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Observations of Barium Luminescent Clouds 

Using Explosive Shaped Charges 

Junji NAKAMURA* 

Abstract: Several rocket experiments were performed in England, USA and 
Canada which aimed at the observation of electric and magnetic fields using barium 
shaped charges. This report describes the developments of barium shaped charge 
technique in Japan for the purpose of field line tracing experiments in the near future 
at Syowa Station by means of S-510 type rocket. 

PETN/EPON type shaped charges were first tested. In that case the initial 
velocity of barium jet was 4 km/s and the spreading angle was 5°. Baratol/composi­
tion B type shaped charges were tested next. The initial velocity of barium jet was 
8.9 km/s and the spreading angle was 1 °. Judging from the result of the K-9M-66 
rocket experiment, it is desirable to increase the quantity of barium liner from 0.3 
mole to 1.5 mole and to decrease the total angle of liner cone from 90° to 30° . 

� � : ��/� V 17 A '71 -r � �, shaped charge (nitmHi�) vc J: 0 --C � "'" -:; r c 
1..,--c,ffl�/!O)*�i:f:tvcMH:\ 1..,, tltW�lttlJF.�f&fflU-to 1=2 1r ·:1 r �,u:t, chi --c:-1 =¥ 
V 7-., 7 ;1. V -JJ, -JJ-J-jt'--C:·ifib:h--C�f-:;o,, t:,;o,ffi}--C:·i�t.:vc shaped charge O)jffl 
5e�fi1,,, Jli1, '�*lllftt1£:l'l!!vc:t-o1, ,--c S-510 ml 1=2 'r-:,, He J: 1? 3!i; § O)f&fflU�fi :HHimi 
--c:·So. 

ffi 1 lX!ffl¥e��--c:-v:t PETN/EPON * shaped charge � Jlh ,, �"'" ·:; r 0) f}J � It 
4 km/s, 0-6;o, I) O)@jftrj 5° c 1,,? *6*�1lt.:. ffi 2 lX��--c:-v:t Baratol/composition 
B * shaped charge � )fl 1, ,, f}J�).t 8.9 km/s, 0-6 ;o, I) O)@jftrj 1 ° c 1,, ? � rc;;O) § ffl 
tc� 1.., t.:. 1..,;o, 1.., K-9M-66 %1z1Hc J: o T ;s. r ��*a*�c J: :hvi, tJ::t-o!ffl¥ev:t-t0-c 
1,,x_ f, 4-� '71 -r �:I:� 0. 3 -'E 11v;o, G 1. 5 -'E 11vvc:tUt Lt.:? x., '71 -r ��JJi'1 t 
90

° iJ, G 30
° vc�!J!. � Gvc '71-r�O)l!JJi!hvcv:>1,,--c i��"t0&:,�;o,;5 0. 

1. Ba Shaped Charge tr.. .J: G �� 

��_,� !J 7 A '71-:r- � shaped charge (st���) K.J:--::, -c::, :r:.-:; r �r=-Mlfr'U/10)*� 

J:J:tvc:Mtl:1 L, mw.��W.�r&mu--t � p 7"-:,, r ��vt., -?-··er::.1 =¥ v ;;t.., 7 /' v -JJ, -JJ -:r !f --e 

* JlfJJ(*����tflHm3'.���. Institute of Physics, College of General Education, University of 
Tokyo, 8-1, Komaba 3-chome, Meguro-ku, Tokyo 153. 
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lffl9e � ;h, � @]�� � ;h --c "' Q. 

1969i:j::. HUNTER et al. (1969) ii��� l..,f,: Ba ��i!Zl 1 a 0) J: 5 tJ: cb 0)--C:\ �1lf c �'.ll�tJ: 

� rf K .. Sfffi'.llftiBi �{'F ::5n\G�'.ll�il� G tJ: �, lZI 1 b 0) J: 5 r::.SJZffifffir.iBtil�4t�PHfti:kO)�Ji 

71 :r - O)tfBJJ'��rri'" ::5 c, �Ji�tm� L---c,J�� c tJ: "? t-=�. � � �::.�rtJ:", L-1 * -:/:1:k 

(a) 

Conical metal liner 

(b) 

-+---+t---�Jet 
Sl / ug Detonation wave 

lil 1 nltmIIHIO)fFlb)]Om. (HUNTER et al., 1969) 
a) '.li§entr 
b) 3JZffii1'il!ilU:.·{:f: "? t.:'.liJelf' 

