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ABSTRACT

4 mothod, which is herse described, has been devised snd utilized
for the study.of detonntion waves inm high explosives. Those investigated are
rentolite, composition = B, baratol, and graaular TNTo Pressure = volume data
have been obteined for tﬁe detonation head end the Chapman = Jouget pointe The
rak pressure of the detonation head is found to be about 2.5 times that at the
Chapnan = Jouget pointe Furthermcrs, assuming the sdiabatic expansion of the
burat gases can bs represented by pr = constant, it was found thet the mesn

square deviaticn of any of the explosives from the value ¥ = 3 was about 4 per

cent, which thersfore makes the foermula p = ( P <>1)2/4 ) s useful first approximetion

ia determining tho Chapman - Jouget pointe If this picture of the datonation

hzed is correct then "abnormal" spall effects, i.eo not present in thicker spscimens,

should occur in thin pletesc These have been observedo BEstimates have alsc been

made of the width snd duration of ths resction zone- They are found to lie in the

intervals 0-8 £ 002 gm and 0<2 X 0-1 microseconds respectivelye

. INCLASSIFIER
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A METHOD FOR DRTERMINING EQUATIONS OF STATE AND RCACTION ZONES
IN DETONATION OF HIGH EXPLOSIVES, SND _ITS APPLICATION TO
PENTOLITE, CONPOSTITION=B, BARATOL, AND INT.

Hypothatical Counsiderstions.

The conditions under which the tests were conducted are such thet
the detonation process may be treatsd as ons<dimensionel, i-e» the detonation
wWavs moves acrossAthe sxplosive as a series of parallel planese Furthermore,
divensions heve been so chesen that the wave has reached a stationary state i.0.

the wave velocity is constant in timse

let
Dy or D = detonation velocity
Dy = shock velocity in metel
u = mass velecity
v = specific volume

vo = initial specific volume of the solid explosive

Av v = Ve

P = pressure

x = fraction of explosive in which the resction is
complete; fraction of intact explosive = 1 = xXo

UNCLASSIFIED

E = internal energy per unit mass

AE =E(p, v, x} = E(pO, v, X =0

The explosive, in passing from the intact state through the various

reaaction states, must fulf1ll the conditions of conservatlon of mass, momantum
[ ]

and energye Thsrefore, neglecting viscosity end tb&rmﬁl ﬁbndhotivﬂ%j effeects,

APPROVED FOR PUBLI C RELEASE®
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for u, = 0 and p_ negligible,
u/D = =A v,/vo (1
PVy=ubd (2)
B = =1/2p b v = 1/2 u° (3)

Vos Dgo B, are given, D is an unknown paremeter, and p, v, u are
wknown funotions oi" Xo

A hypothetical set of Renkine=Hugoniot curves in the (p,v) -plane
together with the point (p.» v,) are plotted in Fige 1 for Qifferent xo The

angle between the negative venxis and the direction (Po’ vo)_}(p . ) is dencted

byﬁfsothatDav()Jtang’ a,ndD°u=7m

While ¢ is undetermined it is not entirely arbitx;ary since it may be
observed to lie in the upger left quadrant from the comditicus thet tsn ¢ = (D/vo)z,»
and that P>P,e v>v bscause we ars here cousidering detonation and not merely
burninge Furthermors the straight line from (pos Yo ) %o (p,,v) mst intersect the
(p»s v curves for all 0¥x% 1. Thersfore, in Fige 1, we must have 9(> 9{;‘
where pfyl is the tangent to the {p, v) curve for x = le The Chapnan-Jouget
hypothesis states that Z = ¢, o

Thei-modynamic and hydrecdynamic arguments can be propounded to justify

this conclusione

For example, if at X = 1 we have =(3 p/d v)s, (pupo)/(v = v) then
Yo

D=u + ¢ and the condition is fulfilledys & here denotes the sound velocitye

If the point lies at "a" in Pige 2 then ={(d p/d v) > (p=Pe)/(vy = v) and 6 + umDo

The rarefraction wave will then catch up with the dé‘coniti.on we.vé ax§i§ op it off

APPROVED FOR PUBLI C RELEASE
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wtil ths point has moved down to "a"» But wo have hypothecated a steady state

to the detonation wavee If the point lies at "b" then - (Qp/3 v < (p = p,) /(vo )

