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Inf luance of Density and Inert Additives on the

Wave Shape of "Idea~l" Explosives

Wave shape-dnsity neauurinents for "ideal" (D - DO) TNT, pentolite,

~4various TNT-salt and pentolite-malt. nixtures are reported. The

radIu Of curvatiure/diameter (R/d) ratios at a charge length of six dia-

mooswere fouM .to vary almost linearly with density. In TNT, however

a sharp discont~inity in the density-R/d curve occurred at a density of

.3.This discontinmlity was attrituted to partiale break-down during

pressing at high densities.

Two additional series of R/d vs. charge length L measurements are

reported, one for pur RDX and the other for 40-60 RDX-ealt. In both

instance@ R4L remained unity up to an L/d of 2.6. Between 2.6 and 4.6,,

i leoleld off in both cases and reached the con stait (steady statem).value

roMainiflg constant for higher values of 14d4. This r0Bl4t is in agree-

sent with previous observations that a steady state condition maintains

for L/d values greater than about thrv1b.

. R/d measurements were made for various TNT-salt,, TNT-glass beads,

RDXs8&to EDX-glass beads, and 50/50 pontolitb-salt mixtures. R/d was

fopd, to decrease linearly with per cent inert for loose-packed TNT in

.10 cm. diameter charges from -about 2.1 with zero per cert salt to 1.3

with 60 per cent salt.* In all other cases no definite trend in the R/d-

pe ent inert curves could be established,,- although if corrections for

dens~ity were applied, R/d would be found to decrease with inert content

in the cast TNT-salt,, TNT-glass beads, and RDX-holt, mixture.. In the

pentolite-salit and RDI-glagis bead, seriest R/d appeared to go through a

mxmmanid then d toreaso with increasing inert content. However, er-

ratio results, attributed to the combined effects of segregation: slowing

dowA of the reaction rate, and, attenuation of the wave toward the charge

aIs due to increased vaporization of the inert toward the central axis,

ma~de quantitative evaluations, very difficUlt The trends which were

indicated in these latter cases are therefore open to doubt.
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Tntroduotion

Technical Report No. IX under this project described some wave

wave shape measurements in five explosives all with ideal or hydrodynamic

velocities and in cylindrical charges. From that study it was concluded

that the wave front was remarkably spherical in shape over almot the

entire wave front except perhaps at the extreme edge despite the inter-

esting fact that the radius of curvature at large length/diameter (L/d)

ratio@ was much smaller than one would obtain for a spherically expanding

wave front. Furthermore it was found that R increased only over the first

few charge diameters after which it remained constant. Also the ratio

R/d at L/d & 3-4 was relatively independent of charge diameter although

there was,& mal. increase in R/d in TNT and tetryl between 2.5 and 7.5

cm. diameters. The important observation was made, moreover, that the

wave shape attained the same (steady state) value of R/d irrespective of

the wave shape of the booster. This was clearly demonstrated by the fact'p

that an initially re-entrant wave inverted completely to tho steady state

wgve shape over a charge length of loes than six diameters. It was also

noted in initial studies that the wave shape depended critically on charge

density.

More recent studies of wave shape in non-ideal explosives (T. R. ZIN

and XV)(2,3) showed that even in the non-ideal ex,)Iosives coarse TNT and

amatol, the shape of the wave front remained spherical over practically

the entire wave front, but the R/d ratio for L/d a 6.0 increased with

diameter from about 0.5 at the critical diueter da to an asympt6tic

value about 1.9 for the coarse TNT and about 2.2 for cast 50-50 amatol

above the minimum diameter V* for attainment of the hydrodynamic velo-

city DW. At diameters above V the R/d ratio apparently still depends

to some extend on the density and chemical nature of the explosive since

the R/d - d curve leveled off at a larger diameter than was the case

with the D - d curves. Experimental measurements of the effects of den-

sity and chemical composition of R/d are therefore definitely needed in

the development of an undorstanding of the principles determining wave shape.
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The influence of density on the wave shape of some ideal explosives

have now been studied quantitatively. In addition, on the assumption

that a study of the influence of inert additives would aid in an inter-

pretation of wave shape in non-ideal explosives., several seriles of cm-

positions with varying percentages of inert additives (salt and glass

beads) were studied. Finally two more series of R vs. L measurements

were made, one with pure granular RDX and the other with the granular

40 per cent RDX-60 per cent salt mixture. The results of these studies

are presented in this report.

Raterial and Experimental Methods

The explosives used in this investigation were TNT, RDX, and W-0-0

pentolite. The inert additives were NaCi (20-2a mesh) and glass beads

(20-30 mesh). The most extensively studied explosive was pure TNT. In

the first series, pure TNT was studiedat various densities in 5.17 on.

diameter charges all of L/d approximately six. The lowest density charges

in this series (densities .88 to .98) were vibrator-packed in manila

paper tubes of about 1 m wall thickness. To insure flat uniform ends

for measurement of wave shape, thin glass plates were placed on the ends

of the charges. The higher density charges (densities 1.0o to 1.53)

were pressd in 5.17 am. diameter and 2.6 cm. long wafers. Twelve sueh

wafers were placed end to eavd and wrapped in paper with the bare end

exposed for wave shape measure sbs. Similar pressed pellet ohargep

were made with 70-30 TNT-salt, 40-60 TNT-salt, pure 50-50 pentolite,

70-30 pentolite (50-50)-salt and 40-60 pentolite (50-50)-salt composi-

tionas, pressing the charges in each case at low, intermedate, and high

densities.

Vibrator-packed charges of 9.94 am. diameter were made with pare
RDX; 70-30 and 40-60 RDX-glass beadi pure TUi 85-15, 'T#-30, 55-45, and

40-60 TNT-salt mixtures; and 80-20, 60-40 TNT-glass bead miZtures. In

all of these charges, thin glass plates were placed on the end of the

charge to provide a smooth, well-defined surface for photographing the

CONFIDENTIA L
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emerging wave fronts. Finally cast charges of 90-10, 80-20, 70-30,

60-40, and 50-50 TNT-salt in 9.94 cam. diameter were made using smooth

plastic on the end of the charge to form a smooth cast surface. These

plastic plates were removed before firing, thus exposing the bare cast

surface for wave shape measurements. In all cases, tube ends were out

on a lathe to insure that the end was exactly perpendicular to the charge

The 5.17 cm. pressed charges were shot with pressed 5.17 am. (d)

z 2.6 am. (L) tetryl boosters having a 1.9 cm. deep axially centered

cap well. The loose-packed charges were point initiated with No. 8 EB

caps axially centered by means of wooden forms. The cast charges were

fired with axially centered 2'x 2" cast pentolite boosters in which

were formed 1 " deep cap wells.

The No. 0 EB caps were fired by means of the discharge (through a

coaxial line) from a one pf condenser charged to 3500-5000 volts. While
there was a time lag of about 5 aeeo in these caps, it was sufficiently

reproducible that no difficulty was encountered in synchronisation.

This is strikingly illustrated in figure 1 which is a smear photograph

of a shot in which four parallel charges of 5.17 (d) x 31.2 (L) cm.

pressed TNT (P1 - 1.45 to 1.53) were fired simultaneously with the camera

focussed on the ends of the charges away from the points of initiation.

The static 1•oaes were obtained by first opening wide the slit and taking

a snap photograph (with the mirror at rest), The slit was then set at
5 mails and an (over-exposed) snap shot taken defining the field of view

of the camera during detonation. The smear photograph was taken at a

mirror speed of 700 r.p.s. (writing speed 4470 m/sec).

Wave shapes were measured in all cases by means of the "screamer"

streak camera described in T. R. XI 4,, which during this investigation

was modified by installing a new synchroniser similar to that built for

the "crooner" but of improved design. The modifications were as follawse

Three ranges were provided for the phantaetron delay circuits to give

sauh greater flexibility to the instr-.w The unit now also provides

• ,'ODNFIVEN 'r __
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a circuit to test the firing cable for unseen damage. A surplus Dallmeyer

telephoto lens f:6.3, 36" focal length was also installed to obtain 2-1/2

times greater magnification. A reversible electrically powered drive was

constructed to focus this lens assembly. The camera shutter now has an

auxilliary switch which permits one to open the shutter without activating

the firing unit. There is now no lucite between the emulsion and rotating

mirror as in the former design. Instead the film is held Along the edges

in a close fitting track and the curvature of the film holds it against

the lucite back. In addition the wind from the rotating mirror helps keep

it smooth. A light-tight film container was built in to permit opening

the camera, with only the part of the film used to thread the film track

being exposed. With the controls provided, it is now possible to wind the

film and snt the mirror for static images without opening the camera. The

camer, is synchronized at a predetermined time interval by means of the

phantastron delay section; thus location of a trace is made possible at

any desired position along the film. Generally the camera was operated

at a mirror speed of 600 r.p.s. (3.83 ,m/psec before modification, 3.75

wm/iisec after modification), although in some cases speeds of 700 and 400

r.p.s. were used in an effort to obtain optimum definition depending on

the velocity of the explosive and radius of curvature of the wave. To

obtain more accurate results, especially for large R/d ratios in the high*

est velocity explosives, recently a msaller (1-1/2" x 3") mirror was in-

stalled making it possible to increase the mirror speed to about 800 r,'p.s.

The camera may now be operated at a writing speed up to 5 mm/iise in wave

shape measurements with explosives of high R/d ratio.

Velooitiem were measured by means of the "pansy" oscilloscope des-

oribod in T. R. X10," using, in the case of the cast and vibrator-packed

oharges, the regular pin assemblies described in T. R. XI. In the pressed

charge, "pins" consisted of .001" brass foils placed between appropriate

pellets using only a trigger and two time interval "pine".

To reduce the information on the photographs to useful form, the co-

ordinates of various poi.nts along the trace were read using a Cambridge

ODNFIETIAL
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Universal Measuring Machine. These measured points were then correated

for magnification, camera writing speed and detonation velocity, a"d the

data across a diameter of the charge plotted. These plots show the

actual shape of the front of the detonation wave. A best fitting arc of

a circle was then passed through the experimental points. In this work,

as well as previous wave shape studies reported in T. R. IX, XIV, and

XV, the only oases where the wave shape data could not be fitted satimp.

factorily with an arc of a circle over all but the edge of the wave was

when the wave was obviously unsyametrioal, due most likely to some non-

uniformity in the charge. At the extreme edge of the wave front the

radius of curvature frequently was observed to fall off, especially in

bare charges.

While the R/d results reported in this study were all obtained by

the graphical method, D. W. Robinson has worked out an analytical pro-

decure for ob.raining the best fit of a circular are which dan be readily ad-

S, apted to IBX calculations. This method, moreover, increases the accuracy

of determlination of wave shape. It is presented for its interest in

future studies in Appendix I of this report.

Tables I to VIII present the complete charge, density, and wave

shape data determined in this study for the various mixtures. Velocity

data were determined frpm the equation

D- D1 0 + 8 (p "l.O) (-)

using the constants D, ^ and 8 shown in table IX. These data were taken

from OSRD 5611(6) for TNT and RDX, and from data computed by the methods
outlined in T. R. P) for the explosive-salt mixtures. The velocities

of the explosive-glass bead mixtures were not computed but were taken

from experimental meamsrements. The data in table IX have all been cars-

fully checked experimaentally and found to be in excellent agreement with

the observed velocities. A report shoving this comparison and extending

the devalopments outlined in T. R. X will be prepared in the near future.