Fig. 1. Principles of the shaped charge operation (HUNTER et al., 1969). 
a) Before operation. 
b) During operation with liner collapsing. 
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Iii 2 l 971� 10 JJ 18 S 0) Ba 9eJ'c��llt:. :to vt G �J'c� 0)!1!f1'-l¥J�lt c �It 0) �r13i1¥J�{t. 
t.:.t-:. l,, m�tpey�3*0)9eJ'c�{ftfft�i1. ,f .(1,"4) POGO 10/68 t:. J: G �jJ� -:t:- 7 1H:.rfi 
v? ""C�t�3*0) �It 200 km ffiit:.�� l, t.:. t 0) '"t:'tl> G. (ilij�3*'"t;'O){ftfft�t J: < �fz l, 
--ci., Gil� G�JJ��t�m&�c .;.t.ctc c il�-z::-� G (WESCOIT et al., 1974). 

Fig. 2. Geographic latitude and longitude versus time for the intersection of Ba cloud 
with 200 km altitude surface in the northern hemisphere (October 18, 1971 experi­
ment). Both northern and southern hemisphere points were transferred to datum 
surface by the POGO 10/68 field model. Generally good agreement of north and 
south points indicates that field lines were equipotentials (WESCOTT et al., 1974). 
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� 3 1971�10}319 E ��tc.:to0" .:0 Ba ;e��O)[isl 2 c IP]�t.c�f13ja9�{tO)m�. ji!jj-¥3* 
tr..:to0-.:o&tffO)-!fcvt�m'.--cvH,1,,b�•!:l··ct1J: < t.ci,,. C.O)J: '.Hr..�f13jc;tH::.jiljj 
-¥3*"t:-it1J�b��t.c -:>t-:�i!r-a:-t:o c 1,, 5 c. c vt, �:1Jtb:�nt&c :7-;_t.c� t.c 1,, IDE 
W!i"t:'� .:0 (WESCOTT et al., 1974). 

Fig. 3. Intersection of Ba cloud (October 19, 1971 experiment). North and south drifts in 
longitude show a generally good agreement, but there is a significant difference in 
latitudinal drifts. Such drifts indicate that the plasma could not have remained 
in alignment with magnetic field line configuration and the field lines could not have 
been equipotentials (WESCOTT et al., 1974). 

v:.�fx:L., :/:r. -:; r'a:'%{'F--::>-C�O)iJ[mv:.:iflfiv:., 8-16km/s J:::1,.,,/j�Jf-c-MtB �hQ. L.t..: 

71�--::> -c, J::� 300 km #JLi:-Z:'1ifl7Jff)15tv:.fB--::> -CJ::JJv:. Ba �'a:'fliJ·� o c, Ba 1 ;;t :/:) :r. 'Y 

r viftl!-¥�0)��-#-i -C'{$cf, t/J]j='f- µ .J. - r Jv v:.:&£1ifl:1JrliJ:, :::t�h· t:,O);WYl-fl 'a:'�VJ'" 

-c Ba II 0) 4554 A •mat -z:-� G ;h, o ;:. c v:. tJ. o. 

WESCOTT et al. (1974) v:.J: o;:. 0) J: I:> tr�l�ffl*O) 1 -WHt� 2 c � 3 v=-�-tJi IJ -z:-J, o. 

;:.O)�� Ba plasma f;t1ifljJmatvc�@[tdf�O)fc.et>, ExB O)JJJPJvC�ib-to. -t"O)J!J!t V 

71• G E 'a:')J(CO o;:. c ;a: 'c' � o ;a\ E 0) �F1=191¥J�11:: 'a:'�� o vcvt, [qJ t,�]!t -cJ�tl('"f o&r� 

71:c:5 o 0) -z:-, ;:. h G 0) � vcvt::ft-¥�0) �l!t 200 km Ji vc� L. t�¥£J1t�O)f:SL.tl:iJ:� � :h -c 1,, Q. 

-�vc1iflj]ft)15tvt�m& c�-*. G ho 0) -z:-, � 2 0) J: I:> vcm::ftfilu¥:�v:.:r-ovt o E vi� 1..,.1,.,, c 

1,.,,5*5*iJ�14 G tLo;:. ciJ��i,,iJ\ tdi·vc.v:t� 3 O)J: 5 vcjµjj�f.::!c-evt--::> � 1? E iJ�¥idJ. IJ, 

*��v:.L.-c 1 mv, JJJPJvc.L.-c 47° O)�iJ�JlGht-:.-WU<bc:to. ;:.O)�,ftvcvt<bt,6A-1ifl:1J 

rti 'a:'�mfftti c� x. o;:. c vi -z:-� tr 1, '· ;:. O)��O)fib:htc.§IJ 3 S i1=19 vt:ttg��Ut i--::> k < � 