But the entropy of the burnt gases corresponding to state '"b" is less than that for
state "a", i.ee "a" is more probeble than "b" 4 similarly for all pairs "a% and "1
until & = b = do Hemce "d" is the most probable pointe

A discontinuity must of necessity cccur at x = O for increasing x
with an immediate jump from the lower Intersection point (po" vo) 40 the ‘upper
intersectica point (po, v Thus the reaction zone sets in as a shock wave with
an abrupt increase of p and u and an equally abrupt decresase of v This is
accompanied by a large incresse in temperature and a vehomsut blow of velocity u
by the wave head on the intact explosives This velocity is smaller but of the order
of magnitude of the detonation velocity D and it'is this discontinuity in materisl
velocity which can provide e mechanism to start reactlone | The reaction zc;ne behind
the head is able to replenigh the head with ths necoessery energy since inthisz region
c.+ u>De The reaction proceeds continuously remaining as an upper intersection
point for the curves 0<x<), and terminates at x = 1 as a tengent pointe This
is followed by an adiabetic expansion of the burnt gases.

Von Neumann (OSRD Noe 549} has also presented an alternative argument
whersin all the curves for different x intersect each other, ie.ec imn which
~ndcthermic changes of state can occur, and for which the Chepmen=Jouget hypothesis

would not be valide

.

A similer argument could be made for an intermediate situation wherein

the Hugoniots for the xﬁxo form streem lines as in Fige 1 while the curves for

X# x, intersect one another. Here the envelope of the..intersectmg.curves could

be so tight arid small that even though the Chapmens Jov@swqmggﬁumxued

. ? UﬁGM‘S.‘}FIEI}
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the devietion from this condition would be negligibls. In this case whet we
observe would nct be a function of the reaction sonms width but only of that
fraction from x = 0 to x = x, the remaindér blending in with the indistinguishable
from the adiasbatic sxpansion portion of the curves

This latter concept of Von Noumann does not appear very probable
thermodynamically since it implies that a mixture of reacted and unreacted
material cen do mors work then the complaetely reacted materiale If this were
true it would he desirable to include an inhibitor which would preventthe reaction
from going to completione As will be seen, it Goes not agree either with the
results obtained hereine.

‘Phe cross section of the detenation wave will thus appear as in Figs 3.
The shape of the burntegas expansion curve will depend upon the confinement. With
an infinite emount of sxplosive this portiom of the curve would remain horizomtal,
provided no endothermic recombinations occurs It should be remembered that no
after-burning effects, such as from reaction with surroundiug air, will be observable
with the method of this papere

When such a detonation wave impacts on a metal surfece a shock wave

will be transmitted into the metel with shock velocity D, and pressurs

1)
Pz a ps where
20, D, (4

P, Dy, Dy

(PZ /Pl) =

I Yore correctly( / P0 D P3 Dy +Pg D
P P 2 2 - 5
VO et e UNGLASSIFIED

where P, is the density bahind the detonation f&'c:n{‘-' ax;a D.g..ti&.a. ieflected
shock v%loeityo -

’
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Py = p; denoting the incident pressure in the shook wave, P, aml

densities in the high explosive and metal respectively, D, and D2 the detonation

1
end shock velocities respectivelys Reletions (1), (2) and (3) must also apply for

the p, v, u and D in the metale

A facsimlle of the detonation wave modif'ied in amplitude as indicated
by (4) is trensmitted throygh the metale Here however there is no replenishment
by reaction and the unloading wave, moving with velocity u, + ¢, which is greater
than DZ' is continnally encroaching upon and eroding the peake eo is the s_ound
velocity in the compressed medium behind the shock fronte

It waes expected therefore that, on impacting the front surfaces of a

series of metal plates’ of varying thickuesses by high explosive detonetion

waves snd measuring the initial surface velocities of ths backs of these plates,

a cross sectional picture of the detonetion wave could be obtaineds
From this cross section it should be péssible to estimaste
(a) the width of the reaction zons
(o) p°, +° for x = 0
(¢) p, vforx =1
provided certain other quantitises, such as Dl' Dgo ¢g, were alsc determined,

