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SUMMARY

The fragment speed and dispersion from scaled
cylindrical casings has been exzamined for two
diameters of case and a range of L/D ratios for
each diameter. Four fragmentation zones were
observed with long casings. A method of obteining
the dispersiocn angle for fragments from the various
parts of the casing is suggested. The epplication
of this method to the cases used leads to a maximwm
divergence of only 1° between observed and expected
angles. The resultz have all been obtained with
cylindricsl casings: no work has yet been done with
other shapes.

1.  INTRODUCTION

In the first stage of the investigation on the gpatisl distribution of
frogments (Ref. 1) a formula was derived which indicated that a fragment is
deflected from the normal to the inmer surface of the casing by an smount §
where

ain_fa_%Cos(_zﬂ;.,.x-ﬁ) (1)

where o« is the angle between the normal to the detonaticn wave and the axis,
£ is the angle beiwssn the normal to the casing and the axis, V is the speed
of projection of the fragment, and U the velocity of detonation of the
explosive filling, The formula was tested by application to data from
cylindrical and barrel shaped model casings, to data froem two full scale

G.W. warheads and to additional data from model cylindrical casings with
various types of end confinement. It was found that expected distributions
deduced from the formula agreed very well with the observed distributions
except at two sections along the casing, These sections consisted of a
length equal to twice the internal diameter at the detonator end of the
casing, and a much shorter length at the opposite end of the casing, the
length of both sections being independent of the type of end restraint (Ref. 2).

over the first of these two sections, i.e. at the detonator end, there
is a progressive increase in speed of projection of the fragments; at the
end remote from the detonator there is a progressive reduction towards the
end. That some other factor or factors must be taken into account is
indicated by the fact that there is disagreement between observed and expected
angles of throw even when the lower measured fragment speeds are used in the
calculation.

The present series of experiments was.designed to study the effect of
scaling the dimensions of the casings and has also yielded information on the
dispersion of the fragments from the end near the detonator,

2,  EXPERIMENTAL METHOD

The lay-out consisted, exactly as previously, of a surround of strawboard

packs arranged tangentially along two semi-circular arcs at distances of

3, 5 or 10 ft. from the casing. The casing was suspended in the centre of
the lay-out with its axis vertical, detonation of the charge being from the
top. Horizontal zones, each representing a 5 degree arc from the centre of
the casing were marked on the strawboard packs. Multi-velocity screens
comnected to an argon lamp chronograph were attached to the front of the
packs and were arranged in the various zones.

In order to assist correlation of both speed and direction of flight
with the origin of the fragments on the case, the cases were very lighti!.y
stamped. Exewmination of the collected fragments showed that the stamping
did not affect the break-up of the casing when the fragmentation was
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oontrolled, end it is thought that due to the lightness of the stamping
(under 0,005 in.) that it did not have any effect when the casings were
naturally fragmented. After detonation the position, mass and depth of
penetration of each fragment were recorded together with an associated speed
and an estimate of its original position in the casing whenever possible,

The experiments were carried out with scaled casings having inside
diemeters of 1% in. and 2 in. and lengths giving L/D ratios of 0.6, 1.0,
2,0 and 4.0 at each diameter. The wall thickness, thickness of screwed
end pieces and fragment length (for controlled fragmentation) were in the
ratio of the diemeters. The charge weight ratio for all the casings was
approximetely 0.45, a small difference occurring between the controlled and
naturally fragmented casings due to the weight of explosive lost in forming
the grooves. Scaled casings having an inside diemeter of 5 in. were also
prepered, but these charges were too heavy to be fired at Buxton and
facilities were not immediately aveilable elsewhere. These charges, therefore,
have not yet been fired.

A1l casings were of mild steel normalized at 850°C and were filled with
cast CE/TNT 30/70 with an inset axial CE booster 0,55 in. diameter and 0,45 in.
long at one end. At each diameter and each length two casings were naturally
fragmented and iwo others were fragmented with the grooved-charge method of
control of the fragmentation. The grooved charges were produced by casting
the charges in fluted rubber liners in a mould, peeling off the rubber when
the explosive had set and then inserting the charges into the particular

casings (Ref. 3).

A sumary of all the experiments, with a full list of dimensions of the
casings is given in Table 6 (Appendix).

3«  RESULTS

The data relating to spatial distribution are shown in Tables 6 to 67
(Appendix). The data cen be represented by weight histograms showing
percentage weight of fragments collected against angular zone measured from
the centre of the casing (Pigs. 1 and 2). From the histograms a comparison
can easily be made between the results for controlled and naturally
fragmented casings.

It would seem that for all series except Nos. 1 and 2 the peak of the
histogram is more sharply defined and greater in magnitude with natural
fragmentations. It is impossible, however, to establish the point of
projection of the majority of the individual fragments in the series with
natural fragmentation, and this is essential for a precise study of
dispersion. To compare the dispersion angles of the fragments from casings
with controlled and natural fragmentation a method has already been evolved
(Ref. 1) to obtain estimated values of the dispersion angles from all parts
of the casing for natural fragmentation. Cumulative curves showing the
percentage weight of fragmented casing collected forward of angle 8 are shown
in Figs. 3 and 4 for natural fragmentation. To compare with controlled
" fragmentation each casing may be regarded as comprising the same number of
sections marked A, B .... from the detonator end as the corresponding
controlled casings, and from the curves estimates of the dispersion angles
relative to the centre of the case corresponding with each row can be deduced.
From the geometry of the casing and the collecting arc, a correction must
then be applied to each row to obtain the true dispersion angle with respect
to the point of projection., This was unnecessary in Series 1 as most of the
fragments were the whole length of the casing and the remainder were easily
jdentified. With controlled fragmentation the dispersion engle with respect
to the point of projection was measured directly as the fragments were easily

identified.

Similarly the speed of fragments with respect to the originating row
(A,B, s.e.) for the series with controlled fragmentation was measured directly,
but the speeds so obtained were corrected to give the fragment speed on leaving
the casing. The corrected speeds were then plotted and a smooth curve drawn
through the points; these smooth curves are shown in Fig. 5 and the speeds are

given in Table 1,

»
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With the naturally fragmented casings the speeds relative to the centre
of the casing were measured for the various dispersion Zones and the probable
source of the fragments (sections A, B, etc.) on the casing was deduced by the
method previously discussed: the speeds from the different sections could then
be deduced. Corrected speeds could not be obtained for this series since very
few fragments could be associated with a particular speed measurement.

Estimates of speeds associated with the sections, taken from the smoothed
curves shom in Fig. 6, are given in Table 2.

TABIE 2

Comperison of fragment speeds, natural fragmentation. Deduced average
‘speeds over a distance of 3-5 ft. from the casing, ft/csc.

Section|Series 1|Series 3|Series 5|Series 7|Series 9|Series 11|Series 13
A 3160 40,0 4350 4280 3650 4100 4090
B 3540 4080 4500 4390 3650 4200 4300
c 3390 4080 4560 4,60 3640 4200 4430
D 4090 4570 4510 4180 4510
E 4070 4580 4550 K70 4570
r 4590 4580 4610
G 1,600 4630 4640
H 1,600 4660 4640
I 4610 1680 4620
J 4,600 4710 4590
K 4720
L 4730
X 4750
N 4760
0 4770
P 4770
Q 4770
R 14760
] 4760
T 4740

RBxpected dispersion angles for each row of fragments along the casings were
caloulated by substituting the smoothed speeds in formula 1 and these are
oompared in Table 3 with the observed amgles for the controlled series and in
Table 4 with the extrapolated angles for the netural series: they are shown
graphically in Figs. 7, 8, and 9, 10 respectively. '

Difficulty was experienced in the series with controlled fragmentation in
obtaining the individual speeds of fragments from the last few rows remote
from the detonator. The fragments from the rows approaching the remote end
are thrown forward at progressively smaller angles and strike the velocity
screens almost at the same level., Too much reliance cannot therefore be placed
upon the speeds of fragments associated with each of the last three rows or upon
the expected angle of projection of these fragments for the longest casings.
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4e  DISCUSSION

In the following discussion I represents the total fragmented length
of the casing, 1 the distance from the detonator end to some position along
the casing and D the internel diameter of the case.