71• -z:-, Kp index vi o -z:-J, IJ, � G vcm;Jtfi_::c. ::z _,_ O)�JW*s=* <b 'ffl:rfJftJfi�O)'ffl:rWJ!tvibf 

71• vc. 5.5 x 104 {18]/cc -c;-c:5 o;:. c 'a:'� L. -c 1, ,t-:_. ;:. 0) J: 5 tJ°_:l}tfL� -Z:'fl�:1JJI '-i' <b vi ��1*0) J: 

5 �c� x. o;:. 2::: vi -z:-� t.r. 1, ,0) -ec:5 ;s 5. 
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1972if: 3 J] 7 El 0659 UT ( =X) v::u.:t- - 1=2 7 m J::�O) L=6.6 O)�JJ;\i K-t&-? :.C Ba 1e16 

�;,j�fi=: G:ht..: (WESCOTT et al., 1975). ;: 0) Oosik �� K .. J: IJ 11' G:ht.:.. Ba 1eJ't�c7)·� c!=tl! 

J::�lll,�tt� 4 vc.�-rim IJ -e, 1=2 1r 'Y r 56M,� --c:-� � Poker Flat vc.1 :/ ::r t. - v-;/ r t&!L 

v- 3r·· -, College vc.�1Jtt�:@::R :h /. 7, Ft. Yukon vc. VLF �lli�, Rattlesnake Peak vc. 

Ytffl:�Yt�, it.:.. Barter�' Ester Dome, Johnston Jib, New Zealand �vc.vt TV :h /. 7 ii� 

�vm �;ht..:. ;: 0)*5*, t.=. c x. vi. Rattlesnake Peak --C:'vi Ba 1eM,�ii� G�1Ji\i vc.f&-? -C*9 

38000 km •n t.:.. P ,� vc.:to 1.t ,-c Ba 1eJ't�O)�f±1 vc.nx;;JJ L -c 1.t, �. 

� -C;: 0) Oosik ��O) *9108:#Fl391ru vc.vt, ffl::W-1¥J tJ:ffiAlO) �3«.� 0) SSC ii�'fr:11 i -? -C to IJ , 
�B=#Fl39f&vc.Wffi, � G vc. 0300 UT �vc.vt 1000 7 0) negative bay iJ��lllU�;ht.:... Lt.:..ii�-? 
-C Ba 1eYt�ii�f1 G:ht.:.. 0700 UT IJHtb .i: ? c·�O)�lfWJvc.�t.:.. IJ, !=tf!3*0)Jmlffi £�4.2 0) 

------
------

--
-----

CANAt>A 

10.000IOI\ 

jg! 4 Oosik ��--e;-� i'.:).nt-:�jJ�O):&c-t"O)fi.fflUO)f-:bb�vt i'.:).nt-:fi,ffl0,�0)W:.!f��-t 
IDlOO�. �:1J�O)? 'b, ::t:1.,,$:fr�t,,� v '7 A :P ;IC ':I 1- tJ•ilfflU,�O)�Jn:::.t.uii � .n t-: 
$:fr-C-� o (WESCOTT et al., 1975). 

Fig. 4. A composite illustration of the geometry of the Oosik field line and the location 
of some of the observation sites for the experiment. Heavy part of the field line 
is the portion traced out by imaging observations of the barium jet (WESCOTT et al., 
1975). 
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#:il[f:.n:. ring current iJ�ffit;h--C\,,f.::.::. c rc.ts-..'o. LiJ· L� 5 K .. J!Gho J: 5 vc. College --evi 

::. O)m¥lUKvi:Ll!H��vim-ffi-e25 I), ¥eM�195Ht� Lt.::. 0718 UT vC.f}]ob 't7.Kf P.X:5tiJ� 400 r 

�fft�{t L substorm O)"kfJi 0t.::.::. c �� L't\,'o. -z:- L 't ::_O) substorm vift!!O)�,illUfWO) 

�� c�i; L 't t �hob'tfµjf9r8"Jtt.. t 0) '1:'25 o::. ,!;; iJ�'.7J"iJ• 0 't \,, o. � 6 vi College O):@::;R 

7J.) :1¥Jt:--c'J!> oiJ�, J:O):im��n!iifJvc.:xtfit L't¥sM�175t (X+175t) IJii -evtm-n,ts-..1* 

�*- P 7 iJ�mO)� �c.mn 't \,, o iJ�. X +185tlJliJ• Ginc.7) -T /� c ft.. I), X +195t c 19 

5t40:f';J,O)F139vc.::. 0)159ett..7J -T /�*- i:r :1 (*- i:r :,O)�tO)�) vi, Ba ¥e1t��miJ·G 

�t �c.m�0 "(\,,00)n�ii00 Gh o. 