If a denote the width of the reaction zone and b the apparent width

in the metal then
’ ! Dy
8 ob e 1< : (s)
Dy uy +Cy

¢, being the sound velocity in the compressed mediume

For Dlsz there is a

foreshortening effect dus to oromding of the detonation wave at the mebal surface

end given by the ratio in paren‘bhesiss onn the other.heféé ishs:.'é. 3.:;.2%1. Eelongation
. ... .:. :.. .:. :.. :.. ’

resulting from the term in square braocketse The reactiop time 4% will be given by

APPROVED FOQ%!E%@'AE‘L‘EASE E m@
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8o = (a/Dy) (v /o) ®

where the increase in time as represented by (vo/v) results from the fact thet
the reacting particls is moving at velocity u in the same direction as Do

The impedances PD of the impacting and impacted materials should be
identicale For aluminum and high ¢xplogive the ration Py / p; as given by (4:)
is abeut 1l.25: In consequence a pressure weve is reflected back into the explosive
vhich might have an effect in shortening the regction zone and would thersfore

oenstitute a possible source of uncertel.inty inestimating the reaction zones by this

mathodo

o .
Pl and py may be ‘approximated by (4) efter the 18 have been obtained

from the welocities D2 and u,°

Even with the ebove approximations and limitiations in mind it was believed
that the results obtained by the method of this paper would be able to supply
additional justification for the oonsiderstions just described or to indicate
wherein they might be invalide

For this purpcse it is desirable to use a substence for which mess
velocity is a sensitive funoction of praessure and which would yiel& a fair "impadance"
match with the high explosivee Beryllium, aluminum, snd graphite approach these
specificationse Aluminum was chosen because it is reedily obtained in very
homogeneous form and is easily workede

In order to ascertain further to what extent the measurements may be
correlated with particle velocity rather than with momentum transfer frem explosive

to target for the very thin plates a series of measm*bmtzn‘bs Wa$ suso. rﬂade on steel

Fiaton UNGLASSIFIEL. e
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The procedure consists in impacting the fromt surfece of a metal plste
with a plane detonation wave and obtaining a measure of the initial velocity of
the back surface of the plate- This is accomplished by épacing a set = about
aight = of slectrical contactors in the intervel from O to 2 millimeters from the
back surface of the plate and measuring the times of arrival of the plate at these
contaotor positionse Details of the techmique are given in LA = 384 and with more

detail in tha abpendix to this reporte

Caloulation of pressure by Egne (2) is subject to.soms uncerteinty

since the fres surface velocity is given by

‘”.fsz cd (inp) (7

where ¢ is the sound velocity in the compressed regione Expression (7) has
been approximeted hereim by 2 ue The~Jugoniots for aluminum and steel are
expected to cross over into the liquidus regions for pressures of about 006
end lo7 msgabars respectivelyc No marked discrepancies were observed between
results For steel end aluminume To ascertein what might be expscted in the
liguidue to vapor region a series of tests was mede with lead and with lead
backed by 00125" of steele Ths Hugoniot for lead is expected to cross over
into the liquidus region at about 0026 mb and into the vepor region at sbout
1.25 mbe The data cbtained are shown in Fige © where it may be observed that
velocities from unbacked lead scatter considerably end for thickness under one

inch are about doubls the values for steal<backed leade

|

|
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EXPERIMENTAL RESULTS

The experimental data of surface velocity as a function of thickness

of materiel through which the shock wave has traveled are tabulated for

(A1) Aluminum = pentolite
| (a2) Steel = pentolite
(A3}  Aluminum = Composition B
(A4)  Aluminum = Baratol
(A5) Aluminum = granular THT
ss follows:
TABLE (A1)
Aluminum = Pentolite
Thick Noo of
Al inchas QObserve
1. 50 5
1.25 13
1.00 3
0-50 6
0.234 1
0220 1l
00125 2
Qo 119 1l
0 087 1
0. 085 i
00 005 5

Maan Obse Vele
S8Co

20454 F o028
2.605 2 -020
2,679 ¥ .044
2,600 % 0029
2,98
3011
5036
356
5034
4.18

6.03 ¥ 04

The first four points may bb:zréi)rétg%ﬁ&%gﬂm 165 = 20294 x where

¥y = thickness in inches and Xz velocity in

(XX 4 g
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“

3teel = Pentolite”