Taylor (Ref. 6) has shown that the angle of projection of a fragment
from a point some distance along an infinitely long cylindrical casing is
given by:- , ,

=Y (2)
20

sin

i

where V is the fragment velocity, U is the detonation velocity and & is the
angle of coning. This formula was modified during the first stage of this
work (Ref. 1) to take into account +the shape of the casing and the angle at
which it is struck by the detonation wave ?equation 1)e :

Even when these factors and the observed variation in fragment speed
from the different parts of the casing have been taken into account, there
is still a divergence between the observed angles of throw and those
calculated from equation 1 over the length of the case represented by values
of 1/D between O and 2 and also at the end remote from the detomator. For
the remainder of the casing, provided L/D exceeds 2, the observed and expected
angles agree to within %o: if 1/D is less than 2 there is no agreement
between the observed and expected angles.

The speed of projection of fragments from casings has been discussed by
Gurney (Ref. 4). FEe assumes for simplicity that the initial speed of
fragments from all parts of the case is the same and hence the speed obtained
from his formula is a mean. The formula contains an empirical constant E
which is different for each explosive and must be determined by experiment.
In the report quoted, only the value for cast TNT is given: it is stated
that other wvalues were to be found.

Analysis of the early results (Refs. 1 and 2) and the present results
shows that there is a progressive increase in the speed of projection of the
fragments at the detonator end of the casing, over a region extending from
the end up to a distance equal to twice the internal diemeter of the case
(1/D equal to 2), At the end remote from the detonator there is a progressive
reduction in speed over a much shorter length of the case. The lower speed
of projection at the detonator end has been found to be more than 208 below
the average maximum speed of projection of the fregments from the centre of the
case, Over the length of the case between 1/D equal to 2 and the last two
rows of fragments the speed of projection has been found to be constant.

Fig. 7(d) shows the angles at which fragments are thrown from a casing
with an L/D ratio greater than 2, When the observed angles are plotted
against log 1/D, shown in Fig. 12(d), three discontinuities are seen in the
line,

The veriation in fragment dispersion from different portions of the
case is to be expected from a consideration of the geometry of the expanding
detonation wave and the mammer in which it impinges on the wall of the case.
With initiation from a point at the centre of one end of a long case the
wave becomes approximately hemispherical before reaching the wall: it then
impinges normally. During this period detonation in the charge is bui!.ding
up and may not be fully established: the end of the casing is also beginning
to move and is absorbing and releasing some energy. Thus the fragments from
the first portion of the wall are not only subjected to a weaker blow but are
also restrained differently at the two ends and they tend %o be projected
baclkwards: their motion is affected considerably by the end restraint,
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After the first few rows of fragments have been formed the end restraint
oan no longer have any effect, but the wave is still not stable in shape.
If uwnit time is taken to be the time required for the (spherical) detonation
wave to expand a distence equal to the radius of the tube, it is found that
after first impact on the walls the lengths of tube affected by the wave in
successive unit intervals of time are 0,866D, 0,548D, 0.523D, 0.512D, and
when the wave becomes essentially plane, G,5D. Thus initially the rate of
fracture of the case lis continually decreasing and the weight of charge
exploded relative to length of case fractured is increasing: the angle at
which the wave approaches the wall is also varying.

It can be seen from the figures given above that conditions snould become
approximately stable when the wave has travelled a distance along the casing
of approximately two dismeters, Thereafter; fragmentation should remain
constant indefinitely almost wp to the remote ends Here, there will again
be differential restraint at the ends of the incipient fragments and there
will be some release of energy from the end,

Starting from the detonator end, the dispersion of the fragments from
the first short length of case, examined previously, {Ref. 2) is affected by
the end restraint. The effect of end restraint fownd to extend for a
distance of approximately O.4 = 1/D Por all casings used in the present
series but the angle of throw of fregments from this part of the case varies
with the I/D ratio. This variation with the I/D ratio for the particuler
diameters used is shown in Fig. 14 t is not possible to establish with
oertainty from the results that the angle of throw of fragments from the
first row tends to become constant when the I/D ratio exceeds L for a
particular diameter, but from the shape of the curve it would appear that any
further variation in angle with increasing length of case would be small,

The second fragmentation zone extends from /D = O.4 %o 2. The cbserved
angle of projection of fragments is plotted against log 1/D for all casings im
this series in Fig., 13 and a mean of the results for the previous series
(Ref. 2) is also included. In Figs. 11 to 13 the curves for the individual
~series are plotted, together with the expected angles from formula 1 and
those which would be obtained by using the Gurney calculated fragment speed.

The two main points of interest sre as follows:

1. The slope of the line is constant within experimental error for all
casings in the present series and for all casings used in the previous series.
The charge/weight ratio was the same in both series but the explosive was
different. The mean slope of the lines for the previous series with RDX/TNT
55/45 £illing is 8,64 and the mean slope for the present series with CE/INT
30/70 £illing is 8,94 This only affects the angle of throw by 12 minutes,

2. The position of the line is determined by ithe I/D ratio of the case and
is independent of the actual diasmeter. TFor a given diameter the angle of
throw of a particular fragment at a specified distance from the detonator
tends to decrease as the L/D ratio of the case is increased. It is not
certain from these results whether the position of the line representing
1/D = 7 for the previous work indicates a continued reduction of the angle
of throw as the IL/D ratio increases or whether it is due to the different
explosive used, ’

Equations have been deduced for all lines by means of the method of
least squares: they are given in Table 5. For the column headed "mean",
an average slope has been calculated using all the lines and the value of
the constant in the equation is the average value of the constant for each
pair having the same I/D ratio but different diameters.
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TABLE 5

Relationship between dispersion angle and point of origin
of fragment on the case for values of 1/D up to 2

D15 in. dia. casings|2] in. dia. casings | Explosive Mean

1 Y=25010g30X + %.70|Y= 8,90 log4nX + 94.60 TNT 30/70 (7= 8.89 1 P
81.0° = tan1 9,5 | 83,60 = fao-1 8,90 Efne 30/ 9 1ogi0X + 9ha 65

2 ¥=28.661og,,X + 94.06|Y = 8. 77 logyoX +93.77 | CE/INT 30/70 Y= 8.89 1o 02
B50n0 = 0 ey | Tap bl 2Bk IT | GB/INT 30/70]T= 8.89 logyX + 95.9

4 Y=8901ogi0X + 93418 |T= 8.88log40X + 9356 | CE/INT 30/70 (Y= 8.89 logyoX + 93.
83.69 = tan™1 8,90 | 85.50 = tan-’ 8. 77 4 £10X 51

71 Y= 8H84log0E +92.46 EDX/ANT 55/L

83.40 = égfm,' 8»511- / 5
(Mean of experiments
reported in Ref. 2)

where Y
X

angle of throw of fragment
value of 1/D at the particular part of the case

When the I/D ratio of the casing exceeds 2 the angle of projection of the
fragments reaches a constant value at the point 1/D = 2 and this marks the
beginning of the third fragmentation zone present in long casings. It extends
almost up to the end remote from the detonator, however long the casing may be,
In this zZone both the shape of the detonztion wave and the mechanism of fracture
of the case have become stable, '

At the end remote from the detonator there is a short fourth fragmentation
zone arising as a result of the end effect. The stable speed of projection in
the third zone is progressively reduced towards the end. The results do not
permit a precise estimate of the length of this zone but it appears to be not
greater than one half the diameter of the case.

