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iz SECURITY INFORMATION
SCEATY

A long-term projeot has bean planzed to study
in detail the spatial distribution of frigasnts froo
a warhsad or caging of given spscifications, The
initial series have baen completed and ere discusmed
boiow, A formula is suggested as =& firat
approximation for estimating the angle of projestien
of & fragmant from its origin in ths cass wall and
the limitations of the formula will form the basis
for fwrther expsrizent, The rezults of these
smsll-soals trials ere ocmpared with ths reported
data from recent G,¥. trials,

DRIODIOTOOY TIE0RY
For may years & sispls formula for estimating the direction of throw
of fragzents, derivad from a theorctical treatasnt by Taylor (Ref,1), has
baex used with acms confidencs, Taylor oonsidors the detonation of an
explosive in an infinitely long heavy oylindricsl case, He asames a plans
detonation wave without reflected waves (arising frox expension of the gasaa),
that 13, only the detonation wave and aixple gas pressurs affegt the tube,
?he motion is disoussed with rederence to an observar moving with velocity
U of the shock wave; the casing spproaches the observer with a wloa?.'i':y U
parallel to the axie and leaves him with & velocity U in a direction (77-6)
degroas, Direstion is msaswred relative tc the sxis, the forward looking
axial direction bsing O dsgress, The angle & is tharefore the angle of
coning (unrestrained by end effects) of the casing dus to the expanmsion
which follows ti» detomation fremt, Now br the observer to mcat ihe
regultant velocdty is 2U ainf in a direotion [ ; this being tha velocity
2 2
of the frageemt on projection in the direstion given by

melv sitsertsesrseerLdvte e 1
3 =L (1)

Applied to the standard ahwll design with nose or base initiation, the
formuls gives a reasomably gowi satimate of the sverags angle of throw, =nd
vhen oosbinsd with a dispersion fastor of say, + i degrees, praduces an
soceptable £it to the axparimemtal deta from staiio frapgmantation trials,
‘In some instances, for exazple the thin-walled 3e~in, U,P, siwll, tks shaps
of the casing parmits clos approxization to ths prexisss required for
Tayler's tnecry and the Dt is then very geoed irdsed, For other zhells, an
smpirical modification of the formls, suggested by A, D,E., is foumd to be
more sultadble (Ref,2):-

SseceeeIRRss 1R e (2)

-6_. 0.5‘8512
2

[ §
'C‘II-:I -

The problew cami be coopletely answered in terma of simple theory
based on ateady oconditions of flow; in practioe a casing has finite length
and the type of end conatraint is of major importance, The tube may be

d, or it asy te alosed by screwad<in pluge or by solid ends integral
with the tube; in each caas the end zffeot rosults in compiexity of the
detonation wave system and interfeias with the 'ooring' visualised in Taylor's
infinite tubs., Soms inturesting evidemss was cbtained from esrly
sxperinents with the szall “model ocb” oasing dsveloped at Buxten; this
oasing had a fragmenting length of 3.8 in., internal diamster 4-1/i in, and
screwed=in end plugs, Photographs showed that, on detonation (from one exd),
the caging becsms balloca-shagpsd prior to rupture; tbe centrsl part was ooned
siightly, as auggmested by +i , but at sach end the tubs was coratrained
to ita original diamater, This bulging auggests that some of the casing
at the inltiator end will be projected sligntly backwards with respect to
the axial direction, and tals i3 borne out Iy later experimsnts, ¥ita
thicx~walled casings, oompleto detonation may taks place bafsore the casing
begins to ngtwre,  In Pig, { three diagrams which fllustrats the ballooning
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of a ceaing during detonation are shown; 1a shows the original casing, and
12 ib and 10 the detonation wave has moved to the positions as indicated
dleng the length of the ocasing,

