients. 
The function minimized in the ne·11 procedure ·.vas t!le suu.1 of the 
weighted squares of the residual differences between the mean 
standard elements o.nd those elerc.ents which would result fron the 
use of the bo.::bing tables.~ This modification has resulted in 
much smaller ;Jrobable ballistic errors for bombing tables.~ A 
considerr;.ble ililprovenent in the accuracy of the bombing t<ioles _ 
has resulted therefrom. The improver!'lent is shO"·:m by the mu.gni tude, 
as compared ·uith earlier boribing tables, of the differences between 
the observed mean standard ranges, times of flight and trails, and 
those elements which vvould result fror_c1_ employment of these tables~ 

The values CX , CT, C'"'- ,kx, lrT and kA. were. deduced.~. b:,~ the 
"'cc .co co 

new procedure described above. The value5 were: 

= 2.52? ; 5-145 ; 

kx- = -16.148 ; ~r = 2.321 ; kA. =-6.963 

The observed and fitted b~cllistic coefficients are 
compared in Tables 1, 2 an& 3 of Appendix D. The relations 
between the fitted ballistic coefficients ~nd the altitudes of 
release are sho\ffi in Plots I, II and III of Appendix D. The 
fitting provides for obtaining the ballistic coefficient for 
any altitude or' release. The actu.":ll points on the plots in 
Appendix D are shown by dots Qnd their probable errors by 
horizontal strolces pLiced on the sides oi' the c.ots. The computed 
C : Y relations are sho·Nn by 'r"eavy lines. The dotted lines 
furnish the proba'cJ1E~ error of foreCciSt b'ti1.c1;>. '!'he band is 
determined by addition and substraction of the probable error 
of the computed C : Y relation from the curve. 

The construction of the Table of DS followed general 
instructions given in file 00 06.3.2/4524(Confidential). The 
trail angles, tiTrte s of fliGht and. dropping ungles were obtained 
by interpol;-,ti-:m wit:rt the fitted C : Y rel.::>tLJns ~~n the Bomb 
Ballistic .Auxiliary Tables, computed in the Ballistic Research 

1 The new procedure is described more completely in Ballistic Research 
Laboratory Report No. 136, previously cited. 

2 The ballistic error is a term originally used by British ballisticians 
to denote the difference between the bombing table range and the mean 
standard range for the same conditions. The ballistic error is denoted by 
X-Xf in this report. 
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La bora tory. These tables give tr<-iil angles, ti::nes of flight 
and dropping angles as functions of the altitude of release, 
Y; the calibrated indicated air speed, VJ or true ground speed, 

V ; and the reciprocal ballistic coefficient, ~· The intervals 
' g 

of the arguments used in the Bomb Ballistic Auxiliary Tables 
are the same as those used in the present series of abridged 
bombing t<ibles. The small differences betneen the observed mean 
standard ranges, tin:1es of flight <lnd trails, and those elements 
which would result fro:J employ::;ent of these tables are shovm in 
the columns X-Xf' T-Tf and A.-A.f given in Tables 1, 2 and 3 of 

Appendix D. These differences are cor:1pared HitL the probable 
errors of the observed mean standard elenents in plots IV, V 
and VI of Appendix D. The i:np6rt<:mce of e1:1ployme:l t of the fitted 
CX : Y, CT : Y and Ct. : Y curves is sho·;m by the small 

y y y 
magnitude of these differences. 

Tr~e range of argUElents included in these b·-Jmbing tables, 
BT-1100-A-3, i::; indic:~.tecl in th::: table belor,r: 

Speed Altitude 
mi./hr. ' ft. 

Element Hun- J'.'!:a:·:l- J·'llDl- ll[axl-
num mum mum mum 

--

Trail Angle 
(Calibrated Indicated Air Speed) 100 250 1800 35000 

DS 
(Calibrated Indicated Air Speed) 160 1200 36000 

Time of Flight I 
(Calibrated Indicated Air Speed) 160 1000 36000 

Dropping Angle 
(Ground Speed) 100 250 100 10000 

Provisional 

Trail Angle 
(CalibrG.ted Indicated Air Speed) 200 lyOO 1800 35000 

Time of Flight 
(Calibrat2d Indicated Air Speed) 160 320 1000 35000 

[f_i}-JI LuJJL~ 
E. S. Martin 

...§. ~r. --£?(~£} 
E: W. 'Crump 
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Appendix A 

Mechanical Constants of Bombs 1 

m 
X IL IT 

Program Date of Weight Distance Homent of l\toroent of 
Group Release Complete of Center Inertia Inertia about 

Serial Run as of Gravity about Transverse 
Number Number Dropped from Hose Longi- Axis through 

tudina1 Center of 
Axis Gravity 

lb. in. 11:l.ft. 2 lb.ft. 2 

KS-126--2 6/6/38--2 1092.0 26.55 401.0 1771 
J J 1105.0 26.90 403.1 1813 
1 6/14/38-1 1110.5 26.40 403.9 1834 
4 2 1098.0 26.76 40.3.6 1801 
5 6/30/38-1 1105.0 26.55 402.2 1812 
6 2 1110.0 26.48 403.4 1821 
8 8/19/38-3 1101.9 400.5 1762 
7 "-- 4 10911-.0 26.25 .399·7 1765 