WONFI WMTIAL
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The R/d vs. density data obtained for 100-0, 70-30, and 40-80 TNT-

salt mixtures are plotted in figure 2. The limits of error are shown

by means of the horizontal lines through the point designating the aver-

age value of R/d found from several measurements at each density. For

pure TNT the reproducibility was good at densities up to 1.35. Above

this value, however, the reproducibility was less satisfactory. This is

associated partly with the difficulties in determining R/d accurately at

large values of R, and partly to another factor perhaps associated with

the interesting sudden increase in R/d as the density was increased above

1.35. The sharp break in the R/d vs. density curve at about 1.35 in

density seems to be real since the limits of the experimental points do

not overlap. One will note also that the value of R/d for pressed TNT

is considerably greater than that for cast TNT described in T. R. IX at

the same density. This is quite likely a particle size effect which is

not eliminated even in "ideal" explosives. It io possible also that the

discontinuity in the R/d-density curve at 1.35 in density is a particle

size effect. One requires relatively small pressures to reach a density.

of 1.35 in pressed TNT. However, to obtain higher densities, the pres-.

sing fore must Ibe increased sharply. It is possible that the individual

grains commence to rupture at the pressures required to go above 1.35 in

density. The 70-30 and 40-60 TNT-salt mixtures gave R/d - p, curves

approximately parallel to the pure TNT curve ,at lowdensity. The pressing

force requi.red tod4tain the highest defleti ahown here were l ,r

than that required to obtain a ,density of 1.4 with pure TNT. It may

thus be for the reason that the press4,nf force was insufficient to cause

grain break-down that there was no apparent tendency for the TNT-salt

mixtures at the dendities studied to show a %jaiLteau such as that observed

with the pure TNT charges, although too few defisitio were studied to

warrant conclusions on this point.

Figure 3 shows a plot of R/d vs. per 0ent TNT for the 9.94 m. dia-

meter vibrator-packed TNT-salt mixtures. R/d is shown to decrease ap-

proximately linearly with salt o•nitunt. Similar measurements with cast

OONFIDENTIAL
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TNT-salt mixtures, however, gave very erratic wave shape results. The

irreproducibility in this case may be associated with segregation of salt

during cooling of the cast mixture. Segregation of the TNT-salt mixtures

would tend to slow dowr the wave toward the central axis relative to that

on the periphery of the charge. This effect shows up as an increased

radius of curvature along the central axis. It is believed therefore

that the measured wave shapes in this case at least represent upper

limits of R/d. Assuming this to be the case, it is probable that if

segregation could be prevented, the R/d curve for dast TNT-salt mixtures

would also decrease uniform-.y with salt content.

Incidentally, it was determined that the 25-75 vibrator-packed TNT-

salt mixture detonated with a 2 x 2" cast pentolite booster, but failed

with a cap. The 10-90 mixture, however, would not progagate. The fact

that one obtains propagation with 75 per cent salt in TNT shows clearly

that the salt acts primarily as an inert. Otherwise, the cooling effect

"of reacting salt would quench the detonation at a much lower percert age

of salt.
With glass beads of nearly the same particle size as salt, there

was apparently no change of R/d with per cent inert in the TNT-glass beads
series. However, if a correction were made for density, the effect of

inert would again be found to decrease the R/d ratio. Similar results

with-the RDX-salt mixtures are shown in table VII. However, with the

vibrator-packed RDX-glass beads mixtures, R/d appeared to increase

sharply with per cent inert, and was still greater in the 40-60 R1X-glass

beads mixture than in pure RDX (table VIII). It was considered that this

effect might also be due to segregation. This explanation was supported

by the fact that in pressed TNT-salt mixtures, the expected decrease in

R/d with ,er cent inert was observed and the further fact that results

with the pressed charges were fairly reproducible. Before accepting this

explanation, however, a series of pressed 50-50 pentolite-salt mixtures

were studied in which segregation was, of course, not possible. The

reuIts are given in table VI and plotted in figure 4. The R/d-density-

OONFIDENTIAL
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curve for pure 50-50 pentolite appears comparable to that of pure TNT at

low density except that R/d was somewhat larger at a given density. More-

over the results of two check determinations were in good agreewnts.

However, for the pentolite-salt mixtures results wcre again poorly re-

prodacible and showed the same trends as with RDX-glass beads. That is,

the 30 per cent inert mixture had even less curvature at a given density

than for pure pentolite although the 40-60 mixture showed a lower R/d,

indicating that the R/d- per cent inert curve at a given density may

pass through a mtaximu in this case. However, this conclusion is indefi-

nite since the differences were of the same order of magnitude as the

experimental error.

A striking result with the pressed pentolite-salt mixtures was the

fact that despite the impossibility for segregation, the waves frequently

were found to be asymmetrical about the charge axis. In order that these

effects might be available for careful study, the experimental data that

were used to make the wave shape plots in this investigation are given

in Table X. It seems quite possible, in view of asymmetrical conditions,

and the poor reproducibility of wave shapes obtained with the various
explosive-inert mixtures, that Orratic (apparently wobbling) waves may

be a characteristic of such mixtures. This would explain also the fact

that the reproducibility of velocity determinations invariably decreases

with increasing inert content in explosives of this character.

As in the explosive-salt and glass beads mixtures, one experiences

the same type difficultiea of irreproducibility, wave asynmetry and

flattening out of the wave toward the central axis with aluminized ea-

plosives including 20-80 tritonal and 25-75 Al-composition B. This
ses clearly to be a segregation effebt in aluminized explosives. It

is very difficult to obtain cast charges in these explosives in whilh n o

segregation of alumium occurs.

The variation of R/d with charge length for pure granular RDX and

40-60 RDX-salt mixture is shown in table VII. For pure RDX, RAL was

unity within very close limits for values of L/d up to 2.6. For L/d

*ONFIDENTIAL
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between 3.0 and 4.5, R continued to increase, but at a rapidly decreasing

rate reaching a constant value of 3.5 d above an L/d of 4.5. In 40-60
RDX-salt mixtures, R/L again reiained at unity up to an L/d of 2.6. Again

R appeared to reach a constant value somewhere between an L/d of 2.6 re-

maining constant for values of L/d of 4.6 and greater. It is evidently

not possible within the limits of experimental error to distinguish between

the different explosives as far as the determination of the minimm value
of L/d for attainment of the steady state wave cur:vature is concerned.

This is in agreement with results found in studies of the influence of

charge length on shaped charge results. In those studies optimum shaped
charge effect with unconfined charges was also found to be reached at an

L/d between about 2.5 and 4.5. Similar results were obtained with con-

fined charges.

Discussion of Results

Wave shape even in ideal explosives depends not only on the chemical
nature of the explosive but also on its physical state. The influence of

physical state is strikingly illustrated in a comparison of cast aid

pressed TNT. In cast TNT at a density of 1.59 in 7.5 cm. diameter charges

of L/d - 6, a value of 2.4 for R/d was obtained. However, for the 5.17
cm. (d) pressed charges at slightly lower density (1.53), R/d was 4.6.

One obvious difference between the cast and pressed TNT is particle size,

The cast charges of R/d - 2.4 were not "creamed" but were poured loludy.
The effective particle size and reaction zone length ao in this maberial

as shown in T. R. XV is greater than in the "creamed" product. The' R/d in

a pressed charge should be even less than in the "creamed" cast charge
especially under the possibility that pressing at high densities reduces

even further the particle size.

Effects of particle aize on R/d for "ideal" explosives can be readily

interpreted on the basis of the detonation head theory. According to this
theory, D/D* should be unity for all values of reaction zone length %

less than -6oout d. For values of a4 near d, however, only the explosive

ODNFIDENTIAL
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along the central axis of the charge reacts completely within the deto-

nation head. The wave would thus be attenuated toward the periphery of

the cnarge which should lead to relatively large curvature or =all R/d.

For smaller values of a0 the periphery attenuation would be less and the

R/d correspondingly greater. A report presenting a theory of wave shape

based on detonation head concepts will be presented in the near future.

R/d appears always to increase with charge density. In pressed TNT

the R/d vs. p, curve was almost linear, the curve bending slightly to-

ward larger R/d ratios at increased densities. This was true also for
the explosives 70-30 and 40-60 TNT-salt, and 50-50 pentolite. The 70-30

and 40-60 pentolite-salt pressed charges showed a similar trend. Moreover,

the slopes of the R/d vs. p, curves were comparable for all of these ex-

plosives. However, only in the oases of pure TNT, pure pentolites, and

the TNT-salt mixtures are these results considered entirely reliable.

Since "creamed" cast TNT should have an effective particle siue only

slightly greater than that of the granular TNT from which it was made,

an R/d of about 3.0 is predicted for the "creamed" cast TNT, on the as-

sumption that the break in the R/d-p1 curve was a particle break-down

effect. That is, if particle break-down had not occued, Rt/d should

continue to inoreae almost linearly.

The results outained with inert additives leave much to be desired.

It was hoped by this study to obtain information which would aid in

interpeting wave shape data for "non-ideal" explosive. That is* the

part of the explosive which has not reacted within the detonation head

might be considered to exert the same effect on wave shape as an inert.

There are three possible factors, however, which might complicate this

situation and render impossible the use of inert additives for this

purpose. Firstly, segregation of the inert additive which is difficult

to avoid tends to distort the wave from its true form due to attemnation

of the wave in the region of high concentrations of the inert, Secondly,

endothermic reaction of the inert if it takes place tendb to.slo*V4Wi hse

rate of reaction of the explosive and thus ifiii4"e the reaction son. length

)ONFI MNTIAL
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and decrease R/d. While the evidence from velocity measurements

seems to show that reaction of NaCI in these explosive is relatively

small if not negligible, since explosives reactions are surface reactions,

it is possible that such inert additives as salt would tend to retard

the reaction somewhat. Thirdly, even if retardation of the explosive

reaction rate by the inert were negligible, one would expect a greater

effective vaporation and resultant cooling effect along the central axis then

toward the periphery of the charge because of the longer effective time

for reaction along this axis than toward the peripery of the charge.

This effect would tend to reduce wave curvature and increase R/d. Low

density TNT is a much lower temperature explosive than pentolite and RMX.

One might thus expect less vaporization of NaCl in the detonation head

for TNT than for pentolite and RDX. Hence, in loose-packed TNT one may

perhaps be observing the true dilution effect. The detonation tempera-

tures of cast TNT, pentolite and RDX are enough higher that enough vaport-

tis of NaCI may take place to cause the effects shown.
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TABLE I: Wave Shape vs. Density Measurements for TNT

in 5.17 cm. Diameter Cylindrioal Charges

Film No. L P1  D R R/d R/d
Length (M/600) (cm.) (av.)
(cm.)

631 30.0 .878 4,620 8.9 1.7 1.7
632 30.0 .894 4,670 8.7 1.7

615 29 .982 4,950 8.9 1.7
616 29 .982 4,950 9.3 1.8 1.9
617 27 .982 4,950 10.4 2.0
618 27 .982 4,950 10.1 1.9

604 31.2 1.078 5,260 10.6 1.9 1.9
605 31.2 1.078 5,260 10.5 1.9

606 31.2 1.170 5,560 11.4 2.2
608 31.2 1.170 5.560 11.5 2.2 2.3
756 31.2 1.191 5,630 12.2 2.4 2.3
757 31.2 1.191 5,630 11.5 2.2

758 31.2 1.288 5,940 13.4 2.6
761 31.2 1.288 5,940 12.5 2.4 2.5

602 31.2 1.354 6,150 13.4 2.6
603 31.2 1.354 6,150 14.2 2.7 2.8
635 31.2 1.354 6,150 16.7 3.2

759 31.2 1.368 6,200 16.9 3.3 3.1
760 31.2 1.366 6,190 15.1 2.9

966 31.2 1.376 6,220 17.6 3.4 35
967 31.2 1.375 6,220 18.0 3.5

968 31.2 1.423 6,370 22.3 4.3 4.0
969 31.2 1.423 6,360 18.7 3.6 4.0

609 31.2 1.440 6,430 19.7 3.8
610 31.2 1.440 6,430 22.2 4.3 4.1

984 31.2 1.469 6,520 23.1 4.5
985 31.2 1.471 6,530 21.3 4.1 4.3

986 31.2 1.533 6,730 22.3 4.3
987 31.2 1.534 6,730 24.8 4.8 4.6

OONFIDENTIAL
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TABLE II: Wave Shape-Density Measurements for Pressed

TNT-Salt (20-28 mesh) Mixtures in 5.17 cm. Diameter Cylindrical Charges

Film No. L P1  D R R/d T/d
Length (,M/see) (Om.) (ay.)
(cm.)