¥ith the introdwotion of new designa, &3 in guidsd weapons, it becem
obvious that acocount must be taken of the position of ths point of initiation,
the spaed of tho detonation wave, and the end-effect, YWasn the detonation
waws sipikes 2 miformle thiok _ll of & casing parmalle the fraswent will
be projected nom.uy; it would appear thurefora that angles of projesilon
of 0 and m*% dsgraes are the limiting oasss ocorrssponding with radial

wd longitudinal detopation waves, end that the inolusion of a simplse
trigoncastrical funstion of the engls Ratwasn ths Jetomation wave and th
surfese of tha oasing should pmvidn a means of rpiption botwean the two
li=mits,

»

Considar a cesing in which the mormal to the surfass =akss an angle 2
vith the axis (Pig.2). Iﬁ‘ttu.no:‘.l%o%hﬁdﬂsntiaﬁnw.tapam
onmmrmh;ndimtmd all sngles being moasured froa the wse,

m'bm*ﬂqdirﬁonlttoepplya%mt-ntmtofqbr':(w.)
aniﬁorth-ao-pltxityofmlboak'mlyﬂﬁ,butwlhnllattqtto
extend his argunent legs rigorously, If the velaxity of dstonaticn i3 U,
then the spesd along the surface at tha point of Lntei'uo’:icn or t?
dotonatien front and tha avrfaoe of the caging Ls U ses ( Yutt,
*fmumgummumﬁonnnnmmmmme
then, by applying giaimnmmth*mdrorlongmbu,tbanmtm
Mofthecuingiz?ﬁ’ﬂ@iﬂamﬁ-

2

2

/
sin v w‘(a +L - ¢j) cosCresss O BB IRIETYTY (3)

X

[SHiv»3

ormal to the dstonation wave and
sy b¢ estimated on the basis of Euygen's 244
£fillings, where tis veloocity of detonation in the boocter is glmost the saae
a3 that in the main , the normel to the dstonstion freamt zay be taren
& the straiont lire 4o the rearest peim: cn the detonator end surfase: vwhen
the ohwge oon.si.sts of an amulus of explosive, auitadble adjustmant must be

s:de (Pig.3).

A Tormuls veary aimilar to (3) which takes acocumt of the shape of the
dstoration wave was suggeated by Shapiro (Ref,3). Shapiro regarded the
phanceans of detonetion from tha viswpoint of & staticnary cbserver and as
Taylor points cut the proocess is very cosplex sinoe the expunding gases give
cnetic energy to different parts of the case at different times, Shapire
suggested that, when ths detonaticn wave reaches a point P on the sufacs,
the cans beainl to movs outwards with valooity ¥ : in tize &¢ the dctomtion

K
travels ungtmclungtoapoon:igm;lyamthu;/E*d ¢)éé
from P end thus the defleetion frrp the noreal to the surface is g,im by

tn€a v s/ T A =P) i @)
@

This argusant is cisleading as it suggests that O is a measure of the
cvrvature of the casing following dstonation, wharsas in fact § is of the
ordar of b whare B 4s the angle through which the tragent to the gurfane
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moves from its original poaition to the moment of projeoction,

It is emphasised, however, that formulas (3) ard (4) give almost
identical results when applied,

It i8 apperent Ifrom the presceding ssction that thers are many
problens to be investigated in order to standardise the procedurs for
predicting the angular throw of fragmants from & warnsad of givez sisze,

ataps and £illing,

{1) The vslocity of detonation is kmown for various exploaiwe
fillings but the effect of shape of the detonation wave should be
iavestigated for cases wheres tiis wave does not asswes a steady shaps with
respect (0 the wall, for exampie, in snaniar charges with symmatrical or
asymmsirical initiation., Somc aszpects of this problem have been studied
ard a report is in prsparation (Ref.4),

(44) It im necessary to atudy the velocity of fragzenmts originating
from diffarant points along the lengih of casing, The simple formulas
suggested by Guraey (Ref.5) have been fittad to a wide range of data and
provide good estimates of average apesd, but it is wmoertain to what
extant the variaiion cf speed frow diffarent portions of a shaped casing
Day be atiriduted solely to variation of 3/C ratio, The dsgree and type
of end restraint ave believed %o be important factars,

(141) Formmlas (3) and (4) desoribs the disperaion from a warhead which
differa in two respectz from the sirple cylindar containing a plane
desonation front., Acoount is taken of the point of imitiation and of ¢he
faot that the casing may have a curved imnar surface (in the axial plans).

