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Jacob Savitt

Approved by: I9AAA J'21 4iRusseLl- Mc311, Chief

Erplosives Properties Divinion

ABStACT: A method for the observation of the ionization profile
behind explusive produced shocks in air Is described. Preliuinary
iMeam-emnts of a qualitative nature of the ahocks prodauced by the
detonation of ammll quantities of dextriated lead azide are
presented and discussed. It is found that the regiou of maxim-
ionization for these shocks is at some distance behind the shock
front.
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The physical properties of tA distlao rgio% imediatelybehind explosi e produced shocks in air have been found to be related
to the ability of the disturbance producing explosive to initiate other
explosives. It Is the pupose of this report to present the results of
some preliminary tests which were designed to test *he feasibility of
observing the ionization profile isediAtely behind the explosive
produced shock fronts. The method described looks promising and my

, prove to be a useful research tool. The results are prliinary in
character and are presented for information only. The author vishes to
acknovledge the general advise and encot of Yr. R.1. Stresau
and the help of Mr. C. Goode vith the electronic dasn and construction.
This work vas done as part of the program iAier 'fsk Ass I a
NOL-2c-1-I-54, Initiation and Detonation of Exulosiveso and is a
continuation of the wcrk report 1A. L avOrd Rayorts 2132 and 2283.

EDWARD L. WOODYAD
Capta", USN
Cmmandar
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INTMDUTJION

In many types of explosive experiments, ref2re lees (a) tbrough
(c), the ionization produced by thVe detontion of primary and high
exploeive. is used to start and stop electrical cir, idt by shorting
ionization probes. In theme systems, current flows th-rou the ionized
region produced at amd behind shock fronts in cir. It i, therefore, of
Interest to obtain more detailed information about the conductivity of
the air at the shock front and Imdiately behind its Furthermorw, it
is probable that the pressurq ant taperature profiles and diatriuttooa
in time and space of this air, which are directly roiAte4 to the i.tia-
ting ability of a detonating expLosive, reference (4) and (e), are also
closely rvlated to the ionization in the region behind the shock. It h"
been shown, reference (s), thAt soe coaplicate4 Integral of the Ioniza-
tion behind the air '2hck produce4 by the dAtonation of led aide

• correlates well with the ability of the lead azide to Initiate confined

tetryl across an air gap. A method for the observation of tha ioniza-
tion profile behind explosiie produced ohocks in eir i described iA
this report ,Lrd some results which indicate that tre method is feasible
are presented.

7 KXP TMhE tHAL DETAI

I!Ih Th,...obe I

The type of moemuremant which ve wish to make requires a probing
system which will reomin fixed in space arA r xnmad and which will
detect olectrically the ionization in the compressed air a the air pases
the probs. For this purpose the following design, Figure 1, wan u--a.
TWo brass cylindes 1.000 inch in diameter with nxInlly centered holas
0.150 inch in diameter were placed ern to end n shovn and insulted
frem each other with electrical tape 0.010 inch thick. A hole was cut
in the tape slightly larger than in the brmss and placed in line with the

Sboles In the brass ax shown. Bress screws were fixed in the cylinders so
that elactric.1 contact to them could be anaily mnde.

7bi ox losiveCharge:

The explosive charge holder used in these experiments is illustratoa
!n Figure 2. Twenty-five miligrwms of dextrinated lead azide were press-
ed into the plug e3erent under a pressure of 4,000 al.. The plU8
o lemant'as then crimped into place in a brass cylinder with the dimen-
sions shown.

The Firing Circuit:

The firing circuit consisted of a 45 volt battery and a 10 micro-
f&rad condenser connected in parallel to each other and in series with

i1
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B RASS SCREW$ FOR
I ELECTRICAL CONNECTION

BRASS BRASS

O.OIO1-1j tECRICAL
I INSULATING TAPE

FIG. I DETECTION PROBE
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FIRING 0.150' AIR
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-- 0.500" ,

PLUG ELEMENT
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FIG, 2 EXPLOSIVE CHARGE HOLDER
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a avitch and the hesting vire of the plug *emnt.

Tie complte s tem is shown shmatically in litgre 3. A simple
condenser discharge alryci/t was arranged so that a resistance, R, and-
an open gap, 0, (our probe) were in series with a condensw4r, C, charged
to a voltage, V. The tize RC was large enough so that when the dap 0
was shorted, W was vry long coapared to the tim during whch we wish
to observe the curmnt flov in the circuit. I Figure 4 in oscilloscope
trace of the voltage across R during the first 10 microseconds of current
flow after shorting the gap 0 is shown.