Thus, for cases with a L/D ratio not greater than 0,6 the fragmentation is
entirely governed by the combined end effects, and the fragments are projected
approximately nomal to the case with little more than 1° scatter.

When the I/D ratio lies between 0.6 and 2.0 the fragment dispersion is
according to the first, second and fourth zones. The stable conditions of the
third zone are not attained and the length of case within the second zone will
depend on the L/D ratio,

For long casings, the first and fourth zones are negligible and the fragment
pattern may be obtained by consideration of the second end third zones. The
fragment speed calculated from the Gurney formula is substituted in equation 2
and this immediately gives the angle of projection throughout the third zone.
This angle is then plotted, and from a point in the case where 1/D = 2 a line is
drawn with the mean slope indiceted in the empirical equetion given in Table 5.
The fragment dispersion along the second zone is then defined. .

The fragment dispersion predicted by this method for the casings used in
this series are shown in Figs. 11 to 13, together with the dispersion predicted
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by the Gurmey formula alone and by using equation 1. It can be seen that,
using the method described above, the difference between observed and
calculated angles of throw is little more then 1 degree at any point.

It must be remembered, however, that these equations have been derived
solely from experiments with cylindrieal casings having a constant E/GC ratio.
The effects of shape of casing and E/C ratio have yet to be examined. Some
American results (Ref, 5) with cylindrical casings of different metals
containing different explosives at different lcading densities indicate that
similar curves were obtained for the relationship between fragment speed and
distance from point of initial expansion. The values of 1/D at the point of
change-over from wnsiable to stable conditions appeared to vary from 1% to 2%,
with an average value nearer the lower figure.

5«  CONCLUSIONS

1. The fragmentation of scaled cylindrical casings of two different diameters
having a constant charge/weight retio but different I/D ratios has been .
examined. The fragment speeds and dispersion angles from different parts of
the cases were found to scaie with the linear dimensions,

2, In the fragmentation of long oylindrical casings four zones have been
observed.

(i) Up to a distance 0.4D from the detonator end the fragmentation is
affected by the end confinement of the case and also by the I/D ratio for
values less than L.

(i1) From this zone and up to a distance of 2D the dispersion may be
described by an empirical equation.

(iii) The third zone begins at a distance of 2D from the detonator end
and extends up to a point approximately 0,5D from the remote end, however
long the case may be. In this zone stable conditions of detonation wave
and fracture of case are attained. All fragments are projected at the
angle deduced from the simple Taylor formula using a fragment speed calculated
according to Gurney, :

(iv) In the final zone up to the remote end the dispersion is again
affected by end confinement. -

3. If the L/D ratio of the case is less than 2 the third (stable) fragmentation
zone does not occur and the second zone may be shortened. If the ratio is

less than Q.6 all fragments are projected approximately normal to the case,

with only about 1° scatter. .

4e Similer results are obtained with both controlled and natural fragmentation.
With natural fragmentation there appears to be more scatter about the mean
dispersion angle from a particular part of the case than with controlled
fragmentation, Owing to ease and certainty of identification of fragments,
however, the data with controlled fragmentation are more reliable than those

with natural fragmentation.
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APPENDIX

The Appendix contains the full experimental data from Series 1 to 16,
Tables 6 and 7 give collected results and summaries and descriptions of
experiments. Corresponding with each series there are four Tables; the
first gives raw data classified into shots, collecting arcs and dispersion
gones. Numbers and weights of fragments are shown; in the number column,
the first number represents the total number of fragments collected and the
seoond bracketed number represents the number of holes made in the atrawboard
packs. The second Table in each series gives numbers and weights of
fragments corrected to 360 degrees from that part of the casing which lies
between the end plugs. The third and fourth Tables show averages over
collecting arcs and experiments.
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TABIE §

Digpersion of fragments, Seriez 1 - Numbers and weights of fragments

Experimsnt _ 14 1B
Collecting Aro 3-ft. S5«ft. 3.0, 5-P%.
Zone of dispersion,| Number |Wgt.,| Number | Wgl,,| Number |Wgt,,| Number | Wgt.,
degrees e [- 5 Lo -
- 60
60- 65
€5~ 70
70- 75
75- 80 1. (1)1 1.15
80- 85 i1 (1) 1.05
85- 90 27 (17) [16.61 9 (5; 5.2 7 (5; 5.97 31 (22)f 20.99
90~ 95 15 (8)| 6.33|25 (i7){17.10(27 (22)|16.60(5 (3)| 1.55
95-100 1 1)1 0.30 :
400~105 1 (1)] 0.15
105-110
190-145 1 (1) 1.10
120
Sum L3 (26) [23.24 |34 (22)] 22.34 |30 (27)]22.57 37 (26)] 23.59
Dust 0.39 0.38 0.79 ' 0.82
Total 23,63 22,72 23.36 2. 41
Egtimated weight
of fraguented 52,0 52.0
part, g.
ZABLE 9
Dispersion of fragments, Series 1 -~ Numbers and weights corrected to 360°
Experiment 14, 1B
Collecting Arc 3-ft. 5-ft. 3-ft. 5-£t.
Zone of, dispersion,| Number |Wgt., Number | Wgt,, | Number [Wgt.,!| Number | Wgt.,
degrees % % % %
80~ 85 2 (2) ked5
85~ 90 59 (37)|71.47 |24 211; 23,4616 211; 26,45 |66 Eh] 88.98
90~ 95 33 (48)|27.2% (57 (39)] 76.54(60 (49)|73.55[11 (64) 6.57
95-100 2 (2)] 1.29
TABLE 10 A
Dispersion of fragments, Series 1 - Averages over collecting arcs
Experiment 1A 1B
Zone of dispersion,| Number | Wgt., | Number | Wgt.,
degrees % %
80- 85 1 (1) 2.23
85~ 90 40 &214- L1.46 | 229 57.74
90- 95 45 (29)|54.89 |36 (56)| 40.06
95-100 1 (1)] 0.65
TABLE 11

Dispersion of fragmenis, Series 1 ~ Averagea over experiments

Collecting Arc 3-£t. 5-£t.
Zone of dispersion,| Number | Wgt., | Number | Wgt.,
degrees ' % %
80- 85 1 (1) 2.23
85~ 90 38 (24)| 48.96 |k 229) 56,22
90- S5 7 (34§ 50.39 |34 (52)] 44.55