It may be nacesaary to atudy these faciors saparatsly, Moraowsr,
irdependently of the shape of ths innar wall, variation of the outer surface
of ths casing may alter the throw of fragzents, 2=nd restraint must also
affect the disperaion of neighbouring fraguents apart from affecting fragmant
velocity,

(iv) The mechanical properties and dimensions of the casing, methods of
controlling fragmentation (6,8, grooved charge, notohed rings, pre=formed
fregmenta) may affest dispsrsion either by altering velocity or by
machanical interaction of adjacent fragments, Additionsl factors enocountered
in warhead design, sush as the offect of fairings around the casing; must
also be congldered,

BXCERIMENTAL METHDD

In crdsr to obtaln this information, & loug-tal= resear
started, Moot of the trials will be made with amall casings fragzented
in s strawboard layout giving almost 100 per ocent, recovery. The straxboard
packs of height 3 £t, and width 18 in, or 2 £%, ars arrangsd ‘angemtially
along two seni-circular arcs at digtances 5, 3 or 10 £, from the ocasing
(Pig.4). The casing is suspsnded in the ceutre of the la, cut with its axis
vertical, 4O in, above packs laid on the ground. The sirswboard packs are
merked in horizontal zones each representing a Sedeygree arc firom the centre
of the casing, Muiti-velocify scresns connectad to an argon-lazp
chronograph ars arrargsd in the various :zones (sometimes two or more
vertically in one zons), The casing is engraved in order io assist
sorrelation of both spsed and directinn of £light with the origin of the

rey §:
LL
;
k
1
i
£
B
»
b
E
£
B
?
£r
E:
g
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fragrents on the case, After detonation, the position, masa and depth

¢f penetration of easch fragmsnt wre raosrded together with an asscolated
velocity and an estimate of ite originel position in the ocasing. Thess
raw dats provide the means of examining the speed, diapsrsion and maas
Wistribution of Iraguents fror $ha sides of cassed chargss with differont
conditions of length, diameter, shaps and saterial of casing; the affect
of method of closure of the ends of the cass, the posision of the point

of initiation, typs of sxplecive and (for anmular chargess) the diutribution
of explosive within the csaing can alac be studied,

The firat axperiments in this programms have been analysed and the
information which concarns fragmsat dispsraion extrasted, Two types of
modol Gasings Lave batm used (Pig.5), The first was oylindirical, with a
charge length of 4 in,, internmal diameter 4,25 in, and wall thiokness
0,925 in,; the casing was Ffilled with omasb RDZ/THT 55/45 +ith insst C,B.
booatsr, 0,55 in, diam,, 0,45 in, long, indtiated on the axis at one end;
three ossings wore fired for natural fragoentation arnd three with grooved
charges designed %o produse 10 ataggered rows of 13 fragsents. The second
type was & padll barrsl-shaped casing, again having a charge length of & in,,
wall thickness 0,425 in. and internal diamster varying on a circular ars
from 1,25 to 2,00 in.; the £illing was KDX/TR? 55/45 with similar end
initiation, 7Zwo barrels ~re fired for matural fragmentation and s further
two contained grooved charges having 1C stagpered asctions, esach with X
grooves, Tor boih types of casing the grooved charges vere produced
inasrting fluted rubder linerg into the casings prior to £illing (Ref.8).
All the casings were axtended at ¢ach end to take screwsd exd pleoes 1 in,
thick,