10 5 1100.9 402.3 1813 
9 6 1109.9 403.6 1817 

11 8/22/38-2 1114.0 401+. 0 181+6 
12 8/23/38-2 1107.9 399.3 1753 
13 8/29/38-1 1106.9 397.6 1775 
14 5/24/39-1 1105.9 392.9 1798 
15 2 1088.9 388.2 1779 
16 3 1114.9 396.4 1822 
17 4 1109.9 392.2 1"'/90 
18 5 1111.9 394.9 1812 

1 7/6/40--1 1113.0 26.70 398.7 1916 
2 2 1126.9 27.17 394.9 1877 
4 7/10/40-1 1117.8 27.17 403.3 1923 
3 2 1119 • .3 27.27 397.5 1874 
8 10/22/40-1 1110.6 26.76 397.5 1909 
7 2 1115.6 26.56 L,.oo. 8 1920 
6 3 1113.9 27.03 399.0 1907 
5 4 1124.8 26.43 '402.2 1936 

11 11/4/40-1 1113.7 26.89 402.2 1878 
12 2 1106.1 26.75 394.6 1854 

9 3 1111.5 26.69 398.9 1903 
10 . 4 1123.6 26.69 410.0 1920 
13 11/20/40-1 1107.3 26.90 394.7 1882 
14 2 1111.0 26.72 402.7 1912 

1 Bombs dropped previous to 1940 had aluminum fins; bombs 
dropped after 1939 had steel fins. 

-14-
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I 
VJ 
0 
I 

I 

j 

Program 
Group 

Serial 
Number 

KS-126--2 
3 
1 
4 
5 
6 
8 
7 

10 
9 

11 
12 
13 
"14 
15 
16 
17 
18 

1 
2 
4 
3 
8 
7 
6 

Appendix C 

y u X T X ex 
Date of Standard Standard Standard Standard Standard 
Release Altitude True Air Range Time of Trail 
Run No. Speed Flieht 

ft. mi./hr. ft. sec. ft. 

6/6/38--2 10000 160 5735 25 ./+1 228 4.69 
3 5755 25.49 227 5.63 

6/14/38-1 10000 160 5704 25.12 191 3.69 
2 5699 25.10 191 3.55 

6/30/38-1 10000 160 5669 25.51 317 2.93 
2 5762 25.29 173 6.09 

8/19/38-3 15000 160 6854 31.68 580 2.46 
4 7004 31 .. 33 348 ft.83 
5 7033 31.53 366 5.88 
6 7019 31.3.3 .3J3~ 5.27 

8/22/38-2 5000 160 4l ,..." r 18.04 48 -6. ~b4 

8/2.3/38-2 15000 160 6834 32.06 6.39 2.74 
8/29/38-1 5000 160 4055 17.91 148 3.34 
5/24/39-1 2000 160 2616 82.4lT 

2 2606 11.25 3.3 9.79 
3 2616 11.20 13 98.90 
4 2628 11.2.3 8 -12.49 
5 2611 11.23 26 16.1;.9 

7/6/40--1 10000 160 5661 2Jy. 99 204 2.81 
2 571,.4 5.00 

?/10/40-l 10000 160 5722 25.25 203 4.17 
2 566Jt 25.17 243 2.87 

10/22/40-1 25000 200 11240 41.10 816 5.01 
2 10835 41.32 1285 2.15 
3 11584·1 41.12 

Not included in group mean for the reason given on page 8 of text. 

CT ex 

.3.55 3.97 
3.13 4.13 
9.70 5.00 

10.20 4-95 
3. 015 2.99 
4.75 5.41 
2 ./+8 2.47 
.3.60 4-13 
2.86 .J.97 
3.60 4.31 
1.94 4·46 
1.84 2.21 
2.85 3.15 

2.97 5.29 
5-4~ 13.64 
3.4 22.28 
3.40 6.89 

3.3.87 4.67 

5.63 4.70 
7.48 3~93 
.3.74 4-27 
3.25 2.60 
3.68 
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Appendix C (Conttd) 

y u X T A ex CT s. 
' 

Program Date of Standard Standard Standarc Standard Standard 
Group Release Altitude True Air Range Time of Trail 

Serial Run No. Speed Flight 
Number ft. mi./hr. ft. sec. ft. 

KS-126--5 10/22/40-4 25000 200 11366 41.35 764 8.25 3.18 4-57 
11 ll/4/40--1 25000 200 11412 10.79 
12 2 11089 39.76 572 3.38 21197'7 6.37 

'VfE 40.24 716 8.30 4.97 
9 3 ._, 1128.3 . 5. 81 

10 4 10650 .1.69 
. 13 11/20/40-l 25000 200 10846 41.05 1194 2.19 3.87 2.84 

14 2 11209 40.50 670 4.57 6.17 5.28 

~ 

/ 
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Mean Standard Elements of Altitude Groups and Relations 
Between the Ballistic Coefficients and the Altitude o:f Release 
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y 

• 
Standard 
Altitude 

ft. 