70 per cent TNT 30 per cent salt

1105 29.2 1.209 4,690 9.1 1.8
1110 29.2 1.207 4,690 -8.3 1.6

1106 29.4 1.351 5,230 10.9 2.1 2.0
1107 29.4 1.351 5,230 10.0 1.9

1108 29.6 1.493 5,760 13.7 2.6 2.9
3.109 29.6 1.492 5,760 16.3 3.2

40 per cent TNT 60 per cent salt

1111 29.2 1.361 3,800 4.2 0.i 0.8

1035 29.3 1.508 4,760 6.5 1.3 1.3
.114 29.3 1.508 4,500 6.0 1.2

1030b 29.4 1.649 5,^04 9.3 1.8 1.8
1122 29.5 1.642 5,110 8.7 1.7

ODNFIDENTIAL
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TABLE III: Wave Shape'Measurements for ,

TNT and TNT-Salt Mixtures in 9.94 cm. Dla.ter In' i .1 arg.

Film NO. L P D R Rd c/md

Length. MSe em

100 per cent TNT

60.85 .844 4,670 29.7 2.5
569 60.8 .898 4,680 21.9 2.2 2.1
954 59.4 .859 4,560 19.1. 1 9
953 59.8 .855 4,540 18.6 1.9

85 per cent TNT 15 per cent Salt

664 60.9 .959 4,270 19.3 1.9
766 61.o .943 4,220 16.8
767 61.0 .929 4,170 17.9 I,
959 59.5 .949 4,240 20.5 - io
960 60 .939 4,210 2o.6 2.1

70 per cent T •,--.30 per cent Salt

581 6085 !-P,10 3,950 18.0 1. 8
582 60.8 !.006 3,930 16.8 1.7
589 -o.8 .993 3,880 18.9 1.9
955 60.2 .993 3,980 17.5 1.8

600.5 .991 ,80 17.6 -.8

55 per ce e,, TNT 45 per cent Salt

'03 59.0 1. 067 7i0 16.6
7. :9o.9 1.089 3, 5330 13-9
,2i 60_9 1.115 3,3? 131

6 .- ... . I. q ,

tS o! 40 '4 0:*.') ii 7

.. ' .. 1. 1.3

1.5

Best Available Copy



TABLE 1V: Wave Shape Meaeu~re nen ftk) Ca1 TN-S -~
Mixtures in 9.94 em. )1.ame&ter Crldie -'hages

Film No. L 1iDR /
Length mac c-

90 per cent TNIT 10 per carat Sa1t (ý'>.)-28)

44.9 52.5 1''419 696755 24-1 N.4 2.L

80 ner cent TNT 20 oscr cent Salt (20--8"

408 56 1.668 6,650 30.2 2. G
451 54-3 1.6-73 -,5 22.6 2.3

70 per cent TNT 30 per cent SaIt. %20-28)

405 56.6 1.672 6,380 15.8 1.6 1.6

60 per cez~t TwiT 40 per cent Salt (20-28)

403 56.1 -0 a TV 6,173 21.7 2.2
4.44 53.,ý 1.756 62835 19.7 2.0 2.4
979 S2.9 1.782 6,530 28.5 2.9

62.7 1.788 6,P550 25.3 2.6

50 per cent TNT 50 per cent Salt (20-28)

407 57.3 1.725 5,,840 16.7 1.7
975 62.9 1.826 6,260 25.4 2.6 2.2
976 62.8 1.828 6,270 21.8 2.2

CONFIDENTIAL
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TABLE V: Wave Shape Measurements for Vibrator-Packed

TNT-Glass Bead (20-30 mesh) Charges in 9.94 cm. Diameter Cylindrical Charges

Film No. L Pl D R R/d R/d
Length (m/see) (cm.) (av.)(cm. )

80 per cent TNT 20 per cent Glass Beads

685 59.5 1.055 4300 21.6 2.2
731 61.8 .997 4200 21.9 2.2 2.2

60 per cent TNT 40 per cent Glass Beads

732 60.9 1.161 3800 24.0 2.4 2,3
733 60.9 1.169 3800 21.0 2.1

40 per cent TNT 60 per cent Glass Beads

740 61.0 1.343 3320 20.4 2.1 2.1

CONFILENTIAL
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TABLE VI: Wave Shape-Density Measurement5 for Pressed 50-50 Pentolite-

Salt (20-28 mesh) Mixtures in 5.17 cm. Diameter Cylindrical Charges

Film No. L P1  D R R/d
Length (rn/sea) (cm.)
(cm.)

100 per cent pentolite

1019 29.5 1.195 6,080 10.4 2.0

1020 29.6 1.341 6,540 15.7 3.0
1021 29.6 1.341 6,540 L6.5 3.2

1030a 29.7 1.487 6,990 17.3 3.3
1022 29.7 1.487 6,990 19.3 3.7

70 per cent Pentolite 30 per cent Salt (20-28)

1024 29.3 1.351 5,600 16.3 3.2
1025 29.3 1.356 5,600 14.5 2.8

1026 29.4 1.501 6,180 30.7 5.9
1027 29.4 1.503 6,040 21.9 4.2

1028 29.6 1.688 6,790 27.7 5.4
1112 29.6 1.681 6,750 21.8 4.2

40 per cent Pentolite 60 per cent Salt (20-28)

1168 29.2 1.361 4,380 8.4 1.6
1169 29.1 1.361 4,380 11.1 2.1

1113 29.2 1.517 4,850 20.3 3.9
1167 29.2 1.518 4,940 13.2 2.6

1123 29.4 1.703 5,800 15.3 3.0

C0NFtIKNTIAL
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TABLE VII: Wave Shape Measurements for Granular (Vibrator-Packed)

and RDX-Salt (20-28.Mesh) Mixtures in 9.94 cm. Diameter Cylindrical Charges

at Various L/d Ration

"Film No. L Pi D H L/d R/d R/d
Length (M/60c) (cm.) (ave.)

455 5.1 1.129 6,540 6.3 .51 0.6
4j6 5.0 1.206 6,820 5.7 .5 0.6

458 7.7 1.203 6,810 8.5 .77 0.9 .9

457 10.1 1.177 6,720 9.3 1.0 0.9 .0459 10.1 1.253 6,990 9.7 1.0 1.0
S461 15.2 1.230 6,910 17.0 7 .5 1.7
462 15.2 1.230 6,910 16.2 1.5 1.6

463 20.3 1.195 6,780 20.2 2.0 2.0 i-4
464 21.4 1.127 6,540 26.9 2.1 2.7

465 26 1.175 6,710 20.7 2.6 2.7 26
466 25.5 1.203 6,8lO 24.7 2.6 2.5

576 30.4 1.215 6,670 25.6 3.0 2.6S619 30.2 1.169 6,500 24.5 3.0 2.5
620 30.4 1.184 6,560 27.9 3.0 2.8 2;7
678 30.5 1.203 6,620 26.4 3.1 2.7
679 30.4 1.180 6,5p0 26.5 3.0 2.7

675 42.3 1.264 6,840 29.8 4.2 3.0 3.0

47• 45.6 1.234 6,740 31.5 4.6 3.2
624 45.3 1.254 6,010 33.5 4.5 3.4 3.5
674 45.2 1.220 6,690 38.3 4,5 3.9

475 58.2 1,18 6,680 34.1 5.8 3.4
47? 56.0 1.214 6,COO 36.7 5.6 3.7
479 55.4 1.266 7,030 33.5 5.5 3.4 3.5
592 60.8 1.230 6,720 34.5 6.1 3.5

40 per cent RDX 60 per cent Salt (20-28)

484 2.6 1.4 4,700 2.4 .26 .24 .24

CONFIDENTIAL



OONFIDENTIAL

-20-

TABLE VII (conrt d)

Film No. L Pi D R L/d R/d R/d
Length (m/sec) (cm.) (ave.)

(Om.)
485 5.10 1.432 4,700 5.9 .51 0.6 .61
486 5.10 1.432 4,700 6.2 .51 0.6

487 7.7 1.423 4,600 9.4 .7? 0.9 .94

488 10.2 1.432 4,700 12.0 1.0 1.2 1.2
489 10.2 1.432 4,700 12.2 1.0 1.2

490 15.2 1.562 5,280 20.1 1.5 2.0
491 15.3 1.562 5,280 20.3 1.5 2.0 2.0

492 20.3 1.566 5,300 18.0 2.0 1.8
493 20.3 1.566 5,300 25.4 2.0 2.6 2.0
682 20.4 1.489 4,990 16.9 2.0 1.7

494 25.6 1.548 5,220 20.7 2.6 2.1
572 25.5 1.526 5,120 20.5 2.6 2.1
499 30.6 1.516 5,070 33.6 3.1 3.4
621 30.4 1.525 5,110 15.8 3.0 1.6 2.4681 30.6 1.532 5, 20.8 3.1 2.1

579 45.5 1.500 5,000 33.8 4.6 3.4
580 45.8 1.520 5,090 29.7 4.6 3.0 3.2

476 55.8 1.539 5,180 26.5 5.6 2.7
590 60.8 1.502 5,010 38.1 6.1 3.8
593 60.8 1.532 5,040 36.6 6.1 3.7 3.3
594 60.9 1.502 5,010 41.8 6.1 4.2
686 61,2 1.520 5,090 27.3 6.1 2.7
687 61.1 1.513 5,010 27,6 6.1 2.8

70 per cent RDX 30 per cent Salt
473 60.8 1.334 5,760 39.7 4.0
480 58.0 1.329 5,410 29.4 3.0
401 60.2 1.365 5,910 35.8 3.6
626 59.9 1.342 5,800 28.4 2.9
627 60.5 1.357 5,850 39,2 3.9 3.5
628 60.2 1.372 5,950 35.9 3.6
688 60.6 1.355 5,830 37.1 3.7
689 60.7 1.359 5,850 33.3 3.3

OONFIDENTIAL
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TABLE VIII i Wave Shape Measurements for

Granular (Vibrator-Packed) RDX-Glass Bead Mixtures in 9.94 am.

Diameter Cylindrical Charges

Flm No. L P1  D R R/d R/d
Length (u/0ea) (cm.), (a,.)(am.)