Toe two mndsl casinga form & useful sterting point for testing
dispersion thiory and the analysis of date has been oco-ordinated with an
exazination of data from fuil soale statie trlals of scoe G.W, warheads,
The data exployed are as follors:~

(a) Model casing - oylindsr
Natvral fragmantation - Series 1; J trials
Control (grooved charge) - Series 2; 3 trials

{b) Model oasing - barrel
Natural fragmentation
Control (groowsd oharge)

Sexies 3; 2 trials
Serdies 4; 2 trials

(6) G.¥, Blue Sky (trials &, 5, 9, 10, 11) (292,7)
Control (motched rings) = 5 3srials

(d) G,¥, Red Shoes (trials 2, 3, &) (Ref,7)
Control (pré=formed fragants) - 3 trials

EXFERIMBITAL RESULLS

The data relating to apatial distribution from Serles 1 fo L ara ahown
ir the Appendix (Tables 4~<14); much additional information conserning meas
distrivutions, peneiration into sirswboard, secondary hreez-up, ste, will
be discusasd in a iater report,

The zones in ths stramboard lsyout are defined with respect to ths
centre of the casing but it ia izportant that the angle of threw of a
fragzsut should be measured fror its point of projestiion from the wall, An
arror of 2 in, for ozampls will result in an appreoiable érror in angle
especially for fragmants colleoted in ths 3 ft.-radiug peoks, IR the GV,
srials whare fragoenis ars collscted at distances 3C and 45 ft. and casings
ars fragzented with the axis borirontal, the error is not s0 great, In
order o nake this correction, and in fact %o enable a precise atudy of
digpersior phemoxcna, it ia desirsble %o have some means of identifying



fragnents with respect to thsir point of projection., Witk controlled
fragzentation this is comparativsly simple, au the staggered rows of
fragmonts resulting from the g-coved charge are sasily idwmtified; with
natural fragnentation great difficulty has bsen experienced in suitadly
engraving fragments without affecting the broak-up of the casing, end it
has bsen necsssary to devslop & prooedure for sstimating the point of
projecticn from the dispersion data itself, The target srrets from the
3-f%t. packs for a ahot from eash of Saries 2 to & are shown in Hg.6;

the regularity of <he rows of holes resulting from ths ocontrolled casings
id Ett‘iﬁ.n.g-

The disparsion data for a st or series of similer siots may be
rerresented by & weight histogrez showing percentage velight of fragasnts
colisated againet angnlar zone (as maasurad from tha aantea of the azaing).
Histogrems for the four series are ahowz in Fig,7: Zfrom each we may drer
a cummlative sho!ing percmta.ge walght of fragmented casing collectad
forward of angls &, where O varies between 0 and 180 degreas (Pig,8).
Fz'om the dimensions of the casing, it is possible o caloulate ths variatisn

weight per wnit length along its length, that is, if we Imagine ths
ouing {the portion between ond plugs) to o aivided into ten secticns of
equsl width wo may estimate the percaentage weight of eszoh, For the model
bozbs (Series 1, 2) thess sesotions will each reprassent 10 per cemt, of the
oﬁg; for the wodel barrels, (Series 3,4) the percentages are shown in
Ta 15.

TABIZ 15 = Variation of weight along ths leagth of
a barrel-ghaped casing

|

seotion | f z 3 4 5 6 7 8 8 10

i 1

i l
Percentags |

weignt. | 692 8.6 10,6120 12,6 12.6 120 106 8.6 6‘21;

The point of projection of sach seotion may be aszumed ¢5 lie at the
surface in the middle of ths section in question, The dispersion angle
{with respect to the centre of the casing) may now be estiaated froz the
ourves in Pig.8 by noting the centre point of ths rones which oontain
suscsssive increments of parcentage weight given in Tabls 45 for barrel
casings or egqual iroremants of 410 per ocent. for tuwes. This disparsicn
angle must be oorrecied to give the true angle of throw from i%s point of
projection ani this imvolves simole trigonometrical caloulation, This
method of estimation has been adopted for Saries ¢ and 3 ainss it was often
not yrossible to ldentify fragments with respeot to point of projection, and
valuss are given in Tables 16, 17,