35000 

30000 

25000 

20000 

15000 

10000 

5000 

2000 
I ~ 

' 

u 

Standard 
True Air 

Speed 

mi./hr. 

200 

160 

160 . 
160 

160 

v 

Calibrated 
Indicated 
Air Speed 

Corre-
sponding 

to 
Standard 

'true Air 
Speed 

mi./hr. 

134.8 

126.3 

136.6 

147.9 

155.0 

N p 

Number \'Ieight 
of of 

Bombs Groups 

9 1.16 

5 o.oo 
10 1.72 

2 0.26 

5 0.86 

Appendix D 
Table 1 

Ran,.,.e •s 

X rx 

He an Probable 
St.:mdard Error of 

Range J•1ean 
Standard 

Range 

ft. ft. 

11103 60.0 

6959 25.1 

5712 8.1 

4120 43.6 

2616 '2 5' '.I .• 1 i.} 

ex rc 
X 

ex 
y 

X-Xf 

Ballistic Probable Value of Jl[ean 
Coefficient Error of Ballistic Standard 
Correspond- Ballistic Coefficient Range 
ing to f11ean Coefficient from C:Y Minus 

Standard Correspond- Relation Range 
Range ing to i-lear Carre-

Standard spending 
Range to ex 

y 
ft. 

3 .. 23 

3 .. 31 

3-49 0.472 3-41 11 

3 .. 55 

3.81 0.476 3.79 - 4 
3.85 0.225 4-27 -14 

15.04 35.06 5.98 28 

~7.80 75.46 28.88 2. 



I 
>) 

:--
1 

y 

Standard 
Altitude 

ft. 

35000 

30000 

25000 

20000 

15000 

10000 

5000 

2000 

. ~ 

__ _u_ 

Standard 
True Air 

Speed 

mi./hr. 

200 

160 

160 

160 

160 

.... 

v 

Calibrated 
Indicated 
Air Speed 

Carre-
spending 

to 
Standard 
True Air 

Speed 

mi./hr, 

134.8 

126.3 

136.6 

147-9 

155.0 

N p 

Number Weight 
of of 

Bombs Groups 

7 1.16 

5 0.00 

9 1.72 

2 0.26 

4 0.86 

Appendix D 
Table 2 

Ti""·le of Fli&eht 
T rT 

J·~ean Proba.ble 
Standard Error of 

Time of He~m 
Flight Stand<:ird 

Ti!ne of 
Flieht 

sec. sec. 

40.80 0.137 

31.59 0.092 

25.26 0.041 

17.97 0.04.3 

11.23 o.oo6 

CT rc CT T-Tf 
T y 

Ballistic Probable Value of Jl!ean 
Coefficient Error of Ballistic Standard 
Correspond- Ballistic Coefficient Time of 
ing to r{ean Coefficient from C:Y Flight 

Standard Correspond- Re1ation f.Unus 
TiEl€ of ing to Mean Time of 
Flit;ht Standard Flight_ 

' Time of Corre-
Flight spending 

to CT 
y 

sec. 

4-84 

4-81 

4.66 0.520 4.78 0.03 
' 

4-74 

2.69 0.2.37 4-69 0.43 

5.46 o. 698 4.60 -0.06 

2.31 0.295 4-40 0.16 

3.64 0.293 4.06 0.01 j 



y u v 

Standard Standard Calibrated 
Altitude True Air Indicated 

Speed Air Speed 
Carre-

spending 
to 

Standard 
True Air 

I 
ft. mi./hr. 

Speed 
mi./hr. 

~ 35000 

30000 

25000 200 134.8 

20000 

15000 160 126.3 

10000 160 136.6 

5000 160 147.9 

2000 160 155.0 

N p 

Number \-/eight 
of of 

Bombs Groups 

7 1.16 

5 0.00 

9 1.72 

2 0.26 

4 0.86 

Appendix D 
Table 3 
Trail 

A r-J!: 

He an Probable 
Standard Error of 

Trail He an 
Standard 

Trail 

ft. ft. 

860 69.3 

453 43.6 

220 9.6 

98 33.5 

20 J.9 

Cfi: rCA CA A-Af 
y 

Ballistic Pro-bable iulue of He an 
Coefficient Error of Ballistic Standarc 
Correspond- Bullis tic Coefficient Trail 
ing to fl[ean Coefficient from C:Y Minus 

Standard Correspond- Relation Trail 
Trail ing to Mean Carre-

Standard spondine 
Trail to C 

Ay 
ft. 

' 3.90 

3.95 

4-04 0.361 4.01 -6 

4-09 

3.20 0.315 4.22 110 

4-34 0.190 4·46 6 

4-73 1.629 5.12 8 

8.80 1.72 7.25 -4 --
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