Thicke Nos of . ¥2an Obsa velo
Stesel, inchss Qbserve Km/ Seca
2000 3 0-65
1.50 5 00984 ¥ 045
1.00 16 1.376 I .022
0050 7 ‘ | 1.628 * 031
049 1 1-668
0079 1 2.078
0.038 1 20920
0-016 1 20781
0010 1 30047

The first five points can be represented by y = 2982 = 10483 x where y =

thicknsss steel in inches, x = velocity in km/seco

APPROVED*£OR*PUBL®l C*BElEASE



Thicl Al
inches

1.50

100

0-50

0.229
0.200
00124
0063
0031
0¢ 016
CeQll

0-008
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TABLE (43)

Aluminum <« Compositicn B

Noo of
Observe

2
3

[3+] [t V] N

RO

[ ooe o 000 000 o0
o o [ 4 [ [ [ ]
[ ) [ d [ ] [ ] [
[ [ ] (34 [ (X ] o o
[ d [ ] [ ] o o

00 000 000 000 000 00

e (X X ] [ ) o00 o o [ )
® o o o o O ® o o 0
o o o L4 [ 2 (X 14 [

o o 0 e o [ )

o o °
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Mesan Obse. vel
sSaco

2.818 * .023
2,979 *0.29

3.13 * .018
308

3.01 * o045
3.19 L .00
375 .f: 013
3075

Bo26 X 045

5052

7-11
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TABLE (a4)

Aluminum < Baratol

Thick Nos of MYsan Obse Vele

Al inches Qbserve lma/seco
150 . 2 .45 F .01
1.00 2 1.61 X .01
0765 2 l.628 X ;04
00620 1 1.711
0500 2 1776 X .05
00483 1 1. 730
0250 1 1,905
02235 1 1.970
C-062 1 . 2.370
0051 1 20758
0-011 2 50472 * 06

TABLE (A5)
Aluminum = Granular TNT

Thick Noe of Hean Obs- Velo

Al inches Observe 8e0s
1000 1 1-61
00500 3 1.67 X .01
00250 2 L.72 I .02
C-125 2 lotd Xo02
o- s Dr e 2e65

APPROVED ECRPURBLIEC RELEASE
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These results are also shown as graphs in Figse ¢ te 8 inclusiveo

From esch test the times of arrival of sight conbactors, distributed
in the interval O to 2 millimeters from the back surface of the plate,_are recorded
end a least square valuz for the slops is calculated from these points-- Even
though the mean square deviation of the points from this line may amount to only
about two vercent, the devietlicn from shot to shot in repéat tests may be several
times this value- The factors which result in the latter spread are dus probably

’

to differences in the quality of the high explosive, ecge from variations in
porosity, grein size, segregations; cavities snd cracksg.

The first set of measurements (LA~384) was made with a lens intended
to give a flat wave 305" in diameter (the actusl wave front wes, however, convex,
the central axis lsading by sboubt 0.2 u sec): To this lens was attached the
cylindrical disc 4" diameter by 3" high of the explosive investigatede Thicknesses
lass then 2" were found to give low values of velocity. Later a lens designed to
give a flat wave G6-5" in dismeter was made available {the actual wave front was
slightly convex the central axis leading the edge by about 0c1 u sec). The
cylindrical cake of the exp}osiva investigated was 8" dismeter by 3" higho Results
with the former lens showed considersbly more scatbter than was obtsined with the
lattere 1In fact the dete obtained for thicsk flates with composition~B cakes end
3.5" lensss had to be discarded entirely because the velues of velocity obteined
wers too erratic end were furthermore consistently lower than those obtained with
6+5" lenses« An adequate explanatioan for this behavior is not known because the
measurements were made within ths unperturbed conical region as computed and checked

experimen‘bally¢ o eoee o0 ove oo

The shock velocity is aluaithm 3nd’stepsl was obtained from a series of

APPROVED FOR PUBLI C RELEASE
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14 internally imbedded pins spaced in the intervel 1 to 23 millimeters from
the front surface of the one-inch thick plates The shock velocity iu aluminum

(305" lens and pentolite) may be reprasented by

D, WV = GF- = GRS T /5o
where x is distance in millimeters and t time in microseconds, except for the
initial high-pressurs peako
The shock velocity in steel (605" lens and pentolite charge) s from

similar measursments, is
D, (steel) = 5024 km/sec

and over this interval the mean square deviation of velccity from constancy
was less than ome per cente This value is about 6 per cent higher than the
figure obtained with 3.5" lenses (LA-384J.