Our observation of the conductivity of the caW m&4 air at and
behind the shook front was made in the folloving mannor, ee Fl re 3.
The explsive holAer vae cormeted to the firing cirmuit. The probe
pp was placed at the distance x from the explouivs-z1r intarfac by
choosing a suitable length for the "A" pioo. of thar Probe ani placing
the probe directly in contact with the exploslve holer. The xploel.i
holder uM the 'IV' rtce of probe were nsatad rme each other by
elecrical tape and wood as ahcmu An Fl .uz-a I and 3. Th "A" p~tce of

thm probe and one aid* of te condenaer vers connectd to wuA.
"B" piece of the probe was connected to the high aide of the codenaier
throu4h the resistanwe R as shown in Figure 3. The daflactinti p tae of
a Tvktronli osellomcop Io. 517r wqr: connected aczr e the roststasae
R so that the variation of the voltage across R a a functlc of time
could be obse-ed. The 10 miorosecond sweep seale wa used and the
tiga'ring circuit arrunged so that t1 awe p would be started by the
first appearance of a voltage across R so that we would be able to obserre
the v ltags variatit across R during the first 10 mdcroeconds of current
flow thro'i the probe circuit. The condenser C v- then charged to 70
volts and the switch placed in position (2) as shown in Figmr 3.

When the firing circuit switch was closed, the heating elesasnt
of the explosive holder initiated detonation in the lead azida. When
the detonati t nhock reacheA the exploolwe-air interface a shock wag
formed in the cylindri,':a air tube. This air shock than propagated
down the tube toward the probe with a pressure profile Ilke that sheein
in Figure 5. The pressure and the temperature &va a uaxim=L at the
shock front and decrease together behind the shock front. At the boucuiTr
between the compressed air and the reaction products which act as the
pistoa which is driving the shock, the temperature takes a sidcn drop
but the pressure continues its 4adua. decrause. As this decaylng shcck
propagates down our cylindrical tube the pressures nd ta=eratures at
a behind the shock ri Dxi -ease ras mo an. -- ..or - re .pe d up

compressed, and ashed along by the reaction products.

It is remaonable to expect also that the conuctivity of the air
A4icreasem in somewhat the some manner as the pressure %A t emperature

.. .. . ... , - l
.
,..- = --- .,_., -.,. .. .. ....... .. ...4
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TO OSCILLOSCO"
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FIG. 3 TH E COMPLETE SYSTEM

-- ----



NAVORD REPORT 3589

0 TIME (jJ.SECI 10

FIG. 4 OSCILLOSCOPE TRACE (A) OF VOLTAGE
VARIATION ACROSS R OF FIG. 3 DURING FIRST
10 MICROSECONDS OF CURRENT FLOW AFTER
SHORTING GAP G. TRACE (8) IS BASE LINE DUE
TO RETRIGGERING
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A SHOCK FRONT

DIRECTION OF
MOTION OF T
AIR SHOCK(

*T

LiR.14PRODUCT GASES-'

FIG. 5 PRESSURE AND TEMPERATURE PROFILE
- I BEHIND AN EXPLOSIVE PRODUCED AIR SHOCK
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as wo vrrt In'- the cowpresae4 gnses behiw4 the ihock front. We find,
nrvever, that this does rnot ft-peiLr to be the ro,,e.

A II!Z ULT3

In igure 6 trareslts of" mnrmonte of a qualiAtivv nature of the
.on.luctivity -pro)iut.-d by the-mdatonAtion of 25 irg of dmxtrinjitm4 le,ul

azlde for the aystAm of Fig~ure 3 are shown. 7tese trv oscilloscolp
-traces cn the 10 craono2 4 ep 3cnla2l of the Tektronix Modal 517T.

a vritcl deflections nre proportional to the voltage acrons the
resistance P, of Flgur 3 m,- con'urtntly to tA current throuh R wA
hence to the conductivity or tV - eLctrical Yath tluvrou the loniz*4 Pa
aecrose the probe.

X¢ ii v1ry clear tlUat the maximns comikatLvity i not at the shock
front.

DV3C1LSIO2V CT J ,UMb3

The oscillostope traces of Figure 6 mAy be interpreted as qulltatlve
grayhica.' repmesent~tions of thev a-atiom of the conductivity of the
cmpresaed air at *A . adiately behind the shook front. When x = 3. 50

inchoes, that in, when the probe 4p ii 3.00 inches from the explosive.
air irterfac, the conductivity of he air at the robe takes a suddea
smsa.1 Jump upon the arrival of the stock front. Then for about tlre
microseconds the conductivity increauee as we look into the ccapreened
gases behinD this front. Measurme at of the air shock velocity at the
probe indicate th*. it is abovt '28M meters/mocond. According to some
unpublishud calculttio" by 5. 0. 214*, this timi in of the right order
of maagitude for the tim for the ionization to r*ach equillbrium when
produced by a shock of tlU velocity. When the distance between the
erploive-air interface axA the probe is reduced and consequently obeer-
vaticn of hightr velocity shockz mr made, the iniial ionzation upon
the first arrival of the air shock at the probe Increase@ with increasing
shock Intnsit.y. vurthermwre, the tim to r.tach equilibrium w&a ob3ervrd
to decrtaae vj.th incrv-nuing shock velocity. All of this i consistent
with the theoretical speculation. of W. Dorinv,. reference (f).

It appears then that the zethod described can successfully detect
the conductivity of the ionized ganes at ani Lmoedlately behlna± explosive
produced nir shocks. The erfect of the probe geccetry upon the system
has not yet been determined.

*• .val Ordnance Laboratory, Aerba]listic Research Department,Hy- erb~llis tlca Divi ion.

!9
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