80 per cent RDX 20 per cent Glass (20-30)

739 60.8 1.340 6,150 44.7 4.5 4.7
741 60.9 1.334 6,150 49.0 4.9

40 per cent RDX 60 per cent Glua (20-30)

917 61.0 1.522 5,100 33.3 3.3 3.9
918 61.0 1.506 5,100 43.7 4.4

TABLE IX: Detonation Velocity-Density for Explosive-Salt Mixtures

D -m .q + S (61 - 1.0)

Explosive Nw D.O s

TNT 1.00 5010 3225
0.90 4710 3265
0.80 4405 3330
0.70 4050 3435
0.60 3610 3610
0.50 3070 3840
0.40 2415 4145

50-50 Pentolite 1.00 5480 3100
0.80 4940 3120
0.70 4600 3190
0.54 3885 3420
0.40 3070 3735

RDX 1.00 5900 3570
0.70 4935 3095
0.40 3300 3535
0.20 1730 4180

CO0?F'IM IAL
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Table Xi Detailed Wave Shape Data (x -dietance across diameter,
y adistance along time axis)

631 6i cont.. 618 cont. 60 cot cn
I(zi) x(m)' #i .30-9 U56 0.00 235 4840 3 2400

.00 0.00 4.29 36.04 1.50 2.60 0.58 51.86 3.1.6 27.00
1.27 3.58 3.42 41.18 2.11 5.20 0.00 52.13 3.12 30.00
2.11. 7.16 2.36 46.33 3.11 10.40 2.88 36.00
2.75 10,75 1.58 48.91 3.57 15.59 606 2.28 42.00
3.24 14.33 0.45 51.48 3.98 20.79 y(m) x( 1.81 45.00
3.58 17.91 0.00 52.18 4.0P 25.99 0,25 0.00 1.21 48,00
3.80 21.49 3.99 31.19 1.05 3.42 0.47 51.00
3.81 25.07 616 3.70 36.39 r.66 6.83 0.25 51.48
3.6" 28.66 (MM) X(MF ) 3.15 41.58 2.50 13.66
3.51 32.24 0.00 0.00 1.91 46,78 2.77 17.08 757L....
3.23 33.82, 1.20 2.57 1.19 49.38 3.01 20.50 7(5,,-,, x(m)J
2.80 39.40 1.96 5.35 0.00 51.80 3.11 23,91 0.19 0.00
2.15 42.98 3.14 10.30 3.08 27.33 1.04 3.00
1.27 46.57 3.73 15.44 6q4 2.63 34.16 1.68 6.00
0.02 49.90 4.17 20.59 y(m) x(mm) 2.38 37.58 2.56 12.00

4.35 25.74 0.21 0.00 1.96 40.99 3.04 18.00
622 4,37 30.89 3.32 3.46 1.34 44.41 3.19 24.00

RR =RaM 3.99 36.04 2.12. 6.91 0.61 47.82 3.12 27.00
0:05 0.00 3.45 41.18 2.62 10.37 0.00' 50.83 3.03 30.00
1429 3.56 2.51 46.33 3.27 17.29 2.72 36.00
2-.18 7.12 1.90 48.91 3.52 24o.20 608 2.06 42.00

2.85 10.68 1.05 51.48 3.43. 31.11 y(-um)x(m-) 1.56 45.00
"3.38 14.24 0.31 52.84 2.92 38.03 0.00 0.00 0.94 48.00
3.71 17.81 1.95 44.94 1.09 3.42 0.2.6 51.00
3.86 21.37 617 1.14 4-8.40 1.53 6.85 0.00 51.36
3,86 24-.93 ,Y(Mi) xr=7 0.00 51.86 2..76 13.69
3.78 28.49 0.00 0.00 2.99 17.12 . 58
3.56 32.05 1.43 2.60 605 3.15 20.54• (M)
3.18 35.61 2.22 5.20 y(mm) xi () 3.25 23.96 O00 0.00
2.69-39.17 3.31 10.40 0.48 0.00 3.25 27.38 o065 1.00
2.00 42.73 3.95 15.59 1.85 3.46 3.01 34.23 1.12 6,00
1.15 46.-29 40.3 20.79 2.68 6.91 2.93 37.65 1.89 12.00
0.00 49.85 4.38 25.99 3.24 10.37 1.98 44.50 2.31 18.00

4.26 31.19 3.69 13.83 1,28 47.92 2.62 24.00
U5 3.86 36.39 3.87 37.729 009, 51.35 2.67 27.00

.3,18 41.58 4.16 20.74 2.67 30.00
S1.36 0.00 2.25 46.78. 4.39 24.20 • 5--)..-- .76 2.53 36.00

2.49 2.47 1.65 49.38 4.53 27.66 ykm)1.99 42.00
3.1.0 5.15 0.59 51.98 4.59 31.321 040 0.00 1.68 45.00
4.21 10.30 0,16 52.81 4.45 34-.57 0;96 3.00 1.15 48.00
4.65 15.44 4.19 38.03 1453 6.00 0.57 51.00
4.96 20.59 618 3.74 41.48 2.44 12.00 0.34 51.81
5.01 25.74 ,(,n) -7 3.14 44.94 2*98 18.00

CONFIDMNTIAL
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2761 .65 ont. 966 0 ont. 2 610 cont.
0.2) x0.) 2.36 104 0.70 2.49 0o.5 4,4.90 06 81-2.
0.23 0.07 2.36 1.406 0.96 .489 0.56 44.014 0.69 12.25
1.13 9.73 2.59 18.07 1.25 7.34 0.27 46.46. 1.34 16.33
2.77 9345 2.84 25.68 1.64 312.24 0.00 68.90i 1.56 204.12.1.4 14.18 2.97 25,30 1.77 14.68 1.56 24.49

2s50 18.90 3,21 28.91 1.69 19.58 W 1.49 20.57
2.61 23.63 3.15 32.53 2.00 22.02 Y(u x(m 1.41 32.66
2.54 28.36 3.07 36.14 1.97 26.92 0.00 0,00 1.33 36.74
2.36 33.08 3.02 39.75 1.88 29.36 0.35 2.45 3.01 40.82
2.00 37.81. 2.91 43.37 1.71 34.26 0.68 4.89 0.81. 44.90
21.41 42.53 2.38 46.98 1.56 36.71 0.90 '7.34 0.32 48.98
0.53 47.'6 1.63 50.60 1.20 41.60 1.36 12.23
0.00 49,95 1.1-6 52.01 0.94 44.05 1..60 19.56 94

0.68 46.49 1.74. 22.013 y (nn ))
602 . 59 0.29 48.94 1.74 26.90 0.00 0.00

y mm) x(m) ymm) x(nm) 0.00 50.87 1.69 29.34 0.41 3.18
0.00 0.00 0.28 0.00 1.51 34.23 0.58 5.31
0.90 3.o40 1.05 4.73 267 11' 40 36.68 0.99 310.61
1.46 6.80 1.57 9.45 7c=) x(M) 1.20 39.-2 1.30 15.92
2.14 13.60 2.04 14.18 0.55 0.00 .. 06 4.57 3.42 21.22
2.54 20.39 2.30 18.90 0.96 2.45 `0.85 44.01 1.43 26.53
2.57 27.19 2.32 23.63 1.38 4.89 0.63 46.46 3.44 31.83
"2.38 33.99 2.35 28.36 1.56 7.34 0.13 48.90 1.24 37.14
1.85 40.79 2.22 33.08 1.92 12.24 1.01 42o44
1.22 44.319 2.02 37.81 2.06 19.58 .60 0.58 47.75
0.69, 47.59 1.65 42.53 2.05 22.02 y(min) x(ni) 0.32 50.13
0.16 50.99 0.86 47.26 1.98 26.92 0.00 0.00

0.00 53.14 1.93 29.36 0.83 3.42 ,985
1.75 34.26 1.23 6.85 ,(M) Xmi )

. X760 1.61 36.71 1.51 10.27 0.0 0.00
0.21 0.00 2(vi) X(FmZ 1.27 43.60 3.73. 33.69 0.22 2.65
0.66 .3.40 0.00 0.00 0.99 44.05 1.96 17.12 0.51 5.31
1.27 6.80 0.58 4.73 0.21 48.94 2.08 23.54 0.92 10.61
2.02 13.60 1.20 9.45 0.00 50.34 2.18 23.96 1.21 15,92
2.04 20,39 1.69 14.38 2,2.8 27,38 3.34 21.22
2.52 27.29 2.00 18.90 2 2.03 34.23 1.39 26.53
2.22 33.99 2.09 23.63 "Y7 ' J 3.90 37.65 1.29 31.83
1.77 40.79 2.1.5 28.36 0.2.0 0.00 1.71 41.08 1.04 37.14
0,92 47.59 1.99 33.08 0.50 2.45 3.43 44•50 0.63 42•.4.
0.1.5 50.99 .84 37.81. 0.73 4.89 3.o6 47.92 0.25 47.-7
0.00 51-.50 1.42 42.53 0.93 7.34 0.67 50.80 0.00 49.39

0.76 47.32 1.35 14.67
635 _ .21 50.34 1.43 19.56 996Fr(,m) x(WM) 1.48 22.O01 63.0 •,(m) x~m)

0.00 0.00 966 1.50 26.90 7(mm) xkm) 0.00 0.00
3.08 3.61 y.M) x(m4)..8 29.34 0.00 0.00 0.38 2.66
1.64 7.23 0.02 0.00 1.2rw 34.23 0.44 4.08 0.68 5.31
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986 o1 oon. t 1107, oont. 11 1UA cOn,
1.05 1.0.62 1.24 2.02 2,87 36.07 7(=m) Xk. 4.05
1.36 15,93 1.76 4.03 2.28 40.08 3.76 0.00 3,38 8.1.0
1.54 21.24 2.89 8.06 1.50 44.09 5.00 2.03 4,41 12.15
1.58 26.56 3.60 1.2.09 1.05 46.09 6.10 4.06 5.16 16.20
1.54 31.87 3.88 16.12 .67 48.10 6.93 6.09 5.70 20.25
1.39 37,18 4.10 20.15 .00 50.10 7.77 8.12 6.05 24.30
1.05 .42-49 4.23 24-.18 9.01. 12.17 6a12 28.35
0.57 47.80 4.06 28.21 1108 10.01 16.23 5.77 32.40
0.00 51.20 3.79 32.24 y(m) x(mnu) 10.22 18.26 5.12 36.45

3.25 36.27 0.00 0.00 10.38 20.29 4.37 40.50
287 2.66 40.30 0.38 2.02 30.47 22.32 3.21 44.55

y(m) x(mm) 3.76 44.33 0.80 4.04 10.51 24.35 2.46 46.58
S0.80 0.00 1.18 46.35 1.38 8.08 10.43 26.38 1.87 48.60

1.16 2.66 0.56 48.36 1.84 12.11 9.88 30.44 0.99 50.63
4.34 5.31 0.00 50.38 2.17 16.35 8.84 34.49 0.51 51.70

1.66 10.62 2.32 20.19 7,55 38.55
2,87 15.93 1106 2.44 24.23 6.66 40.58 10b
1.87 21.24 AM) Amm• 2.27 28.27 5.56 42.61 ym )
1.73 26.56 0.70 0.00 2.18 32.30 4.48 44.64 0.00 0.00
3.54 31.87 1.26 2.04 1.90 36.304 3.28 46.67 0.79 2.42
1.25 37.].8 3.72 4.07 1.62 40.38 1.62 48.70 1.29 4.83
0.98 42.49 2.46 8.15 1.16 44.42 0.00 50.40 2.37 9.66
0.53 47.80 3.03 12.22 0.83 46.44 3.04 14•.49
0.00 51.68 3.39 16.30 .44 48.46 1 3.41 19.32

3.54 20.37 0.09 50.48 y.,,_,_,, 3.74 24-.15
z ILo3 3.46 24•.4 0.78 0.00 3.59 28,98

7(ma) X(f--i) 3.33 28.52 1109 1.68 2.48 3.17 33.81
0,0 0.00 3.17 32.59 v(m) x(,m) 2.64 4.97 2.54 38.64
0.44 2.03 2.84 36.67 0.80 0.00 4.00 9.94 2.21 41.06
0.89 4.06 2.33. 40,74 1.38 2.01 5.15 14.90 3.71 43.'47
1.78 8.32 1.68 44.81 1.68 4.02 5,.38 37.39 1.29 45.89
2.59 32.38 1.18 46.85 2.09 8.04 5.67 19.87 0.79 48.30
2.97 16.24 0.56 48.89 2.32 12.05 5.81 22.36 0.59 49.51
3.21 20.30 0.00 50.56 2.53 16.07 5.69 24.84
3.39 24.36 2.59 20.09 5.68 27.32 .122
3.32 28.42 1107 2.62 24.11 5.48 29.81 y(') x-(am
3.10 32.48 y(ml x(m 2.48 28.13 4.97 34.78 0.00 0.00
2*.74 36.54 0.60 0.00 2.27 32.14 3.92 39.74 0.47 1.59
2.24 40.6o 0.97 2.00 2.09 36.1.6 2.46 44.71 0.79 3.18
S1.81 42.63 1.5; 4,01 1.61 40.18 1.70 47.20 1.80 6.36
1.45 44.66 2.24 8.02 1.16 44.20 0.46 49.68 2.16 9.55
0.94 46.69 2.75 12.02 0.86 46.21 0.00 50.62 2.79 1.2.73
0.34 48.72 3.16 16.03 0,47 48.22 3.31 15.91