The characteristios of the various explosives tested are as follows:

. TABIE B
_q.““
.Explosive Deasity Do km/sec Grain size
Cast pentolite 1-.666 7. 500 coprocipeted
50/50 (stick) product
Cast Comp~B 1.70 70850 RDX 70 microns
60/40 RDX/TNT (stick)
Cast Baratol II 2051 4,850 Barium nitrate
(stick) 12 microns
Granular TNT 1.03 50250 Spherical granules from
(Flet wave leng) 03 to 0o5 mm diameters
Grain size smalle
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Equation of State: From these data and the relations whish have been presented

DERIVED QUANT ITIES

it is possible to evaluste a P tnd corresponding v or v/vo in the detonating
explosive from the initistion to the end of the reaction, fces fromx = 0 to x = 1-

The data are given in the following table.

TABLE C
Reacted Corr. thick. Pressure v/ L 4
fraction  in aluminum Nogabars i
PENTOLITE
x =0 0 ° 562 0400
Q.05 0347 2629
0-10 2308 2872
. Qo 15 0247 2738
X =1 020 2245 738
COMP=-B
X =0 0 664 386
0025 ' o144 -878
Q=08 0283 s 721
010 2272 ° 740
X = 1 0. 15 0 264 ° 748
BARATOL
x =0 . 001 +294 s 502
Q.05 2201 «659
010 2168 2738
0020 2180 - 745
030 0121 2781
X = 1 0-40 2136 ) <769
GRANULAR TNT
x =0 D (0260?) (ol ? )
Ce 06 2204 2280
0-10 6122 2570
0.13 2107 ' © 0622
0015 ... .:Q,..}nol .:. :.. :.. 0643
X =1 018 .o. EOQ.QS E Eo E 5 « 6562

-— APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

e eeo o

The peak prassure values will be somewhat uncertain because measurements
sufficient to reduce probable errors from random fluctuations are not yet available.

The peak pressure in the detonation front, according to the above table is about

2.5 timos that at the Chapmun=Jouget pointe

Reflection of this high peak from free surfaces of thin plates should
then be able to produce certain spall effects which would not be observeble in

thicker specimense  Such "abnormal" spall effects have been observed and therefors

offer an indirect conf'irmatione

He Jones (BM=647, AC=3641) has computed the (p,v) = adisbatic expansion

curve for the reasction products of composition=Bo

2) P = 2208 mb, (v/vo) = 279 These are to bs compared

with p = 264 mb and (v/v ) « o75 of this papere

His calculated values for the

Chapmen=Jouget point are

A plot of p versus (v/v ) for these explosives is shown in Figo 10,

the detonation veloccity D being given by

D a Y vo tan ;’01
where @' is the angle between the line containing the (p,v/v,) points and the
negative (V/f"'o) caxige |
It !;as been shown that at the Chapman~-Jouget point

v -
o v

Now assume that the isentropic expansion curve of the burnt gasg

may be reprasented by

¥
R °s° oons’ﬂani:" %

2). Thase are modifications by,P,ey;*lp o g’gm::q-o'-izinal valuege Jones calculations
ave for P o = 1o whereas tha gotual inltial density is 1.702 furthermors his peak

tenperature is 3800°K whsreasc Jo:g 'hz;s- uﬁ“ﬁa:q;pé gjpeotroscopically a temperature of
4800°K for RDXo :

APPROVED *ECR*PUBLY C RELEASE 4.
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whare ¥ is identified with the ratio of heat capacities (¢ p/cv Jo Then

Av < v v,

whence by elimination, neglecting p,o W have

I/Y ~ ={A v)/vo

oy 2
p =P, D%(f + 1

From these relations and the data of Table C we have

TABLE D
Explosive Y = (cp/cv)
Pentolite 2082
Comp~=B 2097
Baratel 3033 .
Granuley TNT 2088