95-100 1 (4 0,65
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Dispersion of fragments, Series 2 - Numbers and weights of fragments
Experiment 2A 2B
Collecting Aro 3-£t. 5-£t, 3-£t. S5=£t.
Zons of dispersion,| Number |Wgt.,| Number | Wgt.,| Number | Wgt, | Number | Wgt,,
degrees - g. e g.
- 60
60~ 65
65~ 70
70- 75
75- 80
80- 85
85- 90 5 (5; 3.6L.[19 éwg 15.09 (17 éw; 13.54| 3 (3; 2.21
32-133 20 (20)[{16.52[40 (10)| 8.04|16 (15)|11.60|22 (21)|19.13
100-105
105-11C
110-1145
115-120
120
Sum 25 (25)]20.16 |29 (29)[23.43(33 (31)[25.14(25 (24)]|21.34
Dust 0.14 0.16 0.11 0.09
Total 20030 23.29 25025 210‘4'5
Batimated weight
of fragmented 52 52
part, g.
TABLE 13
Dispersion of fragments, Series 2 - Numbers snd weights corrected to 360°
Experiment 2A 2B
Collecting Arc 3£, Seft, _S-ft. 5-ft.
Zone of disperaion,| Number |[Wgt,, | Number |Wgt,,| Number [Wgt., | Nunber [Wgt.,
degrees % % : % %
85-90 13 (43)[18.06[u2 (42)|65.24i35 (35)|53.86| 7  (7)]10.36
90-95 51 (51)[81.9% |22 (22)|34.76|33 (31)[46.14 (55 (51)|89.64
TABLE 14
Dispersion of fragments, Series 2 - Averages over collecting arcs
Ez;‘erimnt 24 2B
Zone of dispersion, | Number Wg&., Number W%t.,
degrees
85-90 28 (28) | 11.65| 21 (21)] 32.14
90-95 37 (37))58.35| 43 (41)| 67.89
TABLE 1
Dispersion of fragments, Series 2 - Averages over experiments
Collecting Arc 3-ft. 5-£t.
Zone of dispersion, | Number Wgﬁ. ,| Number Wgt. ’
degrees _
85-90 o (o4) | 35.96| 25 (25)| 37.80
90-95 b2 (41) | 64.04 38 (37)] 62.20
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TABLE 20
Dispersion of fragments, Series L - Nuxbers and welghts of fragments
Experiment L4 4B
Collecting Arc 2%, E-£%. 3£t 5-£t.
Zons of dispersion,| Numbsr | Wgt.,| Number | Wgt.,| Number |Wgt.,| Number | Wgt..
degrees £o & £. g. !
60
60~ 65
65~ 70
70~ 75
75- 80
80- 85
85- 90 19 ?19) 15.85120 (20)| 15.92{15 ?5; 13.10|14 iw 11,45
90~ 95 28 (28)18.87(31 (31)] 23.07(31 (31)] 24.04|34 (33)] 26.79
95-100 1 (1) 0.75 1 (1)] 0.57
105-110
140-115
195-120
120
Sum x7 (a7)| 37252 (52)]39.7 |46  (46)]37.14[49 (48)] 38.81
Dust 0.4% 0.56 O.43 0.4k
Total 35021 l§=003o 37081 39025
Bstimated weight
of fragmented 86.0 86.0
L pert, g
TABLE 24
Dispersion of fragments, Series 4 - Numbers and weights corrected to 360°
Bxperiment LA 4B
Collecting Arc 3-£%. 5-£%. 3-ft. 5-ft.
Zone of dispersion,| Number |Wgt.,| Number |Wgt.,| Number |Wgt.,| Number |Wgt.,
degrees % % % %
85- 90 46 (46)|45.65\43 (43)[40.06 |34 (34)]35.27|31 (51)| 29.50
90~ 95 68 (68)|54.35(66 (66)]58.05(711 (71)|64.73[75 (72)|69.03 |
95-100 2 (2)] 1.89 2 (2)] 1.47
TABLE 22
Dispersion of fragments, Series L - Averages over collecting arcs
Experiment LA 4B
Zone of dispersion, | Number | Wgt.,| Number W%t.,
degress %
85~ 90 45 (45) | 42.86| 33 (33)] 32.39
90- 95 67 (67; 56,20 73 (72; 66.88
95-100 1 ()| o.9ul 1 {(1)| 0.73
TABLE 2
Dispersion of fragments, Series 4 - Averages over experiments
Collecting Arc 3-ft. 5-ft.
Zone of dispersion,| Number | Wgt.,| Number |igt.,
degraees % %
85- 90 40 (40) | 40.46(37 (37) |54.78
90~ 95 70 (70) | 59.54172 (69) | 63434
95-100 2 (2)| 1.68
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TABLE 24
Dispersion of fragments, Series 5 - Numbers and weights of fragments |
Experiment 54 58
Collecting Arc 3.5t 5-£t.  3.ft, [y
Zone of dispersion,| Number |Wgt.,| Numbsr |Wgt.,| Nusber | Wgt.,| Number Wgt.,
dogrees g <. o Py
60 .
60~ 65
65- 70
70- 75
75- 80
80- 85 1 (1)} 0.48
85- 90 (N 3.57[10 210 3.60| 6 (63 1.67 )| 2.15
3?'133 84 (lé 43.33 832 .g 56.33|81 (@3? 47,25 93 (51)| 62.83
d . 0032 9 7 » o08
130108 57517 (5)] &
105-11C
110=145
115-120
-120
Suwa 97 (58) |47.45 (96 (66) |60,73]96 (56) |5k.67 [104 (59)]69.06
Duat 2,9 3,76 3.97 5.03
Total 50.39 €4. 49 58, 6l 4. 09
Eatimated weight
of fragmented 173 173
part, g.
TABLE 25
Dispersion of fragments, Series 5 ~ Numbers ard weights corrected to 360°
eriment 54 5B :
Collecting Arc 3=£%, 5~£%. 3-2%. 5-f£t.
Zone of dispersion, | Number |Wgt.,| Number |Wgt.,| Number | Wgt.,| Number |Wgt.,
degrees % % % %
80~ 85 3) | 0.79
85- 90 (24)| 7.52] 27 (27)| 5.93| 18 (18)] 3.05| 9 (7) 3.14
90~ 95 288 (158) 188.07| 220 (139% 92.75[239 (127)| 86.42|217 (119)] 90.98 |
95-100 21 (17)| 4.81] 8 (8)] 0.53| 27 (21)| 10.53] 16 (12) 5.91
100-105
TARIE 26 |
Dispersion of fragments, Series 5 - Averages over collecting arcs
[ Experiment 54 58 __
Zone of dispersion, Number |Wgt., Number |Wgt.,
_dgees % %
80- 85 2 (2) | c.40
85- 90 26 (26) | 6.72 | 14 (13) | 3.08
90~ 95 254 (149) |90.41 |228 (123) | 88,70
95~100 15 (13) | 2.47 | 22 (47) | 8.22
100-105
TABLE 2
Dispersion of fragments, Series 5 - Averages over experiments
Collecating Arc 3Lt S-ft,
Zone of dispersion, Number |Wgt., Number | ¥gt.,
degroes % %
85- 90 29 (24) | 5.28 | 18 (47) | &.52
90- 95 264 (3) |87.25 |209 (129) | 91.86
95-100 2 (19) | 7.47 | 12 (10) | 3.22
100-105