3.33 20.04 0.00 50.23 3.11k 3.51 19.09
1130 3.58 24.05 . AM)x(iu) 3.50 22.27

M) x:(M) 3.48 28.06 0.00 0.00 3..42 25.46
0.33 0.00 3.35 32.06 1.0.0 2•,03 3,31 28.64
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2122 cont. 569 oont. - 767 cont, 96 aont.
3.22 31.82 1,71- 9"73 2.50 92.63 7.67 -27.94 6.81 43.97
3.1.6 35.00 .0.84 101.45 1.74 94•.09 8.32 39.o3 7.00 49.46
2.76 38.18 8.34 44.70 6.96 54.96
2.03 41.37 95i, 66, 8.27 50.28 6.87 60.46
1.71 42.96 y(mT) *mm(T 'y~m.. x(T ) 7.97 55.87 6.56 68.70
1.40 44.55 1.26 0.00 0.00 0.00 7.06 67.04 5.97 76.94
0.93 46,14 2.31, 2.85 1.73 4.05 6.40 72.63 5.28 82.44
0.53 47.73 314. 5.69 2.93 8.10 4.56 83.81 4.36 87.94

4.45 11.38 4.71 16.20 3.43 89.39 3.73 90.68
268 5.47 17.08 5.77 24.30 2.1.0 94.98 3.07 93.43S(mm) x(mmi 6.23 22.77 6.65 32.,40 0.40 .100.57 2.21 96.18

0.00 0.00 6.80 28.46 7.17 40.50 0.00 101.85 1.63 97.83
1.54 6.47 7.1.5 34.15 7.23 48.60
2.62 12.234 7.37 39.84 7.09 56.70 -- 981
3.62 18.51 7.43 45.54 6.73 64.80 y•uu • Y (mm) x(m
429 24,.68 7.36 51.23 6,02 72.90 0.65 OO0 O.00 0.00
4.80 30.86 7.09 56.92 5.04 81.00 1.84 2.88 1.87 6.43
5.19 37.03 6.7ý 62.61 4.64 89.10 2.75 5.77 3.81. 12.86
5.44 43.20 6.19 68.30 2.74 93.16 3.88 11.54 4.95 19.30
5.51 49.37 5.57 74.00 1.57 97.21 4.71, 17.30 6.05 25.73
5.50 55.54 4.65 79.69 0.39 99.88 5.49 23.07 6.8? 32.16
5.39 61.71 3.60 85.38 6.03 28.84 7.37 38.59
5.18 67.88 2.318 91.07 7 6.37 34.61 7.76 51.46
4.83 74.05 1.31 93.92.7(iaT (• J 6.48 40.38 7.,8 64.32
4.24 80.22 O.00 96.76 0.00 0.00 6.51 46.14 6.53 77.18
3.43 86.39 2.13 5.59 6.51 51.91 4.52 90.05
2.23 92.56 953 3.73 .11.17 6.32 57.68 2,82 96-48
0.32 98.73 Y(=) x(n) am .95 16.76 5.91 63.45 2Z05 99.50

0.00 0.00 5.82 22.35 5941 69.22
592 1.04 2o.81 7.11 33.52 4.74 74.98 502

Y(,•*) X(im) 2.00 5.61 7.44 39.11 3.82 80.75 y(mn) x( MM
0.00 0.00 3.43 11.23 7.74 44.70 3.00 86.52 0.39 0.00
2.11 6.327 4.60 16.84 7.80 50.28 2.11 89.40 2.07 6.29
3.52 12.34 5.48 22.46 7.74 55.87 1.36 92.29 3.4 22.5894.55 18.51 6.10 28.07 7,51 61.46 0.39 95.17 5.66 25.16
5.24 24.68 6.65 33.68 6,50 72.63 0.00 96.33 6.45 31.45
5.85 30.86 7.03 39.30 4.62 83.81 6.84 37.746.28 37.03 7.13 42.13 3.39 89.39 260 7,1.9 50.32
6.49 43.20 7.22 4.91 1.59 94.98 (Y) X(m) 7.19 56.61
6.57 49.37 7.28 50.53 0.26 98.11 0.00 0.00 6.81 62.90
6.57 55.54 7.23 56.14 0.99 2.75 5.22 75.48
6.26 61.71 7.06 61.75 _ 767 1.71 M50 4.22 81.77
5.99 67.88 6.72 67.37 T(=) x(i) 3.19 10.99 2.97 88.06
5.60 74.05 6.20 72.98 1.45 0.00 4.25 16.49 1.17 94.35
5.06 80.22 5.51 78.60 3.51. 5.59 5.01 21.98 0.00 97.50
4.44 86.39 4.55 84.21 5.04 11.17 5.89 30.23
3.40 92.56 3.29 89.82 7.20 22.35 6.54 38.47
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58 926 cont.Zýaot 708 cont. 958 cont.
K~m) Xcýn) 5.1. 1.69 4 .31 95.21 5.60 1".2

.00 U0600 6.01 22.54 9.94 52.21 3.00 89.69 7'06 16,88
1.59 6.33 6.64 28.1.7 9.82, 56.,71 1,24 94,18 6•2 22.50
3.11 12,267 7.3.8 33.80 9,53 61.22. 0.13 96.15 8.77 28.13
4.07 29.00 7.51 39,.44 8,56 70,21 9.35 33.76
4.87 25.33 7.72 '45 07 6.86 79,2 1. 586 9.60 39.38
5.52 31.67 7.74 50:71 5.57 83,71 7(mm) x(m=) 9.72 45.01
6.02 38-00 7.63 56.34 4.06 88.21 0.00 0,00 9.72 50.63
6.25 44,33 7.39 61.97 2.25 92 .71 3,21 6..36 9.60 56,26
6.25 ý0.66 6.95 67.61 0.05 97.21 5.64 12.72 9.31 61,89
6.2C 57.00 6-35 73.24 7-55 19 .0 8 8.77 '67-51.
5.90 63-33 5.53 78.88 70 9.18 25.44+ 8.04 73.14
5:38 69.66 4.41 84.51• ylO ~m .0-4 31.80 7.24 78.76
4.60 .76.00 2.95 90.14 0.oo 0.00 22-34 38,16 6.05 84.39
3.69 82.33 2.02 92.99 2.14 4.49 11.73 44.52 4.30 90.02
2.20 98.66 1.15 95:16 3.69 8-97 1.1.89 50.88 3.34 92.83

6.16 17.94 1.1-73 57;24 2.1J+ 96.09
S935 703 7.62 26.91 11-53 63.60

y(Mm) x~mm) y(ma) x(m")" 8.64+ 35.88 10,51 69,96 449
0,20'0.00 0.84 0.00 8.78 40.36 9.24 76.32 A~M) X(,M7

S1.71 2,84 1.94 2.34 8.84 44.85 7.86 81.54 0.00 0.00
,2.68 5.68 3,38 6,84 8.75 49.33 1,65 6.17

4•.10 21-.36 5.1.6 1.5.84 8.51 53-81 587 3.43 12.34
5.34 17.05 6.48 24-84 7.72 62.78 y(mm) xfm.n) 4+.40 18.51
6.28 22.73 7.40 33.84 6.46 71.75 0.00 0,00 5.28 24.68
7,06 28.41 7.67 38:34 4.68 80.72 2.91 6.36 5.76 30-85
7.50 34o09 7.76 42.85 3.52 83.21 5.26 12.72 5.93 37.02
7.80 39.77 7.82 47.35 2.3.7 89.69 7.20 19.07 5.93 43.19
7.97 45.46 7.78 51.85 0.99.0 8.79 25.43 5.93 49.36
7.97 51.14 7.64 56.35 08 9.73 31.79 5.68 55.53
7.89 56.82 7,43 60.85 108-40.A 38.15 5.45 61.70
7.62 62.50 6.76 69,95 ym)x(m) 30-87 44.531 5e.1O 67.87
7.07 68.1M 5.54 78.83 0.0M0 0.00 10.95 30.96 4.58 74.O4
6.38 73-97 4.53 83.35 2.42 4.49 10.73 57.22 3.90 80,21
5.54 79.55 3.28 87:85 4.36 8.96 10.31 63.58 2.72 86.38
4,.53 85.23 l..69 92.35 6.00 13.45 9o.48 69.94 .85 92.55
3.2.5 90.91. 0.00 96.22 7.1.9 2.7.94 8.29 76.00 -2,23 98.72

2.693.75 8.46 26.9! 6.83 82.65 -2.40 99.87
1.41! 96.59 -705 9.17 35.88 4•.86 89.01
0.00 99.221 M'•) xNm 9.40 4o.06 2.99 95.37 408

0.0 OOn 9./49 44.8 5 0.09 98.99 y(m) x(mm)
956 1.76 2.70 9.56 49.33 0.00 0.00

-Tm iF r 1 3.78 7.20 9.47 53.83 958 1.30 8.75
-O, Oc0.0 6.32 16.20 9.23 59.30 •"(m) xkm{) 2.03 17.51

1.,75 2.42 7.99 25.20 8.s5 62.79 0.00 0.00 2.55 26.26
2.73 5.03 9,O4 34.20 7.34 71.75 2.26 2.81 3,14 35.01
3s96 11,27 9.70 43.21 5.4+5 80.72 3.60 5.63 3.47 43,77
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ct 403 979 cont.- 0 ont. 7 ii3-•54 52.52 Fmm)X(• 44.81 41 .3• 5 -. 30 99-67 2.65 90-33

3.50 61.27 o.o00 0.00 5.05 48.24 1.85 93.55
3.02 70.03 .93 8.05 5.06 55.14 975 0.79 96.78
2.25 78.78 2.04 16.Ul 4.91 62.03 y(=) x(m) 0.00 98.65
1.37 87.53 2.72 24.16 4.79 68.92 0.77 0.00
.03 96.29 3.27 32.21 4.38 75.81 2.49 q.()5 685

-. 84 99.70 3.57 40.27 3.62 82.70 3.89 18.o10 (im) x(mm)
3.77 48.32 2.51 89.60 4.22 27.25 1.19. 0.00

j51 3.,78 56.37 1.30 96.49 4.35 36.20 2.46 3.02
V(m) X(4 ) 3.90 64.43 0.00 100.21 4.40 45.25 3.37 6.03
0.00 0.00 3.69 72.48 4.25 54.30 4.72 32.206
1.87 6.07 3.17 80,53 980 3.66 63.35 5.63 18.09
3.14 12.14 2,11 88.34 y(i) x(n) 2.62 72.40 6.61 30.16
3.95 18.20 .71 96A64 2.43 0.00 1.59 81.45 6.99 42.22
4.60 24.27 3.16 3.45 0.00 86.79 6.99 48.25
5.01 30.3U 3.68 6.89 976 6.85 .4.28
5.27 36.41. 44.63 13.78 y(T) x(i-) 6.17 66.34
5.22 42.-48 y(m x(mm7 5.47 20.68 0.03 0.00 4.90 78.40
5.05 48.54 0.00 0.00 5.83 27.57 1.80 9.05 3.83 84.43
4.75 54.61 2.48 5.19 5.97 34.46 3.39 28.10 2.44 10.47
S4.6 60.68 3.32 10.38 5.97 41.35 4.29 27..5 1,66 ýi.h
4.09 66.75 4.28 .5.-57 6.02 48.24 5.11 36.20 0.65 96.50
3.69 72682 4.87 20.76 5.85 55.14 5.01 45i25 0a00 97.04
3.10 78.89 5.24 25.95 5.54 62.03 4.91 54.30
2.4]. 4..95 5.51 31.14 5.01 68.92 4.49 63.35

.85 91.02 5.63 36.33 4.46 75.81 3.65 72.40 Amm) x(m)
.-154 97.09 5.56 42-.9' 3.52 82.70 2,64 81.45 1.62 0.00