The mean square deviation of the explesives from the value ¥ = 3

is about & per oent which thsrefore makes the relation p = (Dz PO/LL) useful

as a first approximation in computing (p.v) at the Chapman=Jouget point for

various densities of packings

Reaction Zone

The reaction zons width and time of reaction may be obtained from the

relations (5) and (6)o Tha ratio Dz/ (cz + uz) decreases with increasing pressure

so that erosion of the peak is more rapid at the higher pressurss: Hence the

evaluations desirad of tiese fupctignsein exgrogsion (5) ars those for which x = 1e

APPROVED F.(i? PUBLI C REL
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Furthermore, for shocks of small smplitude (small Ap) ¢y will approximatg to DZ'
the effect of ripidity being negligible for aluminum at these pressurese

From the plots ef Uy and Dy as a function of distance in aluminum
pressure=volums points are computed for aluminume o, is obtained from the
glops of the resultant (p,v) =Hugoniot curve at these pointse It was foumd that
in the Chapmen=Jobget pressure region for these explosives the ratio Dz/ (u2 % °2)
lay in the intervel 0.85 2 <03

The values so obtained for the widths and durations of the resction

zonas are as follows: -

TABLE B
mnve ‘Width & of reaction gone Tims of reaction t
in millimeters in Eicroseoonds
Pentolite 080 £ 016 0014
Comp=B 0.64 X 0014 011
Baratol - 112 X 0012 0030
Greaular TNT (005} (0‘1 15}

The reaction zones are therefore of the order of 0:8 £ 002 mm wide
and durations 0-2 X 0ol microsecondse

These values do not agree with estimates made by Eyring end his
collaborators (OSRD 3796} from such methods as (a) sxtrapolation from low
tomperature rate of decomposition (b) rate at which detonation builds up from
low to higﬁ order (c) 1imitix§g; oylindrical diamster for steady state detonation

3
along the uncased stick (d) caleulated rate for surface reaction from activation

3)a They deduce that the detonatjop velpgity, 4§ proportional to ar~l where r is
the radius of ths sticke 'Gthkr Sdete&-minah&ns would indicate that the minus
axponent should be about ‘1°
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energye Their conclusion is that the reaction tims for TNT is 1 microsecomd
and length of about 0-6 cmo

Anothsr msthod 1s to relate the width of perturbed region of a
detonstion wave proceding around a conceve arc with the redius of curvature 1-'1
of the arc by D = Dy [1 = (X a/rl) where Dgg is the steady state velocity and
K an unknowa perameter. If )'\ is made unity then & would be the order of 0o& cmo
Howsvar,,)i should be more than unity and in fact probebly a fumction 'oi‘ X since
one component of the vector D will bes directed away from the surfaces |

Herzberg and Walker (BM 1165), from direct observation of the duration
of detonatim; luninosity, found an uppe;r limit o be 0-05 pseco for RDX = BWX 91-9
pellets and Qol pawc for all other explosives investigated (tetryl, NENO, TNE) o
Corresponding upper limits for lengths of the reaction zones are 0o3 to 0-9 mmo

These are in very good agrecment with the results obtainsd by use
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FIGURE 3
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APPENDIX

Measurerent of Tree Surface and Shock Velocity in Metals

For thsse msazurements a technique was adapted from one previously
dsvisedg) for obtaining deflection of plestes and structures as a function of
time when subjected to high explosive impectss '

This Norfolk techniqus consisted in arranging a series of suitably
spaced probes near ths back surface of the targete Each probe was connscted
directly to the grid.of a tubs and.both charged to a suibablas potential through
a high resistanQOo When contact was established with the target the probe bescams
discharged end fired the tubse The plats currsnt flow through & resistor caused
a drop in potential across the pletes of the cathode ray tubeo The resultant
oscillograph track thus consistsd of a seriss of steps equal to the nusber of
probes. This wae later modified by means of a transformer-type mixing<§ircuit
which gave an altsrnating series of short positive and negative pulses. This
circuit has a high—impedence level and was mede so because soms of the tests
invelved relatively high contact resistances.

A technique very similer to this has been employed by Froman (LA=182,
December 19443 LA=1824, March 1945).

For the msasurements of this paper, however, a high~impedencs circuit
is wndesirable. Furthermore the total duvrations of some of the recordssre less
than a microseconde Conseguently time resolutions of the order of a milli-

microsecond are nseded.