� 5 Oosik _,� 1J 17 AJe����O)lru��-t"7J"Fa10) College vc:tovt Q ���:1:Jtf0)8G� 
(WESCOTT et al., 1975) 

Fig. 5. Rapid run magnetogram data from College in the interval of the Oosik barium 
injection (WESCOTT et al., 1975). 

1e:oo 19:00 19:40 20:20 20:40 

� 6 College vc:tovt Q�:X:tJ ;1- 78G�- X fl. i:z 'T '/ r Je:!tt�JU-e� I), �*vt X J: I)� 
0)7J" c fry�� L --c 1,, Q. �¥�0)J!/±\�Faivt 4 t)--C:'� IJ, ��a(;�tilU::, ��ITT* 
il•:t:ivc < Q J: :i �fl:�n--c1,,Q. �¥�17'10)::JtJJJvt, �flt 100 km 0017'1--c-�fflU�h 
t:/ 1J '7 AJe��O):,l t !lJ3 Q 1,,fftfl:�� 1..,-r:1,, Q. :,l�O) 2 ;: i --c:-vt:t- - i:z '7 ii• G 
-tl:"A..,flij��� l.A®oo--CI,, Q (WESCOTT et al., 1975). 

Fig. 6. College all sky camera data. Xis the release time, and the exposure of each frame 
was 4 s. The frames are printed with magnetic north up and magnetic east to 
the right. The small circle in each frame indicates the 100 km foot point of the 
field line corresp:mding to the brightest part of the observed barium cloud. The 
last two frames show the spiral structure of the aurora (WESCOTT et al., 1975). 
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-15. Ba �vi X + 160-i "c'vi>ii1J �Cfilb L -C 1. ,f.::... -t"tJ:b'0, 11t:W E vi1¥Jftil � "(·ci; '? t.::.. 

7J�, X +1973-40�U�vig!HCfilb, i'"tJ:b'0 E vi�tftil@" c. tJ: '? t.::... .::. ;(l,7]\ G:t-- t:1 7 vi E 

17) 1J ftil vCib \ 17) "c'fJ: \ , � �c:;t - t=2 7 :/' :r. 'Y r �cs I iJ\;h, G J: ? �c, NrJ lffl 17) 11t3'f. E '11� 7cl7) 1J 

rtu�ffi.1tU� ;h,-C 1., Q c. 1. ,;!t_ Q. � G vc:;t- t=2 717)�t�'l1�7cl7)!1f!J;�� �titWJ Q�ft E O)M[vi@" 

b6b-C::*: @" <, 200 mV/m vc t :iii'" G, .::. ;h,vi:;t-P717)�t��CJ\11t?irrtJ� 6 x 1012 C/m3 �ff( 
t.::.. t '? -c", Q c. i.,? HJPctJ: Q. 1 t.::..m:1:J�O)�vi Pooo 10/68 17)3f:leyfff[tJ\ G::*:@" < 7'f.n 

-c 1., Q tJ\ .::. 17)7'f,-;h,vi:t- - p 7 �t� ·es x 10-2 A/m ��17)ffi11tvfttJ;J:rtu @" vcvftn -c 1., Q c. � 

5.Ei'"G.::. c. vcJ: '? -c�� �;h,Q. 

1973if.ll)=J 17)� A'¥'Eti1ti£ Skylab a �[A]if.12}j 17) Skylab[, vc�vt G Ba �1c��.� 

(WESCOTT et al., 1976 a, b) "(·t [A]�ts:WHfitJqj-b;h,, 1I*lb:t--P 7 O)�if. 11t3'f.vitl*lts:� 

r��i'".::. c. �. �t-¥fj(l7) :n -r :.-1;{k:;t- t=2 717)�ft7cl7)�t�"c· 0.2 A/m ��17)ffi11tvfttJ; 

J: rtu @" vcvft n -c 1, , tdf 17) *a Bi tJ ;� G ht-=. . 

.::. 17) J: ? vc Ba shaped charge O)�l�HCJ: '? -C� Gn Gf&IU*s* c. l--C, ?7(17) J: ? tJ:� § 

'/J;�;!t G;h,Q. 

1) m��ti G � vc11t-�vc�vt Glitt:1Jtil7)�17)lk:'.xE. 

2) .::. n G 17) t!ttJ;�( 17) tltW-17) * @" � c.15 rtu. 

3) *- p 7 c.Ttro�mvrr:. oomvrr:c.0)�%. 