TABIE 28

Dispersion of fregments, Seriss 6 - Numbers and weights of fragments

_Experiment bA 6B
|__GCollacting Aro 3-£% Btk 3.9k, 5eft.
Zone of dispersion,| Number |Wgt.,| Number |Wgt.,| Nunber |[Wgt.,| Number | Wgt.,

degrees 1l e g- . g.
m e
60- 65
65- 70
70- 75
75~ 80
80- 85 2 (2} 1.781 1 ;(1; 0,20
85- 90 22 (22){18.20] 22 (22){18.84| 20 (20){16.05{17 (47)| 14.40
90- 95 46 éz.s; 35.46 | 45 éws; 36.55| 57 (57)|38.56]38 (38)| 28.94
95-100 21 (21)]15.42] 34 (34)[23.95| 25 (24)|16.74{23 (23)]17.09
100-105
105-110
110-145
115-120
120
Svm 91 (91)]70.86[103 (103){79.5L 1902 (101) (74.35[78 (78)] 60.43
Dust 0.57 0.63 1.06 0.89
Estimated weight
of fragmentsd 175 173
pert, g.
TARLE 2

Dispersion of fragments, Series 6 ~ Numbers and weights corrected to 360°

Experiment 6A 6B
Collecting Arc 3-1t. 5-f%. 3-£%. 5-7%.
Zone of dispersion,| MNumber |Wgt.,| Number |Wgt,,| Number |Wght.,| Number |Wgt.,

degrees % % %

80- 85 5 (5)] 2.51] 2 (23 0.25
85- 90 53 (53)| 25.68|47 (47)]23.69] 48 (48)[22.49| 50 (50)f 23.83
90~ 95 111 (114)]50.04[99 99% 45.95{436 (436)|54.04[107 (107)| 47.89
95-100 51 (51M21.77173 (73)130.14] 60 (57)|23.47| 65 (65) 28.28
TABLE 30
Dispersion of fragments, Series 6 - Averages over collecting arcs
Experiment 6A 6B
Zone of dispersion, Number Wg. s Number Wét. R
: degees
80~ 85 Ly (&) ] 1.38
85~ 90 50 (50) | 24.68 | 49 (49) | 23.16
90- 95 105 (405) | 48.00 [422 (122) | 50.96
95-100 62 (62) | 25.9% | 63 (61) | 25.88
TABLE 31
Dispersion of fragments, Series 6 - Avereges over experiments
cou”tj.ng AI'O S.ftn 5'&0
Zone of dispersion, Number | Wgt,, Numbar | Wgt.,
degress % %
80- 85 3 (3) 1.25( 1 (1) 0.13
85~ 90 59 (51) | 26.09 | 49 (49) | 23.76
90~ 95 12, (124) | 52.04 {103 (103) | 46.92
95-100 56 (54) | 22.62 | 69 (69) | 29.19
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TABLE 32
Disperasion of fragments, Series 7 - Numbers and weights of fragments
Experiment 7A 7B
Collecting Arc 3£, 5-£%. 3-£t. 5%,
Zne of disparsin, | Number | Wgt,,| Number | Wgt.,| Number | Wgt.,| Number | Wgt.,
degrees g- g. 1 g g
60
60~ 65
65- 70
70- 75
75- 80
80- 85
85- 90 27 (47)] 10.33] 2 (19)| 9.36| 29 (49)] 15.04]| 21 (14)| 12.66
90~ 95 9% 233 42.00(103 (50)| 54.771 62 (25)| 30.14| 76 (52)| 43.56
95-100 111 (43)| 53.79|124 (58)| 63.52| 96 (34)| 63.15|146 (65)| 78.26
100-105 1 (1 0.10
105-110
140-115
115120
120
Sum 232 (93)1106.12]|25¢ (127)[127.65 188 (79) [108.43 {263 (131)]134.48
Dust 8.6 10.36 9.82 12.18
Total 114,76 138.01 118.25 146,66
Himated weight
of fragmented 346 346
part, g.
TABLE 33
Dispersion of fragments, Series 7 - Numbers and weights corrected to 360°
EQer:Lmant TA 7B
Colleoting Arc 3-£%. 5-£t. 3-ft. 5-ft.
Zors of dispersion, Number |Wgt.,{ Number [Wgt.,| Number [Wgt.,| Number Wgt.,
degrees % % % %
85- 90 81 251 9.73| 60 (48)| 7.33| 8 £56 13.87] 50 (33)[ 9.u41
90~ 95 283 (99)]39.58|259 (126)|42.91{181 (73)|27.80{179 %123 32.39
95-100 335 (130)]50.69|312 (146)|49.76(281 (99) |58. 24 |342 (153)| 58,20
100-105 3 (3)] 0.09
TABLE 34
Dispersion of fragments, Series 7 - Averages over collecting arcs
Experiment 7A 7B
Zone of dispersion, Number | Wgt., Number | Wgt.,
degrees % %
85- 90 71 (50) | 8,53 68 2@5 11.64
90- 95 2N §113 41.24| 180 (98)| 30.09
95-100 32 (138) | 50,23 | 303 (126) | 58.22
100-105 2 (2)] 0.05
TABLE 35 :
Dispersion of fragments, Series 7 - Averagss over experiments
Colloctinng_rc J=t. S5-1t.
Zone of dispersion, | Number |Wgt.,| Number W%t.,
dggees %
85~ 90 83 (54) |14.80| 55 (41)| 8.37
90- 95 232 (86) | 33.69| 219 (125)| 37.65
95-400 308 (115) | 54.47| 327 (150) | 53.98
100-105 2 (2) | 0.04
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TABIE 36
Digpersion of fragments, Series 8 - Numbers and weights of fragments

Experimont 8A 8B
Oollectingi;&rc , EE <A 5%, 3Pt S5-ft.
Zooe of dipersion, | Number | Wgt.,| Number | Wgt.,| Number | Wgt.,| Number | Wgt.,

degrees g. 8. £ g.
) g
60~ 65
65~ 70
70- 75
75~ 80
80~ 85 6 (6)] 5.17] 2 (2)| 1.63] 11 (11)] 9.98] 3 (3)| 2.53
85~ 90 28 (28) 22,57| 32 (32)| 26.06| 24 (24)| 19.11] 33 (33)| 26.39
90- 95 k2 (41)| 35.07] 58 (58)| 42.25| 51 (57)] 38.40| 64 (64)| 48.18
95-100 73 (71)| 50.90| 91 (89)| 77.02| 90 (90)| 64.19| 97 (94)| 69.59
100-105 ' 1 (4 0,
105~110 ‘
110-115
115-120
120
Sum 149 (146))113.71 183 (181)|14€.96 177 (177)]132.41]197 (194)]146.69
Dust 1.06 1.37| 1.31 1.46

Estimated weight -

of fragmented 346 3u6
part, g

PABLE 37
Dispersion of fragments, Series 8 « Numbers and weights corrscted to 360°

Ex_;_n_;riment 8A 88
Collecting irc 3-£%, St 3£t 5=t .