F"FE9 o 0D oCo OO
- 4). Buream of Ships Test Memorgnds$ e86 UddeiWabel Explosion Progress Report
for 19459 by R'o WO Goranso&.o 000 000 000 G)0 S0
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The measurements of surface velooity were mede by arranging a
series of external contactors near the back surface of the target (Figo 1.
Seven or eiglit ocontacts wers set in a circle 5/8 to 1/2 inch in diamoter. The
points of the conbtactors were arranged in a doubls helix, so that any asymetrical
variations of surface velocity across the 1/2 ineh circle would result in random
deviations from & smeoth displacemsnt time curve, instead of the regular deviations
which might be expscted if s single helix were usede The terget was grounded’
electrically, while the contacts wers charged to & potential about 45 wolts by
moans of a battery (Figo 12). 1In general 7 contacts were used, the most distant
one boing 2 millimeters from the surface and the closest being 0.2 millixeters.

Photographs of the pin contactor assembly appsar in Pige 13- It will
be noted thut each contact is insulated along its length by meens of a plece of
vinylite tubing. The surface of each contact wes lacquered and all contacts were
tested befors use by immersion in water to determine whether or not the insulation
was perfecte This precaution was necessary since it was found that ionized air
would othsrwise slowly discharch the condensers (Fig. 12) befors mechanical contact
was ostablished, and no ‘cloan=cut pulse rise could then be observed. No difficulty
was enoountered from ionized air for velocities less than 1 km/sec but above this
velocily conditions became inoreesingly bad until at & km/sec the lacquer bagan to
fail in an erratic manner end unintelligible racords were frequently obtained.

Tripping of the circuits was accomplished by means of a thin pisce of
insulated metal foil inserted betwsen the target and the charge (Figo 11). A
similar piece of foil was used to record the arrival time of the shock wave at

the front surface of ths targeto .3;1 ordgx, tg, e,cord ths latter on the oscilloacope,

the entire 8 signals from the m;;xigg; :s.irg;:;it we delayed by wesns of a 500~foot

APPRO\/ED FOR PUBLI C RELEASE
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Shock velocity was measured in a similar manner except that the

plece of coaxial cableo

contactors were imbedded in the material and arranged such that no one of thesm
would perturb those behind. Furthermors the fromt ends of the probes were
ssparated from the targetby very thin cellulose acetats films.

The oircuit (Pige 12) used in conjunction with the pin contactors was
designed to satisfy the following distinct requirements:

(e) The impedance level of the comtact cirouit must be low, so that
no signal will result from spurious electrostatic sffects produced in the detonation
of the high sxplosives a?:xd to reduce the possibility of pre-contact discharge: 1In
other words the comtaots should carry a relatively high current once the circuit
through them is completedo .

(b) Each contact should be capsble of producing one and only omne
signal, regardless of whother or not the cirocuit remsins complete after conmtact
is establishads

(e) The pulse front produced by closing each contact should be as
steep as possgible.

(d) The sighals resulting from closing ths successivs contacts
ghould bs approximately of equal size and shape. This is in order to minimize
systematio errors in determining the beginning of each pulse on the recorde

(e) A signal of at least two volts must be delivered to the oscilloacope
inpute Smaller signals would require excessive amplificetion which would bc
diffiocult to accomplish without affecting the steepness of the pulss front.

(f) The voltage acress .epan cw.tact .ahould be as low ag possible in

order to avoid premature breakﬁ:ms .'!:l'w..e'&p. Wore contact is established

APPROVED If.d.:lz UBLI t RELEASE
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(g) Any apparatus to be used near the high explosive must be either

wachanionllye

rugged enough to withstand continusd use, or simple snough to ba produced in
guantityo

In order tc satisfy condition (b) it was decided to have each couteoct
discharge a separate small condenser through a resistor, and to observe the
voltage across the resistor (Fige 14) . By meking the tims oonstant RC short,
a brief oxponentiel pulse e (4) will bs producede TIf on the other hand the

tim® consbant Ry C is long (several microssconds) e gignal will be observed only

at the initial closing of switoh S

The circult of Fige 14 was developed into that shown in Fige 12,
which provides for aight separate contacts, sach with its own condensere 1Ip

Figo 12 the valuss of R, and RS have been so chosen that ths impsdance as sesn

1
from the cable is about 82 ohms (the surge impsdance of ths oable ie 75 ohms).
The characteristios of the circuit are such that even with all conteots closed,
there can be no apprecisble reflsotion. Whan a contact iz olosed; a signal is
deliversd to the cable and proceecds to ths remote end, which is practically opsn
bscause of the high input impedence of the oscilloscopse The signel is then reflecte
and proceeds bacl; down the ocable whers it is almost perfectly absorbed. The
reflection process delivers to the oscilloscope twice the signal which would be
received if the input impedance of the scops were 76 ohms.