TARIB 16 = Seriea 1; astimates of dispersion angles, dsgreea

| Ssotion | S-rt, ooilisction w SeIt, O0.l80%ion T Avsrage ¢
] ‘Angle from | Fatimated | Angle fxom | 2atimeted | ogtimats |
! . centre | angle of centre  aagle of | ]
| rojection | | projection |
| - ; i . %
) ! { ' |
; 1 8.8 87.7 8.0 87.7 : 87.7 i
2 8%k 91.6 90,7 . 92,0 L 91,8 !
A T - 93.8 52,3 3.3 . 9346 ;
; iy ;, St 9z2.1 93.7 a3 | SHra 7 |
r 5 9Ceds 55.7 93,0 95,2 i 8545 ‘
i 6 96 c 95.7 95!8 : 95a6 ' 950. i
j 8 572 85,6 96,8 | 85,9 9548 !
g 9 37,9 95.7 : 5745 96,2 5640 ?
; 1C 58,7 93,9 88,72 96,8 ' 5645
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TARLE 17 = Series 3: estimates of dispersion anglss, dagrecs

f ; l
Saction 3-1%, collection . B«ft, collection | Averags
. Angle from| Estinmeted | Angle from! Zstimated | estimate
! | ocenrs i angls of f centrs | angle of i
! | projection ) projsction |
L | | | | |
I 4 i ‘ : -
Lo 70,0 1 726 ; 738 | T3k . 70
2 | 77,0 79.4 ‘ 78,8 | 8041 ! 8036
3 8.2 88 | 82,2 | 83,4 | 83,0
» = 8,0 | 8,0 | 88,3 . 86,9 i 87,0
5 54,3 1 M6 %08 1 s0 1 93
6 [ 9’605 4‘ 9’602 95-4 f 95.2 | 95-7
7 L 100,60 | 9%.7 ! 59.8 99.2 i 9%5
8 | 1065 | 1050 | qChet | 403,21 1Cked
9 L 410,7 | 108,7 ! 408.3 | 107.% 10749
10 | M50 1 i11,6 P 1124 1 110,91 11443
— I l i L

With the ocoatrolled casings of Series 2 and &, ths dispersion angles
nsy be estimatsd by & direct mathod and these "obaserved® angles may be
compared with those estimated by the msihod of extrapolation outlinsd above;
tmin for Seriea 2 and 4 we may obtain dispersion anslas in two ways and the
ocomparisons sre shown in Tables 18, 13,

TAEIZ 48 - Series 2; dispersion TAZIE 19 - Serles 4; dispersion
anglss (Gegrees) angles (dsgress)
| : ] T i
. Section {Batimtedi Chserved | §Smion"[35t1.=a‘tai! Cboerved |
: ; ; ; ; - - |
' z — T |
1| 8.2 | 86 1725 1 72,6 |
2 e 1 He | i 2 Ttet | 794
35 | 982 . 932 i ; 3 81,1 % 82,5 \
6 | 5.1 . 9543 1 3 6 $6s7 | 97.5 !
7 0S54 . S5.2 7 10241 | 10,2 i
\ 8 | 955 95,7 | 8  406,9 | 408,9 <
/ 9 I 95,8 I 96 | 9 | 140,0 | 110.0 |