Zme of dispersim,] Number | Wgt, Number |Wgt. Number | Wgt, Number |Wgt.,
degees %t ’ %t ’ gt ? gt ’
80- 85 18 218 4,55 5 &5) 1.19] 28 {28 754 7 (7] 1.72
85~ 90 8, (84)]19.85] 75 (75)117.73] 62 (62)| 14eb3| 77 (77)]17.99
90~ 95 127 &124 30.84[135 £135 28.75|132 ?32 29,00 [149 2149 32.8,
95-400 220 (214) | 44.76|212 (208)|52.41 (233 (233)| 48.48 227 (220)|47.45
100-105 3 (3)] 0.55

TABLE 38
Dispersion of fragments, Series 8 - Averages over collecting arcs
Experiment 8A 8B
Zone of dispersion, Number |Wgt., Number |Wgt.,
degrees % , . %
80~ 85 12 512 2,83 | 18 (48) | 4.63
85~ 90 80 (80) |18.79 | 70 (70) [16.21
90~ 95 131 (130) | 29.79 |14 (144) | 30,92
95~100 166 (211) | 48.59 |230 (227) |47.96
400~105 2 (2)] o.28
TABLE 39

Dispersion of fragments, Series 8 - Averages over experiments

Collecting Arc 3P, 5uft,
Zone of dispersion, Number | Wgt., Number | Wgt.,
degrees % %
80- 85 23 (23)| 6.0 | 6 (6)| 1.42
85- 90 73 (73) |17.44 | 76 (76) | 17.86
90~ 95 430 2130 29.92 | 142 Emz 30.79
95-400 227 (224) | 46,62 | 220 (244) | 49.93
100-105 2 (2 0.28
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TABIE 40
Dispersion of fragments, Series 9 -~ Numbers and weights of fragments
Experiment 94 9B
Collecting Aro 3-£%, B5.5%, 32, 5«-£t,
Zone of dispersion,| Number | Wgt.,| Number | Wgt.,| Nuuber | Wgt.,| Number Wgt.,
degrees g. g g g
60
60~ 65
65~ 70
70~ 75
75- 80
gg- 85 6 ( ‘
- 90 5 28; 142.97|29 21; 41.90{36 (16)| 60.37|37 zog 106.57 -
32-138 7 (3)] 1%.00|63 £36 157 . 4447 éZGg—123.75 36 222 95.49
100-105
105-110
1§0-145
115-120
120
Sum 63 (31)[156.97192 (57)]199.04|83 (42)|184.12(73 (42)| 202.06
Dust 2,60 2.30 2.98 2.02
Total 159.57 201, 34 187.10 204..08
Estimated weight
of fragmented 415 415
part, g. ‘
. TABIE 41
Dispersion of fragments, Séries 9 - Numbers and weights corrected to 360°
E_Qiorimont 9A 9B
Collecting Arc 3=£%. 5-£%. 3%, 5-£t.
Zons of dispersion, Number |Wgi.,| MNumber |Wgt.,,| Number |[Wgt.,| Number |Wgt.,
dgroos % % % %
85- 90 146  (73)|91.08] 60 (43)[21.05] 80 (35)[32.79] 75 (41)] 52. 7
90~ 95 18  (8) 8.92/130 (74)|78.95[104 (58)|67.21| 75 (45)|47.26
: TABIE 42 .
Dispersion of fragments, Seriea 9 ~ Averages over oollecting ares
Experiment 9A 9B
Zone of dispersion, Number | Wgt.,| Number |Wgt.,
degrees % %
85-90 103 (58)| 56.07| 78 (38) (42.77
90-95 7 (W1)| 43.93| 89 (52) | 57.23
TABLE 43
Digpersion of fragments, Series § ~ Averages over experiments
Colleoting Arc 3-ft. 5-£%,
Zone of dispersion, Number | Wgt., Number | Wgt,,
degrees % %
85-90 113 (54)] 61.93| 68 (42) 36.89
90-95 61 (33)| 38.07| 101 (60) 63.11
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| TABE hb
Dispersion cf fragments, Seriss 40 - Numbers snd welghts of fragnents
Exﬁrimnt 408 ] 408
_Collecting Arc Fult:. St 384, T Baf%,
Zone of disperaion,| Number | ¥Wgt.,| Nusher ; Wgt,,| Nusber | Wgl,,| Number Wgt,,
MO@B Za ge ﬁg‘_ _‘3 )
690
60~ 65
65- 70
70- 75
75~ §0
80- 85 2 {3)| 6. i) -5
85- 90 12 212 54.52(18 i18 57.47116 (1&)) 84.79]48 iw 55.64
90~ 95 20 (20)1107.k9|26 (24)]10k.9613 z‘l.‘ﬁ 70,0512 {24)] 106.49
95-100 1 (1) 0.511 (1) 2511 (1} 0.43] 14 (1) 0.47
- 100-105
105-140Q
140-115
115-120 L g&g 0.47
125 i (4)] ©C.i5 1 (1) 0.10
Sum 35 (33)462.16|47 (&5)[162.67|28 (28)|154.97 |4k (44)[170.02
Duat : 14.67 1968 29@ 205'i
Total 163,83 164,35 157.26 172.53
Batimated weight
of fragmented 445 415
pert, g.
TABLE &5
Dispersion of fragments, Series 10 -~ Numbers and welghts correoted %o 360°
Experiment 104 16B
Collecting Aroc 5P%. S5«£%. 3%, 5-£%.
Zone of dispersion,| Number | Wgt.,| Number | Wgt.,| Number | Wgt., Number | Wgt,,
degrees % % % %
80~ 85 5 (5)| €.18 2 (2)| 456
85- 90 30 (30)| 33.6247 éh? 35.44|37 ?? 5L.71 |43 245 32.7
90~ 95 50 (50)| 66.20]66 (61)! 64.52{35 (35)] 45.20/58 (58)| 62.63
95-400 2 (2) o.09| 2 (2)] o.16] 2 (2)] o.09| 2 (2)| ©.10
100-105 :
TABLE é
Digpersion of fragments, Series 10 - Averages over oollecting arcs
Experiment 104 10B
Zone of dispersion,| Number | Wgt,,| Kumber w%t,,
degrees %
80- 85 3 (3)] 0C.03] 1 (1)| 2.28
85~ 90 39 ?9 34.38| 40 2&0 L3.71
90~ 95 58 (56)| S5.44| &7 (47)| 53.92
95~100 2 (2)) o0.42] 2 (2)] 0.09
TABLE
Dispersion of fragments, Series 10 « Averages over experimsnts
Collecting Arc Feufl . S5a£%.
Zone of dispersion,| Number W%t., ,| Number Wgt. R
degrees
80- 85 3 (3 2.37
85~ 90 33 éss e A7| 45 245 33,92
90- 95 13 (L3)] 55.741 62 (60)| €3.58
95-100 2 (2)| ©0.03f 2 (2)] 0.13