-1.70 99.70 5.71 46.71 2.14 89.60, 0.97 90.50 3.7M 6.37
5.81 5,1.90 1.16 93.04 0.00 94.8/4 5.04 12.74

OS. 5.81 57.09 0.00 96.63 5.79 19.11
y(nm) x(mm) 5.24 62.2$ 733 6.33 25.48
0,00 0400 4.83 67.47. 407 j~ii7YX(nm7 6.67 31.85
2.80 7.29. 4.60 72.66 y-(m)--() 0.11 0.00 6.92 38.21
4.51. 14.58 3.90 77.85 0.00 0.00 1.37 3.23 6.99 44.58
5.36 21.86 3.23 83.04 2,68 7.27 2.20 6.45 7.00 50.95
6.07 29.15 1.89 88.23 4.03 14.54 3.65 1.2.90 6.85 57.32
6.61 36.44 .29 93.42 5,13 21.81 4.67 19.36 6.48 63.69
7.26 43.73 6.00 29.08 5.43 25.83. 6.04 70.06
7.09 51.02 2979 6.78 36.35 5.97 32.26 5,45 76.43
6.76 58.30 C 7.10 43.62 6.25 38.71 4.61 82.80
6.32 65.59 0.00 0.00 7.33 50.89 6.39 45.16 3.49 89.17
5.22 72o88 0:92 3.45 7:08 5.316 6.42 51.62 1.81 950546.85 65.43 6.28 58.07 O.,.';'.•,7,

1.93 87.46 3.07 1.3.78 5.68 72.70 6.05 64.52
.07 94.74 3.70 20.68 4.68 79.97 5.56 70.97 732

43.16 27.57 3.24 87.2 4 4.3 77.42 y(A )x(M)
4.55 34.46 1,63 94.51 3.99 83.88 0.00 0.00
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_ 732 740 cont. 1020 oont. 1020 a cont. 1024 cont.
304C 3.24 3.02 ° 2.61 27.78 2.23 31210 2.i1 37.45
2.21 6.47 3.98 1.2.98 2.58 29.51 2.15 34.23 1.92 40.57
3.53 12.94 4.84 17.30 2.49 32.98 2.08 37.32 1.58 43.69
4.40 19.42 5.59 21.62 2.41 34.72 2.04 40.43 1.20 46.82
5.08 25.89 6.09 25.95 2.1.7 38.19 1.86 43.54 0.91 49.00
5.52 32.36 7.09 34.60 1.98 39.93 1.4I9 46.65
5,79 38.83 7.69 43.26 1.55 43.40 1.08 49.76 1025L
6.02 45.30 7.88 51,91 1.35 45.14 1.02 50.85 y(AM) xm)
6.22 51.78 7.85 60.56 0.75 48.61 0.00 O.OO
6.00 58.25 7.47 69.21 0.51: 50.34 1022 0.22 3.15
5.66 64.72 6.74 77.86 0.22 52.08 y(Tmm) x(im) 0.69 6.30
5.43 73.•9 5.62 86.51 0.00 53.00 0.04 0.00 1.29 9.46
4.95 77.66 4.70 90.84 000 1.74 1.,96 12.61
4.38 84-.4 3.64 95.16 1021 - 0.26 3,47 2.47 15,76
3.85 87.37 1.52 99.83 y(mm) x(mm) 0.48 5.21 2.88 1.8.91
3.32 90.61 0.77 0.00 0.80 8.68 3.13 22.06
2.70 93.84 3,012 0.97 1.74 1.19 12.15 3.16 25.22
2.04 970.8 Y(M) x(Mi) 2.14 3.47 1.57 15.62 3.26 28.37
1.0Z' 100.32 0.00 0.00 1.42 6.94 1.84 19.10 3.23 31.52
0.86 1.00.90 0.48 2.66 1.64 1.0.42 1.90 22.57 3.25 34.67

1.11 5.32 .,78 13.89 2.03 26.04 3.11 37.82
233 1.65 7,97 1.95 3.7,36 2,10 27.78 2.95 40.98

2(mm) x(m.) 265 13.29 2.12 20.83 2.l0 29.51 2.59 4.13
0.11 0.00 3.14 15.95 2.19 24.30 2.12 31.25 2.46 47.28
1.37 3.23 3,56 22.26 2.12 27.78 2.10 32,98
2.20 6.45 3.81 23.92 2.08 31.25 2.01 36.46 1026
3.65 12.90 4.14 29.24 1.83 34.72 1.94 39.93 (mm) X(mm)
4.67 19.36 4.09 31.90 1.55 38.19 1.68 43.40 0.00 0.00
5.43 25.81 3.84 37.21 1.11 41.66 1.44 46.87 0.39 3.11
5.97 32.26 3.63 39.87 0.87 43.,0 1.31 48.61 0.68 6.23
6,25 38,71 3.36 42,53 0.58 45.14 1.11 50.34 0.86 9.34
6.39 45.3.6 3.05 45,19 0.34 46.87 0.93 51.68 0.99 12.46
6,42 51.62 2.57 47.84 0.09 48.61 1.15 15.57
6.28 58.07, 0.00 49.04 202 1.26 18.68
6.05 64.•52 1.020 o 9m) x(, 1.40 21.80
5.56 70.97 y(m) x(m) .3 0.0 0.00 1.42 24.91
4.93 77.42 0.82 0.00 Fim) x(mi) 0.60 3.12 1.49 28.03
3.99 83.88 1.03 3.74 0.00 3.00 1.05 6.24 3.53 31.14
2.65 90.33 1.26 3.47 0.51 3.12. 1.•48 9.36 3.49 34.25
1.85 93.55 3.69 6.94 o.Ao 6.22 1.81 1.2.-48 1.44 37.37
0.79 96.78 3.79 8.68 1.10 9.33 2.02 15.61 1.44 40.48
0.00 98.65 2.12 12.15 1.48 12.44 2.27 18.73 3.37 43.60

2.20 13.89 1.72 15.55 2.33 21.85 1.15 46.71
7 2.41 17.36 3.97 18.66 2.37 24.97 0.94 49.82

jim) x~ 2,48 29.30 2.2.9 21.77 2,33 28,09 0.76 50,57
0.00 0.00 2.63 22.57 2.30 24.88 2.28 31,21.
1.77 4-.33 2.61 24.30 2.28 27.99 2.21 34,33

CON FIDENTIAL

R.. . . ... .. .. . .



CONF'IDENTIAL

-29-

1027 11-1.2 cont. 1113 aot. 1123 contg 48
Am,•) xtmn) 1 .64 P-1.7 1.49 12.08 3.54 3'7.78 199 34

0.00 0.00 1.37 32.19 1.75 16.10 3.51 40.92 4.94 6.86
0.27 3.32 1.32 36.22 3.96 20.13 3.24 44.07 6.90 10.28
0.54 6.23 0.99 40.24 2.14 24.36 3.23, 45.65 8.93 13.71
0.85 9.35 0.81 44.26 2.27 28.18 3.1.3 47.22 10.65 20.57
1.01 12.46 0.34 48.29 2.18 32.21 13.60 27.42
1.25 15.58 1.95 36.23 555 1.5,97 34.28
1.45 18.70 3.16a 1.84 40.26 y(m) x(i) 16.77 4.1-4
1.59 23.81 ;(mm) 1.73 44.29 1.55 0.00 17.46 47.99
1.55 24.93 0.30 0.00 1.70 46.30 7.50 7.80 17.28 54.85
1.47 28.04 0.91 1.99 1.66 48.31 23358 17,80 1.7.02 61.70
1.45 31.16 1.53 3.97 1.38 50.33 18.50 27.81 16.29 68.56
a.53 34.28 2.32 7.94 0.94 51.82 20.56 34.47 15.58 75.42
1.25 37.39 3.1.1 11.92 21.01 41.14 14.40 82.27
0.80 40.51 3.56, 15.89 167 21.20 47.81 12.23 89.13
0,66 43.62 3.62 39.86 y(m) x(mm) 20.82 54.48 8.18 99,98
0.54 46.74 3.37 23.83 0700 0.00 20.19 61.15 6.32 99.41
0.38 49.86 3.31 27.80 0639 2.36 18,63 67.81

2.86 31.78 0.98 4.71 14.72 77.82 457
.1028 2.42 35.75 2.16 9.42 8.66 A7.82 yW x~m

v(mm) x( 3.7 1-73 39.72 2.63 3.414 13.23 97.82 0.39 0.00
0.00 0.00 1.18 42.71 2.83 3.8.85 0.00 99.39 1.44 3.32
0.21 3.09 0.73 43.69 2,92 23.56 3.4.1 6.64
0.44 6.17 0.00 45.68 2.85 28.27 .56 5.58 13.28
0.66 9.26 2.64 32.98 y(nmi)x(n) 8.76 19.91
0.85 12.34 11.69 2./49 37.70 2.67 0.00 3.3.06 26.55
0.94 15.43 y(m* x(-) 2.24 42.41 4.29 3.36 31.95 33.19
0.98 18.51. 0.00 0.00 2.07 44.76 6.64 6.73 12.67 39.83
1.01 21.60 0.46 2.13 1.75 47.12 3.3.45 13.42 13.29 46.47
1.01 24.68 0.70 4.25 1.41 49.48 25.32 20.13 13.18 53.10
1.01 27.77 1.15 6.38 3.15 50.80 18.86 26,84 12.90 59.74
0.98 30.85 1.78 10.64 21.41 33.55 11.86 66,38
0.98 33.94 2.19 3.4.89 1 23.06 40.26 10.36 73.02
0.85 37.02 2.37 19.14 / 23.88 46.97 8.09 79.66

S0.66 40.ll. 2.49 23.40 0.00 0.00 23.47 53.68 6.02 86.29
0.'19 43.19 2.41 27.65 0.30 1.57 22.33 60.39 2.25 92.93
0.34 46.28 2.09 31.91 0.71 3.3.5 20.64 67.10 0.00 99.40

1.71 36.16 1.53. 6.30 17.83 73.81
1112 3.05 40,41 1.98 9.44 1.4.27 80.52 459

7y(m) x(=) 0.54 42.54 2.43 12.59 9.90 87.23 y(nu x m)
0.00 0.00 2.72 15.74 5.06 93.94 2.99 0,00
0.53 4,02 1113 3.06 18.89 3.40 95.79 4.62 3.35
0.99 8.05 Y{) x(m) 3.34 22.04 0.00 99.41 5.55 6.71
1.30 12.07 0.00 0.00 3.52 25.18 8.45 13.42
3.48 16.10 0.22 2.01 3.56 28.33 3 .042 20.12
1.62 20.12 0.49 4.03 3.57 31.48 y(-m)ix-(m-• 32.26 26.83
1.64 24.1.4 1.00 8.05 3.56 34.63 0.00 0.00 33.03 33.54
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4+59 .cont, 4.,6Z cont. 46 ot 620 672ca
13.67 40.25 o12 55.33 . 10 7)- 4,52 92.9)

13.72 46.96 3.51 15.99 4.07 21.48 0.00 0.00 0.43 98.02
13.65 53.66 4.90 26.65 5.21 32.22 1.23 4.-15
13.05 60.37 5.89 37.31 5.85 42.96 1.97 8.30 675
11.97 67.08 6.32 47.97 6.13 48.33 3.02 3.6.60 Y(M) x(M)
10.22 73.79 6.35 53.30 6.01 53.70 3.82 24.90 0.57 0.00
8.43 80.50 6.44 58.63 5.85 64.44 4.47 33.20 1.45 '4.16
5.95 87.20 5.33 69.29 4,98 75.18 4.88 41.50 2.02 8.32
2.77 93.91 3.97 79.95 3.70 85.92 4.97 49.80 3.00 16.6,
0.00 99.41 2.30 90.61 2.38 96.66 4.Ql 58.10 3.68 24.95