Ths first end last contacts which close will .produce. the same signals
as would the circuits of Figso. 15a and 15b respec’c:!.yolyo (Pig» 15D asswnes all
contacts olosed)s In Fige 15a the pesak value of e (¢} will be about o041 E,

which mesns that if E = 45 jvol:tég Ee si:igncil of #carly 307 volts would be received

at the oscilloscop2 inputo ‘I?se. gc.tqs.l ssal :@:‘..g.:al will be somewhat smaller for

ressons to be discrsprdyep rént pegll ¢ R tAce  \CHIIR
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Certain defects of the circuit of Fige 12 will be obvious from
reference to Fige 15a-. In the first place the signals prcduced by the various
contacts grow successively smaller, and what is worse they change in shaps. It
is reascnably obvious, however that these effects are not 1arge,,. a conclusion
which is supported by reference to actual oscillograms (Fige 17)» But because of
this inherent defect it was felt desirable to measure all oscillograms at the
initial disocontinuity in slopes of each pulse {estimating the position by eys as
sccurately as possible) in ordsr to sliminate any errors which might result from
differences in shaps of successive pulses such as might occecur if, for instance,
the position of maximum émplitude wers measurede

More important than the deflect just noted. are ths limitations imposed
on the steepnsss and duration of tha pulse by residual inductanoe and capacitancec
E)onsidor for example the cirouit of Pige 16 which represents approx.imately the
actual conditions met in practice. Ll and cl are estimated to bes 2.0 x 10'=6 henries
and 10 x 10..12 farads respectively. The duration of tho pulse will be controlled
by the time constant RC, which should be appreciably less than the rise tims of the
oscilloscops amplifier, if best results are to be obtaineds Thus we must make
RC =< 0.01 x 10°6 secondse On the other hand the rise time of the pulso Qannot be
less than (Ll/R) and 'this too should bs of the order 00l z 10°6 geconds- This

12 faradsge Furthermore,

consideration means that R:2 200 ohmso FHence C<.50 x 10
R must introduce enough dissipation into the circuit to eliminets objectionable
ogoillationse If c were infinite, it would be necessary tz.) meke R H00 in order
to obtain more than one helf critical dampinge Actually since C is finite R must
bs sppreciably smaller than this upper limite The sctual values used wero

C =50 x 10°22 farads, and R = 269 ohwge Pheqe i probably mot quite the opbimum
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In order to obtain maximum contrast in photographing the oscillograph

values, but thsy have proved adoquateo

tracs 103 = O spsotr0sgcopic plates were usedo The schedule of gpsrations was such
that they also received a certain amount of prefogging, which inoreases their
sensitivity. Timing intervals were cbiained from a S-magacycle sine wave osocillato:
construsted for this purposs: The plates were msasured with e precision micrometer
slide accurate to 0.0l mme Tha photographic trace of a tw; micx:ésocond aweep

length is about 3.5 om so that reproducibility of a milli-miorosecond is possibleo
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Fige 1320

JUTIL |

fesenbly of the pin contacvorsy, Jpelhipgér i3pds,tof the cap screws are lapped

smoothe The leads are about 18" longe

PUBLIC RELERSE

APPROVED FOR




APPROVED FOR PUBLI C RELEASE

.Hc

| 4

FIG.

100.n. 330

30um f

|

e(t)

L8
el

210
==41%m

47 0.
47n.

FIG. 1Db

15a

FIG.

4

|6

FIG.

APPROVED FOR.PUB



(L})J
D
0
o
O
=
2]
2
o
&
LL
(@]
E
o
o
<

_——— _— ———— e

Fig. 17. ' Enlarged photograph of typical oscillogram trace from a
~half-inch aluminum target, Total duration of sweep 1is
two microssconds., A five-megacycle sine wave is super-
imposed on the trace Tor calibration of time intervals.
, , : o

”