TABLE 48
Dispersion of fragmemts, Series ii - Numbers and weights of fragments
Experiment | 141A - 14B
Collootini Aro 3-ft. 5-f%, 3-r%. . 5.£t. .
Zme of dispersion, | Number | Wgt.,| Number | Wgt.,| Number | Wgt.,| Number | Wgt.,
dew;s & £ L3 £
0
60- 65
65~ 70
70- 75
N
1 1 0.15 3 (3 0.55 1 (4 0.10
85- 90 21 221 36.46] 36 éza 56.35| 31 2212 44,93 18 2162 22,37
90- 95 7% (38)[178.44| 835 (56)[183.37| 82 (42)]|157.84{119 (72)|216.03 "
95-100 2 (1 0.43| 2 éz 1.2
100-105 1 1 0.10
105-110 1 0.25 3 (3)] 0.3 2 (2) o0.48 .
110-115 1 éz 0,40 | 1 0.16
115-120 7 (7 2,65 1 1 0.21
120 ik (14)] 7.31 9 (9)] 225
Sum 98 (61)|215.48]122 (87)|241.03[116 (66)[203.32[138 (89)] 238.50 )
Dust 2035 2063 2058 3015
Total 217.83 243,66 205.80 251.73
Batimated weight :
of Fragmented 691 691
part, g.
TARLE 49
Dispersion of fragments, Series 11 - Numbers and weights corrected to 360°
Experiment 11A 11B —
Colleoting Arc 3-£t. 5-£%. 3-£t. 5-1't.
Zone of dispersion Number |Wgt. Number |Wgt. Number |Wgt. Number [Wgt.
d_eg'ees ’ %t ’ %t ? %t ’ %t ’
80- 85 3 (3 .07 10 (10)| .27] 3 (3)| 0.0k
85- 90 67 (67)|16.92102 (79)(23.38 10k (71)[22.10| 49 (44)| 9.38
90- 95 035 (124) |82.81 [235 (159) |76.08 275 (141)[77.63|327 (198)[90.58
95-100 6 (3)] .20| 6 (6)| 0.50 .
100-105 3 (3)]| 0.0k
TABLE 50
Dispersion of fragments, Series 11 - Averages over collecting arcs
Experiment 11A 14B
Zons of dispersion, Numboer | Wgt., Number | Wgt,.,
degrees % %
80- 85 2 (2 0.03 7 (7 0.16
85- 90 85 (73)]20.15 |127 (75)| 15.7%
90- 95 235 (140) | 79.45 | 255 (150) | 84.10
95-100 6 (5 0.35 3 3
100-105 2 (2 0.02 2 2
TABLE 51
Dispersion of fragments, Series 11 - Averages over experiments
Collecting Aro 3-£%. 5-ft. ’
Zone of dispersion, Number Wét., Number Wﬁt.,
degrees .
80~ 85 7 (D] 0.17] 2 (2)| 0.02
85- 90 86 (69)| 19.51| 76 (62)| 16.38
90- 95 255 (131) | 80.22| 281 (179)] 83.33
95-100 3 (2)| 0.0 3 is; 0.25
100-105 2 (2)] o.02
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. TARLE 52
Digpersion of fregments, Ssries 12 - Numbers and welights of fragments
Experiment 124 128
Collecti.ng Are E@ﬁo 53&' Fuft, 5.9,
Zone of dispersion,| Number | Wgt.,| Number | Wgt.,| Number Tth‘t., Number | Wgt.,
degreas ' g g. : 8. g.
o £
60~ 65
65~ 70
70~ 75
75~ 80 1 _ (W] o0xi1 () o0.46
80~ 85 2 (2)] o.221 6 (5)] 41.08]1 é1 0,181 1 (4 0.20
85- 90 11 21‘? L7.428 (14} 61,6419 (9)] 14.52|2, éza 115.93
90~ 95 19 (18)) 98.00127 (27)1412,07|25 (25)| 96.78)30 (30)(121.7
95-400 8 (8)] 31.28{ 2 (2)] 0.25] 5 és 12,00/ 1 (1)] 0.25
100-105 : 3 (3)] o511 (1) 6.16
105-110 1 (1)] 0.5} 1 (1)] o.40] 2 (2)| o0.29
440-115 i (4 0.37 :
145-120 2 (2)] 0.45 4 éug 0.82
120 ]2 (2)] 0.55/3 (3)] 0.38]/ 3 (3)] 0.65
Sun 40 (39)]476.62/52 (51)|175.46 k1 (44)]129.64]56 (54)] 238.12°
Dust 4,35 L. 32 3.10 5.70
" Total 180.97 179.78 132,70 243.82
Bstimated welight
of fragmsnted 691 67
part, g.
TABLE 53
Dispersion of fragments, Series 12 - Numbers snd weights corrected to 360°
Experiment 124 12B
Collecting Arc 3alt, 5-£t, 3-£t, 5=t
Zone of dispersion,| Number |Wgt.,| NKNumber |Wgt.,| Number |Wgt,,| Number |Wgt.,
degees % i % % ﬁ
80- 85 8 (8)| 0.12] 23 §19 0.62 5 (5)| O.tk| 3 (3)| 0.09
85- 90 L2 (42)126,68| 55 (54)[35.11] 47 (47)[{11.20|68 262 48,68
90~ 95 73 (69)]55.49|10% (104)| €3.87/430 (130)]74.65/85 (85)] 51,12
95-100 3 (31)17.74] 8 (8)] 0.i4] 26 (26)| 9.26| 3 (3) 0.11
100-105 12 (42)] 0.26| 5 (5)| 4.75
PABLE
Dispersion of fragments, Series 12 - Averages over colleoting arcs
Experiment 12A 128
Zone of dispersion, | Number |Wgt., | Number |Wgt.,
degrees % %
80~ 85 16 (1) | 0.37 | & (&) | 0,12
85. 90 48 (48) | 30,90 | 58 €55) |29.94
90~ 95 89 (87) [ 59.68 [108 (408) |62.88
95-100 20 (20)| 8.92 |15 (45) | 4.68
100-105 6 (6)] 0.43 | 3 (3) | 2.38
TABLE 55
Dispersion of fragments, Series 12 - Averages over experiments
Colleoting Arc 3-ft. 5-Lt. ,
Zons of dispersion, Number |¥Wgt.,, | Number | Wgt.,
degreas % %
80- 85 7 (7; 0.13 (13 (14 0.36
85- 90 45 (45) [ 18.94 |61 258 11,89
90~ 95 102 (100) | 65,07 |95 (95)| 57.50
95-100 29 (29) |13.48 | 6 26 0.12
100-105 3 (3)] 2.38] 6 (6) 0.13
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TABLE 26
Dispersion of fragments, Seriecs 13 - Mubers and weights of fragments
Experiment 13A 138
Collecting Aro © 10 £t. 5 ft. 10 £t. 5 ft.
Zone of dispersion, Number| Wgt., | Number | Wgt., | Number | Wgt., | Number Wgte s
degrees 8 g g g
60
60- 65
65~ 70
70~ 75
75- 80 1 (1) O.ik
80- 85 2 (2)] o41| 9 (8) 14.55] 1 (1 0.12] 3 (3} 0.99
85- 90 35 223 58,12 | 63 (5u)| 99.44 | 18 (14)| 36.55| 59 (48)|103.36
90- 95 96 (57)|173.87 [128 (80)| 313.91 [102 (56)| 177.08 [161 (105)| 329.08
95-100 1 21 0.39 [100 (56)| 218.62| 14 {(11)] 11.21 119 (71)]| 202,20
100-105 2 (2 o3| 1 (1 2.10 1 (4 0.20
105-110 1 (1) 0.17| 6 (6)] 0.87
110-115 2 (2 C.28
115=120 2 (2 0.29
- 120 2 (2)f 0.26| 10 (40)] 1.58
Sum 136 (85) | 233.10 [199(301); 633, 32 {135 (B2)| 224.96| 343 (228)] 635.83
Dust 1.88 5.12 1.1 314
Tom 2&}. 98 658.1{-!& 2260 07 6380 97
Batimated weight
of fragmented 1382 1382
part, g
TaBlE 57
Dispersion of fragments, Series 13 - Numbers and weights corrected to 360°
Experiment 134 138
Collecting Arc 10 £t. 5 ft. 10 £, 5 £,
Zaw of dispersion,| Number |Wgt.,| Number |Wgt.,| Number |Wgt.,| Number [Wgt.,