0.04 99.41 1.97 99.40 4-.59 66.40 4.18 33.26
41 4.06 74.70 4.•8 41.58

ram) xkm i ý6 576 . 3.26 83.00 4.48 49.90
0.34 0.00 ,m) x(MR) y(mm) x(m) 2.21 91.30 4,30 58.21
1.91 5.50 0.00 0.00 2.63 0.00 1.53 95.45 3,n9 66.53
3,41, 1.099 0.70 5.49 3.26 3.91. 0.75 99.60 3.32 71"84
5.02 23.98 2.51. 16.•47 4.01 1.0.54 0.29 103.'.76 2.52 8'.16
6.28 32.97 ý.74 27.-45 5.35 23.79 2.05 87.32
7.51 413.96 4.51 38.42 5.73 30.42 678 .45 91.48
7.90 49.46 4.6o 49.40 5.91 37.04 Y(uu) x(m) 0.77 95.63
7.85 54.95. 4.77 54.89 5.91 50.30 0.54 0.00 0.00 98.88
2.13 65.94 4.68 60.38 5.49 56.92 1.97 6.20
5.03 76.93 4.13 71.36 4.84 63.55 2.90 12.39 .57
2.76 87.92 3.31 82.34 3.75 76.80 4.27 24.78 Y(M) X(M)
0.00 99.41 1.28 93.31 2.79 83.43 5.06 37.18 1.29 0.00

0.29 99.41 1.71 90.06 5.18 43.37 1.97 6.37
02 0.00 96.68 5.12 49.57 3.17 19.11

y(mA) xkJ) 465 4.98 55.77 3.40 25.48
0.00 0.00 7 mm) ximm) 619 4.68 61.96 3.57 31.85
0.96 5.34 0.60 0.00 (nm) x(mii 3.70 74.35 3.52 44.59
2.33 10.68 1.66 5.40 0.27 0.00 2.30 86.74 3.29 50.96
5.16 21.35 2.72 10.79 1,38 3*82 1.35 92.94 2.99 57.33
6.77 32.03 3.87 21.58 2.17 7.97 0.00 99.14 2.25 70.06
7.43 42.70 4.68 32.37 3.41 16.27 1.78 76.43
7.70 48.04 4.85 43.17 4.34 24.57 672 1.04 82.80
7.88 53.38 4.99 48.56 5.09 32.87 y(mm) x(mm) 0.00 89.17
7.70 58.72 4.68 53.96 5.55 41.917 0.00 0.00
7.43 64.06 4-.3 64.75 5.72 49.47 1.64 6.20 624
6.55 74-.73 3.56 75.54 5.48 57.77 2.60 12.39 Y(mi) X(mm)
4.13 85.41 2.73 86.34 5.04 66.07 4.03 24.78 0.89 0.00
2.893 90.75 1.38 93.73 4.40 74.37 4.99 37.18 1.76 6.38
1.35 96.08 0.00 99.39 3.43 82.67 5.16 43.37 2.67 12.76
0.43 99.39 2.22 90.97 5.21 49.57 3.45 25.53

.. 466 ,, 53 95.12 5.11 55.76 3.84 38.29
&62 y(mm) x(M)' 0.71 99.27 4.85 61.96 3.91 51.06

Y(im) X(mJ 0.00 0.00 0.00 102.01 3.93 74.35 3.52 63.82
0.00 0.00 1.32 5.37 2.43 86.74 2.85 76.58
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6. 478 cont. 4% otO 8 4 oontrt-
I ZT .35 3.22 58.99 32.4 49.47 y(,) x( ,) 10.43 hle81
0.53 95.73 2.92 68.82 32.18 52.99 .04 0.00 9.78 68.00
0.00 99.62 2.40 78.66 31.17 56.78 1.70 3.64 7.42 80.36

1.38 88.49 29.84 60.56 3.36 7.27 4.91 89.63
6 0.79 93.40 28.06 64.35 6.23 14.55 2.50 95.81

y(mm) x(n) 00.0 99.40 20.71 75.70 A.15 21.82 1.1.2 99.40
0.00 0.00 33.62 87.06 10.54 29.10
0.77 4.16 ... _ 4.92 94.63 12.21 36.37 490
1.22 8.32 y(ot)Y(m) .68 99.40 32.94 43.64 7i7() X(M)
2.03 16.63 2.94 10.15 33.10 50.92 0.00 0.00
2.62 24.95 3.62 20,30 485 32.64 58.19 1.05 3.43
3.02 33.26 4.08 30.44 y(im7*(mm) 11.61 65.47 1.82 6.85
3s28 43.58 4.50 40.59 0.00 0.00 10.04 72.74 2.21 10.28
3.46 49.90 4.46 50.74 2.1.0 3.66 7.84 80.01 3.82 20.56
3.37 58.21 4.00 60.,9 4.42 7.33 5.23 87.29 5.21 30.85
3.11 66.53 3.36 71.04 8.34 14.66 2.14 94.56 6.04 41.13
2.81, 74.84, 2.43. 81.18 12.44 21,98 .33 98.20 6.09 44.56
2.39 83.16 1.05 91.33 1.5,77 29.31 6.12 47.99
3.68 93.48 0.44 96.41 18.90 36.64 488 6.05 51.41
1.17 95.63 0.00 99.40 20.79 43.97 im) X(n)' 5.43 6,.740.63 97.55 21,47 51.29 1.78 o.oo 4.25 71,96

-42- 21.12 58.62 4.04 3.6hL 3.41 62.26
.Z75 Y(=Yi(=7 16.93 73.28 4.87 7.28 2.12 92.50

y(nim) X(MM 0.00 o.00 23.29 80.60 6.81 14.56 1.35 95.97
0.00 0.00 0.61 6.43 9.84 87.93 8.76 21.84 ,14 99.40
0.82 4.85 1.77 3.9.29 7.63 91.60 1.0-45 29.12
1.66 9.70 2.19 25.73 5.34 95.26 10.99 36.40 4 9
2.90 3.9o42 2.46 32.16 2,81 98,.2 11.31 43.68 i(i) X(mm)
3.70 29.12 2.77 38.59 M.77 100,3. 13-.39 50.96 1.39 4.66
4.03 38.83 3.02 45.02 1.0.92 58.24 2.58 9.32
4.13 48.54 3.19 51.45 186 10.04 65,51 4.71 18.67
4.10 58.25 3.26 57.88 Y(m) x(n) 8.54 72.79 5.68 28.01
3.96 67.96 3.39 64.31 0.00 0.00 6.70 80.07 6.45 37.35
2.51 77.66 2.97 70.74 2.79 3.65 4.45 87.35 6.81 46.69
2.74 87.37 -.49 77.17 5.33 7.30 1.82 94.63 6.85 56.03
1.83 97.08 1.90 83.60 9.73 14.61 .46 98.27 6.63 65.36
3.15 9941, 1.25 90.03 13.95 21.91 0,00 99.40 5.50 74.70

0.58 93.44 17.47 29.21 4.02 84.04
47 19.38 36.52 489 2.67 93.38

,(M) XW 44 20.74 43.82 Yp(mm) =(r) 1.63 98.04
0.14 0,00 y(0m).X(m00 21,24 51.12 2.07 6.18 1.05 99.94
0.86 4.92 0.00 0.00 20,.3 58.43 6.21 18.54
1.43 9.83 7.01 7.57 18.46 65.73 9.1.5 30.91 h92
2,34 19.66 13.26 15.314 35.06 73.03 9.95 37.09 =Y(j X(m)
2.64 29.50 24.72 30.28 32.19 80.33 30.67 43.27 0.00 0.00
2.85 39.33 30.81 41.64 8.59 87.64 10.97 49.45 1.44 4.66
3.04 49.16 32.43 49.23. 1.24 99,40 10.90 55.63 3.10 9.32
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492 cont. h5cn.621 22cn- O ot
5.58 18.64* 6.0 509 F ) xfmm) 2oS7#9 44 07

7.65 27.96 6.68 8.96 0.00- 0.00 1.07 82.95 3.37 80.85
8.53 37.28 7.92 17.91 1.92 4.13 0.31 87.83 1.45 90.95
9.09 46.60 8.82 26.87 3.44 8.26 0.00 99.39
9.49 55.92 9.17 35.82 6.02 16.52 80.
9.54 79.22 9.27 44.78 7.18 24-.79 ym) x(.1 9
8.84 83.88 9.09 53.73 7.95 33.05 0.00 0.00 y(M) Am)
7.06 93.20 8.31 62.69 8.14 41.31 0.88 4.85 0.00 o.00
6.17 97.86 7.17 71.64 8.62 49.57 2.07 1-.56 0.89 6.33
5.81 99.40 5.63 80.60 8.54 57.83 3.24 .24.27 2.04 19.00

3.37 89.55 8.12 66.10 3.80 33.97 2.39 25.33
4 2.51 92.54 7.18 74.36 3.87 43.68 2.58 31.67

S1.65 95.52 5.76 82.62 3.76 53.39 3.02 44.33
77 0.00 0.34 98.51 4.04 90.88 3.30 63.09 3.04 50.67
4,• 4.61 0.00 99.40 2.92 95.01 2-72 72.80 2.97 57.00

4.35 9.22 1.39 99.76 1.94 82.50 2.73 63.33
35.1, 18.43 j72 1.26 87.36 2.60 69.66
5.63 27.65 7(mm) x() 681 2.22 76.00
6.10 36.86 0.00 0.00 y(m) 77=7 73 1.65 82.33
6.56, 46.()8 1.23 4.88 0.34 0,00 y(nmi x(mmT 1.18 86.57
6.64 55.30 2.45 11.13 2.17 6.25 0.77 0.00
5,92 64.51. 4.55 23.63 3.30 32.49 2.11 4.97 593
5.05 73.73 5.15 29.88 4.15 18.74 2.84 9.93 A(M) x(M)
3.50 82,94 5.60 36.13 5.11 24.98 4.45 19.86 0.42 0.00
2.08 92.16 6.04 48.63 5.80 31.23 5.60 27.79 1.17 6.60
0.00 99.40 5.95 54.88 6.42 37.48 6.45 39.72 2.28 19.80

5.82 61.13 6.72 43.72 6.59 44.69 2.75 26.40
682 4.97 73.63 6.90 49.97 6.58 49.65 3.01 33.00

y(••) x(4 ) 4.31 79.88 6.7,% 56.21 6.57 54.62 3.14 46.21
0.00 0.00 3.23. 86.1.3 6.32 62.46 6.47 59.58 3.10 52.81
2.20 6.31 1.93 92.38 5.64 68.71 5.70 69.51 2.87 59.41
4.03 12.62 1.42 95.00 4.87 74-.95 4.78 79.44 2.21 72.61
6.96 25.24 4.16 81.20 4.12 84.41 1.70 79.21
8.56 37.85 09 2.95 87.44 3.54 89.37 0.97 85.81
8.98 44.16 y{=Ti(-= 1.60 93.69 2.59 94.34 0.00 92.41
9.06 50.47 0.00 0.00 0.00 98.81 0.00 99.55
9.00 56.78 0.37 4.50 5948.85 63.09 1.30 13.50 ... 579 476 7(mm3 X(.,,)
7.70 75.73. 2.03 22.50 yM) xzm 7(m) xtmi ) 3.02 O.o0
5.59 88.33 2.77 31.50 0.00 0.00 1.56 0.00 3.58 6.60
4.31. 94.64 3.42 40.50 0.84 4.88 2.29 5.05 4.04 19.80
3.32 99.3.8 3.13 49.50 1.62 l4.64 3.50 10.11 4.08 26.40

2.69 r8.51 2.28 24.40 5.12 20.21 4.08 33.00
494 2.04 67.51 2.74 34-..5 5.92 30.32 3.94 39.60

-y(-m-) x(,,) 1.52 76.51 3.05 43.91 6.13 40.42 348 52.81
4.50 0.00 0.69 85.51 3.00 53.67 5.98 50.53 3.47 59.41
5.74 2.99 0.09 90.01 2.71 63.43 5.54 60.64 2.75 72.61
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1.10 85.81 .98 92.30 1.24 0.00 0.00 0.00 0.63 95.90
0,00 92.41 0.00 99.40 2.14 6.44 0.76 3.87 0.00 99.82