Tt i= amphasised that idantification of fregmants with respect to their

T
-

points of prolection is to be preferred whensver poessible,

In order to test the validity of a formula suoh as (3), we must
caloulate ths axpected angles of throw predicted by tha formula amd ooxpare
thege with observaiions, The expucted dispersion angle ir a Simotion of
velocity of projection V, velcoity of detonation T, and the angles £ and g
which may be caloulatsd from the dimensions of the casing; an asaorate
sutimais of velooity V is the mosi important requirement for the application
of the formula, and we therefore nsed %o xnow the velocity.of each section
of ths cass, Thess have Desn Tsaswed in the course of the experiments and
are shown graphically in Figa., § and 10, Smooth curves have been Ifitted



to the pointa, and esticated valocities ahown i- Tadle 20 for series 2, 3 and
&; the recordings in Series 4 were not aufficiently numsrous to permit
accurate estimation of welccities from diffarent pointa of a casing.

TABLE 20 - Velocities of fragmmtsn, f£t./ssc.

| | [ 1 ~
| Seotion  Series 2 | Series 3 Sories i
. f 7 -
L 380 4850 | LZ70

2 w050 | 5020 450 |
.3, k220 | 5230 4630

C& L B30T B480 1 LBWD

53 1 Lo 5720 - 50K

| § L7610 3950 3270 !
T L5 . 6170 . 5450 |
. 8 4550 €350 1 55%0 |
LS k53 | 6450 1 5700 ;
[ 10 L200 8450 5759

{

Uning forvale (3) oxpected disparsion angles havs been caloulated and are
comzaed witk the observed values (Table 21, Pigs,14, 12, 13)

TAHLE 21 - Disparsion arglss, comparison of expected with observed, dsgrees

| ‘f ! ! i
| Secticn | Sexdies 2 ? Series 3 : Series & ‘
! | Expected  Cbaerved | Expected  Observed = Expected Cbserved

| ; i ——in

1 [ N ‘ I o

4 HE L BT.E 1 T2 . ThO . T3.B 72,6

§ 2 r8345 0 Hed 794 8.6 788 | 794 ?
- M3 0 S3.2 848 83.C0 . 8ae2 | 82,5 '
b : S S O ‘ 8%.2 87.0 : 83,5 ! 87:4 ;
L5 L S8 95,1 93.8 . 33 93.4 °  93.9

{ é - 95,0 0 85,3 8.0 95,7 | 974 : 5745

! 7 95.0 ‘ %02 ; '502.3 9:9.5 : "IO’J'IQB f "'IO‘?.Z

; 8 9540 ‘ 9547 106,6 10k . 105.9 7%31
9 el | Ft 1 i1 107,90 140,7 | 440.0

.

S8 951 4B | 1113 17 | 13

The data for saries 1 to 4 are derived from the fragmntation of model
casings; the results of so=s recant full-scele G, W, frageentation trials
nave been sanalyaed by a similar mathod and expected dispersion anglea
(caloulsted frox equation (3)) compared with observed values, Thae angles
together with smoothed velocities ars given ir Tables 22 and 23, and ars
ahown graphisaily in Pigs., 14 to 17, The warkeads Rad Shoes and Bluwe Sky
have taen degcoribed jn dstail (Pef,7); the former is made u, of pre-formsd
1/4~08, fragramts and for conveniense the oasing is divided into 20 sectiocns,
The Bius Sky cacing comprises 33 motaned rings, and is dividad into 11 sections,
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TARIE 22 - Bsd Shoss date, velooitiss (ft./sec,) and angles (deg-ees)

| l
| Sectica Veloolty | Rrp-wtei.mogsul:td '
| 1 B
o . 87% L 67,2 | 6k5
3 7220 | 7048 69,5
& 7320 729 72,0
. 7380 | 7542 Tk 6
6 7in30 | 7745 772
% 1 Tédl | 80.1 80,0
5 Thal | B 63,0
L 10 © Tk L 89,1 88,8
L4 740 - 908 9.6
Y 7540 Rt | Shg?
13 7140 | 974 97.5
% 7540 o999 | 4082
15 Tikid | 402,58 10%,3
16 Tidld ' 40b 8 105,9
17 7400 | 10743 108, 4
48 7280 L 109.2 140,8
49 7050 111, 112,8
.20 6750 | t1ad L 1450
5 e