degrees % % %
80- 85 12 (12)| 0.48| 19 {17)| 0.24| 6 (eg 0.65] & (6)] 0,46
85- 90 206 2135 2:,93(136 (117)] 15.65410 (86)16.26(128 (104)|16.26
90~ 95 565 (335)] 7459 [277 (173)] 49.56 |62 (342)] 78.72| 348 (227)|51.75
95-100 (6) (6; 0.17(216 (121 13:,.52 86 (67)| 4.98(257 (154)| 31.80
100-105 12 (12)| 0.13| 2 (2l 0,03 2 (2) 0.03
TABLE 58
Dispersion of fraguents, Seriesz 13 -~ Averages over collecting arcs
Experiment 134 138
Zone of dispersion, | Number Wgte, | Number Wgte
degreeos %
80~ 85 16 (15) | 0.24 | 6 (6)| 0.14
85~ 90 171 (126) 20,29 [119 (95) | 16.25
90~ 95 421 (254) 162,07 [486 2285 65.24
95100 11 (64) |17.35 |172 (111) | 18,39
100~-105 7 (7 0.08 1 (1 o.M
TABLE 59
Dispersion of fragments, Series 13 = Averages over experiments
Collecting Arc 10 f£t, 5 Pt,
Zone of dispersion, | Number Wﬁt. » | Number Wgt, ,
degrees ﬁt
5 9 19 0.11 | 13 (12) | 0.20
TR B RE m R
O- ® 4
20D 72 039 | o257 (339 (4383 | 35.18
100-105 6 (6)] 0,071 4 (4)] 0.03
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TARIE €0
Dispersion of fragments, Series 14 « Numbera and weights of fragments
Experiment 144 . 148
Collecting Arc 10-£%. 5o 10-£%, 5=£%,
Zone of dispersion,| Number | Wgt.,| Nuwmber | Wgt,,| Number | Wgt,,| Number | Wgt.,
degrees £. 8- g 8-
60
60~ 65
65« 70
70- 75
75- 80 1 (1)} 0.10
80- 85 1 (1) 0.3 2 (2) 13.671 7 (7)] 48.84
85- 90 10 (10)| #1.60] 24 (24)]467.18 44 Eﬁ' 77.15] 27 (27)]180.,45
90- 95 35 (34 146,481 50 (48)] 305.41 |31 (30} 179.83| 54 (54)]330.80
95-100 17 (46)| 40.27| 34 (34)] 206,25 & (&) 25.39| 29 (29){179.80
100-105
105-110 1 (1)] 0,13
110-115
145-120
120 1  (4)] 0.10
Sum 63 (61)]228.66(108 (106)| 678.84 |58 (47)| 296.041147 (117)]739.89
~ Dust 1.73 5.43 1.7 | k.27
Total 230.39 683.97 257.75 Tike. 16
Estimated weight
of fragmented 1382 1382
part, 8o
TARID 61
‘Dispersion of fragments, Series 14 ~ Numbers end welghbs ocorrected to 360°
Experiment 1454 g 148 '
Golleoti.ng Arc 10-£¢. 5-£%, 10-%. S5-£%.
Zone of dispersion,| Number |Wgt.,| Number |Wgt,,| Nusber |Wgt.,| Number |Wgt.,
degrees % % % %
80- 85 6 (6)] 0.1% 9 (9) 462 13 §13 6,60
85- 90 60 (60)|48.19| 48 (48); 2463} 51 (51)] 26.06| 50 (50)} 2439
90~ 95 210 (204)|64.06] 101 297 44.99] 144 (139)] 60. 74 100 (100)f 44 74
95-100 102 (96)]17.61| 69 (69)! 30,38| 19 (19)] 8.58 54 (54} 24.30
100-105
TABLE 62
Dispersion of fragments, Saries 14 - Averages over collecting arcs
Experiment ' 144 148
Zons of dispersion, | Numbsr |Wgt,, | Number Wg’:a,
degrees %
80- 85 3 (3)] 0.07 | 14 &11 5.61
85~ 90 54 (54) | 21.04 | 51 (51) | 25.22
90= 95 156 (154) | 54053 |122 (120} |52.73
95-100 86 (83) [23.99 | 37 (37) [16.4k
100-105
TABLE €3
Dispersion of fragments, Series 1k - Aversges over experimentsv ,
Collecting Arc 10-£%. 5=%.
Zone of dispersion, Number | Wghe, Number | Wgt,,
degrees %
“80- 85 8 (8)] 2.38| 7 (7% 3.30
85- 90 56 (56) | 22,13 | 49 (49) | 2h.51
90- 95 177 (172} | 62.40 |10 (99) | 485
95-400 61 (58) | 13.09 | 62 (62) | 27.34
400~105
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TABLE
Digpersion of fraguente, Series 14 - Numbers snd weights of fragments
Bxperiment 164 i 16B
Collecting Arc 5-2%, 10-£%, 5-£t. 10-£%.
Zons of dispersion,| Nuwber | Wgt.,| Number | Wgt,,| Number |Wgt.,| Nwmber | Wgt,,
dg&'ﬂas 8o e J&O }0
6C
60~ 65
65~ 70
0= 75
75~ 80
80~ 85 9 (9)| €27 3 é} 21,831 12 (42)[77.18] 3 23 20,0k
85- 90 24 (29} 444.82] 5 (B) 32.83| 49 (49)428.29] 7 (7)| &7.49
90- 95 35 (34} 223.5316 513 115,90 | 36 (36)|57.30]17 ?7 1M11.7M
95-100 69 (€7)424.32|33 (33)|203.92] 73 (73)hk3.66(32 (31)|203.78
100-105 13 (43)| s56.82 15 (15)(91.99
105-140
110-115
145-120
120
Sum 147 (144)|910.76/59 (59)| 37650 | 155 (155) 978.42(59 _(58)| 383.02
] Dugh
Total 940.76 375.50 9. k2 383.02
Estimated woight
of fragmsnted 2764 2764
part, g
TARLE 65
Dispersion of frogmente, Series 16 - Numbers and weights of fragments
Experiment 164 168
Colleoting Are 5%, 10-2t, 5-£%. 10-£t.
Zons of dispersion Number |Wgt,,| Number |Wgt, Number |Wgt, Number |Wgt,
dgﬂ_'ees t ] % @ j 9 ‘ % » E 9’
60~ 65
65- 70
70~ 75
75- 80 ,
80~ 85 27 £27 7.06] 22 222 5.83| 34 ésu 7.89| 22 ézg 5.23
85~ 90 64 (64)145.57) 37 (37)] 8.77| 5k (5k)|13.11] 51 (51)[12.40
90~ 95 106 ?o} 2., 50.{133 %135 30.95 102{102 24,25{123 ém 29.17
95-100 209 (203)[46.59 |2k (244)] Shokib |206 (206)|45.3k|231 (224)(55.20
100-405 39 (39)] 6.2 42 (42)| 9.4t
105-110
110-115
145-120
120
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TABLE 66
Dispersion of fragments, Series 16 - Averages over ocollecting aros

k_girimeat 16A 16B

Zone of dispersion,| Number Wgt. s Number Wgt. ’
degraes

60
60= 65
65- 70
70- 75
75~ 80
80~ 85 25 525% 6.45| 28 228§ 6,56

85- 90 52 (52)| 12.17| 53 (53) 12.76
90~ 95 120 ?1‘8 27.75] 113 (113)| 26.70
95-100 227 221% 50.5¢| 219 (2153 49.27
100-105 20 (20)] 3.12| 21 (21 471
105-110
140-115
145-120

120

TABLE 67
Digpersion of fragments, Series 16 = Averages over experiments

Zone of dispersion, Nuzber | Wgt., Number | Wgt,,
degress

60
60- 65
65- 70
70- 75
75~ 80 :
80- 85 3 531 To47| 22 222 5653
85- 90 59 (59)| 14.34| &% (44)| 10.59
90- 95 104 (103)] 24.40| 128 2128 30, 0k
100-105 1 &1 (G 7.83
105-110
140-115
145-120

120
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