2.66 12.88 1.41 7,74
6, 3.48 25.76 2.43 15.47 (1)AM,) A(Mn) ,MM) AM-l) 3.88 38,63 3.21 23.21 ymm) X[m)

0.00 0.00 0.00. 0.00 3,88 51.51 3.79 30.95 2.90 000
1.77 7.75 .86 5.00 3.45 64.39 4.20 38.69 3.54 4.04
2.82 15,49 1,77 10.01 2.75 77.26 4.41 46.L2 4.05 8.08
3,64 23,24 2.84 20.01 1,48 90.15 4.37 54.16 4.81 16.16
4.28 30.98 3.76 30.02 0.64 96,59 4.96 61.90 5.24 249.24
4,80 38.73 4.18 40.02 0.00 100.06 3,85 69.63 5.58 32.32
5.08 46.48 4.60 50.03 3.39 77.37 5.69 40.40
5.14 54.22 4..41 60.03 628 2.81 85.11+ 5.45 48.48
5.24 61.97 4.00 70.04 A' T3)xkm) 1.92 92,84 5.14 56,56
5,21 69.71 3.15 80.04 0.51 0.00 1.21 96.71 4.49 64.64
4.89 77.46 1.99 90.05 1.59 6.40 0.41 100.35 3.82 72.72
+•4.24 85*21 .71 99,40 2.28 12,80 3,02 80.80
2.96 92.95 3.11 25.59 722. 2.13 88.88
1.97 96.8 3 . 3.59 38.39 7 () 25=7 1.56 92.92
0.61 100.:2 y(uinYx-u 3.61 51.18 0.00 0.00 0.80 96.96

1.31 0.00 3.16 63.98 1.22 8.67 0.00 99.91
S1.82 10.04 2.47 76.78 1.86 17.35

*yz (mJ 2.50 20,07 1.88 R3.17 2.35 26.02
1.94 0.00 3.30 30.11 1.27 A9.57 2.59 34.69 y(mm) x(m)
4.43 7.75 3.73 40.14 0.37 95.97 2.91 43-37 0.00 0.00
5.46 15.49 3.92 50.18 0.00 99.04 2.94 52.04 0.80 4.04
6.57 30.98 3.53 6o.21 2.91 60o.71 1.20 8.08
6.86 46.48 3,04 70.25 688 2.71 69.38 1.99 16.16
6166 54.22 2.30 80.28 (m)x 7 2.51 78.06 2.53 24.24
6.22 61.97 1.14 90.32 0.56 0.00 1.82 86.73 2.92 32.32
4.79 -7.746 .46 95.34 1.34 3.87 0.45 95.40 3.22 40.40
3.70 65.21. 0.00 99,40 1.89 7.74 3.45 48.48
2.46 92.95 2.63 15.47 7kl. 3.55 52.52
0.00 100.16 626 3.20 23.21 y(,) x(mJ 3.49 56.56

7(m) X(m') 3.65 30.95 0.39 0.00 3.40 64.64
,4?3 2.91 0.00 -3,90 38.69 1.06 4.36 3.22 72.72

m) x(,m) 3.97 6.6s44 102 46.42 1.73 8.72 2.92 80.80
.18 0,00 4.62 12.88 3.94 54.16 2.36 17.44 2.40 88.88
.173 5.77 5.54 25.76 3.78. 61.90 2.75 26.15 2.031 92.92

1.33 11.54 5.91 38.63 3.41 69.63 2.99 34.87 1.45 96.96
2.16 23.08 5.74 51.51 2.88 77.37 3.08 43.59 0.87 99.95
2.64 34.61 4.88 64.39 2.21 85.-1 3.05 52.31
2.92 46.15 3.76 77.27 1.23 92.84 2.84 61.03
2.94 57.69 2.03 90.15 0.00 99.27 2.54 69.74
2.83 69.23 0.71 96.59 2.13 78.46
2.31 80,77 o.oo 99.55 1.59 8718
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APPENDIX I

Best Fit to a Circular Arc

In the following paragraphs is given a method of obtain.ng a beat
fit to a circular arc of a set of points given in a cartesian coordinate
system. The scheme is best adapted to the use of IBM or desk calculators.
Siggestions are given to simplify calculations of a particular problem,
and an illustration is included to indicate the procedure of application.

Consider an arbitrary plane cartesian coordinate system, with n

points denoted by (xi, y Let

(x- h) 2 + (y -k) 2 -R 2  (i)

be the equation of a circle of radius R and center (h, k). Consider
also Y

(hk)

0 X

the am of the squared differences of the squared radius of the circle

and each distance squared from each point to the center of the circle.

That is

6. f ((xi - h) 2 + ( ki" c) 2 - a2 )2  (2)

Differences of squared distances are considered to simplify the normal

equations obtained by minimizing expresbion (2).
Differentiating 6 partially with respect to h, k, and R, respectively,

and simplifying the equations obtained by equating each expression to zero,

CONFIr3NTIAL
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((x,- h)' + 0•'i ) R2) Xi 0

E ((xi h) 2 + (ri k) 2 R 2)y i o (3)

E. ((z " h) 2 + (y'i -k)a 2 R2) a 0

where it is assumed that R ý 0. Or.

F 01 2 3h2 4 k 5+ 2 6 2
1  &1 +a&Ih + •ah + ak alk +aR

F2  2a 2 23 &24 52 6 i 2

, 1  a2  3 a' 2 . 4  ~ 5 k2 + ~2
3 3 3 3

where F,, F21 and F3 are respectively the three expressions of (3)0 and

1 E4)+i 2 22 " 2

M, 4 XI , a., .o +Yi/a2 3

ai a-1.0 ai 1.5 a 1.0 (5

ai 0 -ff z±Y±/f x ai UP21:4/r. ia 2L

1.-W1.0 a 3 1.0

6 6 60 1--.0 a

The coefficients of each equation are divided respectively by E fl,
E yij and n to simplify the solution of these equations.

These equations ot (4) are non-linear in the unknowns h, k, and R.

A method of solution by successive solution of a system of linear equa-

tions is easily given by the use of Taylor's expansion of FIb F2. and

F3 around an assumed set of values for the unknowns. Let h, k, and R be
the values satisfying the equations, and Oh, Ok, and OR a set of assumed

CON '.•I.DEIAL
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values. Then if

h a Oh + h' k - k + k' -R + R'

n (6)
Oiftl, a+ 2ai0 OF + 2i X haR

neglecting esoond order terms and higher,

oFl)hj o,.p2 k' +,F 3 HI -0
1

O~~I O 2 k 7 2 R -- F 2  (7~)

OFi.hI+ 0 OF2 k' ý+ OFA RI -0_F

3 3 3 3

Solving the system (7) for h', k', and R', these oorrections can-be applied

to the assumed values by use of (6) to give another set of approximations.

The scheme in repeated until a satisfactory set of parameters is obtaine&

"Simple geometric considerations give the following first approximations

to the desired parapeters, providing that the set of points reasonably lie

on a circular arc, and that the coordinate system is suchi, that the chord

connecting the two end poinits is approximately parallel too say, the x-

axis.
0 h n ORk° 0k y -R ()0 . un ok-.-n-(°)

where ' is the maxi=um ordinate, and

- Xm Y,

h 2 k m 2

The data for the following illustration were taken from film no. 420.
Computation was done on a desk calculator. A value of 27.182 cm. was ob-

tained as the value of the radius of curvature. A previous graphical

solution gave a value of 24.57 cm., which indicates an error of nearly

10 per cent.
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Using the above suggestion to obtain a first approxumitiaw. to the

parameter., a second guess was made after substituting these values in the

equations. The first iteration then gave the correct parameter values to

four significant figures. A standard deviation computed from the value

of the radius was found to be 0.0173 am.

Illuitration No. 420

x (CM.) y (am.)
0.000 0.0066
0.630 0.2148
1.260 0.3238
1.890 0.4229
2.520 0.5303
3.150 0.6046
3.780 0.6905
4.410 0.7219
5.040 0. 7517
5,670 0.7814
6.300 0.78134
6.930 0.7764
7.560 0.7566
8.190 0.7302
8.820 0.6938
9.450 0.6377

10.080 0.5369
10.710 0.4246
11H340 0.2974
11497Q 0.1635
12.600 0.0000

n-21

132.3 23 - 1,39.1 0- 0,961.98

41 7 10.847 42. - 6.94097 - 4.71978

zy " 68.2863 2xi - 0.515965 Exi - 43.7363

11005.716 -2278.2 132.3 -136.573 132.3 -132.3

520.685 -136.573 10.847 -13.8819 10.847 -10.847

1146.04 -264.6 21.0 -21.694 21.0 -21.0

OoNFIDIE•'IAL
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83.188 -1-7.219 i.0 -1.0323 1.0 -1,0
48.003 -12.591 1. 0 -1-. 799 1. 0 -1. 0
54.573 -12.600 1.0 -1.0330 1.0 -1.0

6.3 39.69 -2t.06 443.52 447-.2 (21.85)

2.74

2.25

1.42

6.3 39.69 -23.8 566.44 605.16 (24.6)

-.4.619 -48.6323 -49.2 -0.247
0.009 -48,8798 -49.2 -0.109

0.000 -48.6330 -49.2 -0,748

-4.619 10. 528751 10.651656 0.053074
0.009 -48.974559 1.006560 0.002,235
0.000 -. 8.633000 -0.247968 2.598175

-0,108,56 -2.592853 2.578175

6.191 38.328 -26.393 696.590 738.6" (21.178)

-4.8370 -53.8183 -54.3560 -0.1047

"-0.2090 -54 0658 -54.3560 -0.1039

-0.2180 -53.8190 -54.3560 -0.1044

-4.8370 11.126380 11.237543 0.021645
-0.-2090 -51.740387 1.005159 0.001920
-0.2180 -51,393449 -0.247629 0.004062

0.000065 -0-.002163 0.004062
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6.191065 38. 329 -26.39516 696.704 738.864 (27.18206)

-0.00077
-0.00083
-0.00078

h - 6.191 k * -26,395•R 27.182

R2 ,738.864

(z -h)2 + ¢(. - h)2+ (x - h)2+ (xi - h)2+

" k) 2  -21/2 k))/ - k) 2 -R2  2 - 2

738.513 27.176 -0.351 -0.006
739.006 27.185 0.142 0.003
738.209 27.170 -0.655 -0.012
737.698 27.161 -1.166 -0.021
738.44 27.174 -0.416 -0.008
738.226 27.171 -0.638 -0.013
739.432 27.192 o.568 0.010

S731.498 27.175 -0.366 -0.007
738.268 27.172 -0.o96 -0.010
738.828 27.181 -0.036 -0.001
738.568 27.177 -0.296 -0.005
738.83A1 27.182 -0.033 0.000
739.083 27.186 0.219 0.004
739.772 27W199 0.908 0.017
740.715 27.216 1.851 0.034'
741,388 27.229 4.524 0.047
740.451 27.211 L.587 0.029
739.712 27.198 0.848 o.016
738.996 27.105 0.132 0.003
738.750 27.180 -0. 1.4 -0.002
737.771 27.162 -1.093 -0.020

s.o. (Z..Ei/21)1/. - 0.0173

A.iA the standard deviation taken from R - 27.182.
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Film No. 420. for the above illustration, shows the wave shape of
an amatol charge. This film is not included in any of the studies of the
body of this report. Even though the graphical and the analytical methods
give radii of curvature which differ by ten per cent, the valuable conclu-
sion can be drawn that standard deviation of only 0.0173 am. for an R
27.182 cmt. indicates that an arc of a circle can reasonably be used to fit

the wave shape.

Two curves from this report were also cheocked by the above method.
They were No. 984 and No. 987 found in Table I. ýy the graphical method,
R's of 23.1 am. and 24.8 cm. were respectively obtained. By the analytical

method, corresponding R's of 24.3 am. and 24.6 were obtained. Tho differ-
ence is five per cent for No. 984 and less than one per cent for No. 987.

Theme results indicate that the graphical method yield values that are

satisfactory for wave shape.
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