TABLR 25 - Blus Sky data, velocities (£i,/ae0.) and angles (dsgrees)

Section |  TVelooity Dispersion angle

| “Expected | Obsorved

o | L70C 81,0 7547
- i 5550 81s3 | 7943

3 | 5070 82,0 i 8.7

& | 5470 83.3 | 83.7

5 | 5270 85,9 | 85,8
;6 | 535C 89.6 | 88,2
L7 ; 541 92k | 0.4
8 | 5450 329 | 92,7
9 L 5k 95,0 | 95.4
|40 , 5350 95,5 | 975
BER R i 95¢5 1 100,0
B |
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CONCLUSIONS
e ittt it

(1) Por nasural fragmentation, the average speesd is apmroximately that
e¢stimsted from the Gurney formula, but there is a variation along ths length
of the caairg wiich iz pot accounted for purely by variation of 3/C ratio.
¥ith the oylindiical casing there is a reduwtion of spesd towards the enis
of the casing, which sugzests that the typs of end confinement is an
important factor, There is alsc a suggestion that with end initistion the
aacizaz spead of projeotion is aot at the middle of tha casing but at a ahort
distence from the centre away froz the initiator; these oonolusions are
btorns out from the results with the small barrsl-shaped casing, ¥ith
grooved charge control tha spsads are lower than {rom natural fragzentation
and this may be due <o the preaesnce of the rubbsr liner ard grooving of the
chargs with consequent resduotion in E,E,

The Red Shoes data provids a good speed curve which iz symmotrical (as
tho casing iz symeetrical and initiation cemtral) and egadn there is =
falling-of#f of speed at the ends, I¢ is difficult to make comparisons with
spead formulas since with anmular charges thase formilas have ot yet beca
firmnly established, Thes Blue Sky reocords are also very comxehensive but
again diffioult to intsrprac oving to a largs fugs cavity which rums
centrally dowm on half of ihe charge,

(i) On ths besis of Zormula (3) or (4) the expeoted distridutions
egree very wall with the observed, Thare is soxze departurs at the ends of
the casing which may represent 2 trus deviation froxz the hypothesis; ihe
J9stirates of fragmant speed may, mowever, o wnreliadle in these regions,
and again, the method of extrepoiating the dispersion angles froa the data
is faulty near the ends of the casing (Tablss 18, 19). For matural
fragsentation it might bs more arast o asasolate a dispersion fastor with
the thasrsticsl formula; it is certainiy true that fragesnt zcnes overlsp
t0 some axtent, though with controlled casings, especially of the darrelied
type the angular pattern is ramarkably regulsr,

There is mwh information yet to be obtained from these trials, as for
exarmole, ooZparison of mass distributions, seoondary bresakx-up eto. The
trials indicate furtiher lines ¢f research on angular distribution and
suggest that it should be possidle o solva the problem,
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The Appeadix contadns the srperimental data frem
Seriez 1 to 4 occnneeted with spatial distribution of
fragesnts, Tables § amd 2 give swmranies and descripfions
of arots rired ard ooliected Twsults, Correcponding w<th
ey, sorics there are four tables; ths flrst gives raw
date classified in three ways - into shots, colleoting
ares and ddispersion zores, Nzbers and weighta of fragzents
&re shown; in the mumbsr colwmn, the Jirst mmbsr ropreselts
the towl oumber of fragments collected and iho seoond
brasrsted nmber ropredents the omaber of holes mads in
{he strawpourd packs, The seocond table in 6ach series
gives ooxbers and wedghta of Jragments cerrected o 360
dagress fram that pari of the caxug which lies vatwoen
the and plugs, tbat is, fragments froux the threadsd porticns
are sxoluded, 7The tadird end fourth tavics show aversget
over colleoting ares and shots.
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