4) Ba plasma c.m�!mtJ:I.' L1it-� c. O)fffi[f'f=ffl, 

2. btJ�mtc::.�vtG Ba Shaped Charge 0)�3S 

b'/J;OO vc:ro I. ,-c 1b 1977if.tJ*n!t�il��ffl I. ,tu� Y 17 A��;:z.. - t=2 �
o 

17 A�/7) M]9e�fi'? 

-C @"t-::.. 

2.1. � 1 *ml��G (1977�) 

;:_17)�if/7)rpif1L�vi (1) nlt�'.kl�vcJ: -?-CfffitHi��{'FG.::. c., (2) itJ!tJ;�jt,.� Y 17 

A l*J 17)�3! 3.9 km/s 17) *9 2 ffl- c tJ: G.::. c., (3) �i!IHCit ;!t G�jt,.� Y 17 A 71 T -�{'!= Q .::. 

c., ( 4) / 1 � :.-13<'fJ * vc J: '? -c ,.� Y 17 A 7
° 

7 ;r;: � (!) :/' :r. ':I r tJtM !±I � n G�it, OOifiJ tJ; "(· @" 

Qt..: vt ,J, � 1.,.::. c., (5) ��i:f:t "(· t, .�!l<.iJ\ G :/' :r. 'Y r 0) �Mi "(·7E� ts:it1f& 17) fib tL Q .::. 

c.. (6) f;J¥�mt� tJ: c:· t=2 7 'Y r 17) fflm vCit ;!t, '/J\"J��tt/7) c1; G .::. c:J!ff: "(·ci; '? t-::.. .::. ;h, G 

17),� vc:x-tJ;r; L -C1977if. vcvi� 7 17) J: 5 ts:�1'!=��1'!= '? t-=.. .::. n vc"'.J 1. ,-ct!Ht���"(·��� 
fi'? t-=.*s*vi, 7

° 

7 ;(� O)'!if /±IJ!�iJ; 4 km/s L'/J\ tJ: < , it-::. 7
° 

7 7-:· � 17) D 6 '/J; IJ 17) u@jfjtJ; 
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-+---- 90 --- 1a�f---

� 7 Ba��� 
CD Ba '71-J-- @ PETN/EPON *�� 

® 3¥-ffiHlr•��nltJ=§nlt��� (PETN/EPON + :::=. r µ -luv P - X) 
@ 1!t�fflT @ Al ... � c1 ;\=- :,; !f 
® � _.,_ '7 1v � :,;O)'Ef{,$: 

Fig. 7. Tested barium shaped charge. 
CD Ba liner. ® PETN/EPON explosive. 
® Plane wave generating shaped charge (PETN/EPON+nitrocellulose). 
@ Fuse/detonator. @ Aluminium packing. 
® Duralumin case. 

5° UJ:: r:.o- ;;st;; IJ mWJO) § l¥Ji:J;�-tt G tL tJ: i:J· "? tc.. � G v:./� � 17 A :11 -r - �t, ::r:. =;- 1v -e 

1v µ - ;(*O)�ffltf!J··ecb 0 n ;t- .... � 'Y !7 --c·:::i - r -1 / ;:,·tdT--:> t::.i:J;, 1-3 �i<'l9 I§ v:.�� Ba iJ� 

?X k v::�ffi i:J• G ftt{I:: � tL 0;: c i:J;*UW1 Lt::.. ;: 0) !*'2sl vi fffi¥Bt v / ;(O)�Hi:Jt��-t-5}--C·tb-? 

t::.;: cc, �.�5l¥0)@:f£t;;1J\ ���tt::.,�i:J\±tJ:!*'2sl c�x.. Gh0 (i:f:tN, 1977). 

2.2. m 2 �im��� <19,1s�> 

2.2.1 f ffi¥Bt v :/ ;( 

19784-VC..A-? -C i-f*:m1¥JtJ:1JI� v :/ ;(�{'f 0 I§ g9--c· 7 .J. � -JJ Los Alamos --C·O)���� 

� 1 Baratol �if .H:: 
Table 1. Mixing ratio of baratol. 

Distribution of 
TNT BaN BaN grain size ( % ) 

Sample number 20,¥ 48# 100# 150# Pouring results 
(%) (%) I I I I 

48 100 150 200 

25 75 0 60 40 0 No fluidity 

2 25 75 0 50 50 0 Impossible to pJuring 

3 25 75 11 41 24 24 Difficult to pouring 

4 30 70 11 41 24 24 Separable 

5 28 72 11 41 24 24 Good 
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� v::, f�3!1i� c L. --C baratol ��ffl i'" Q:ntt�.ll--C t.:. t.:t.3. L., baratol vi� 1 v:.ffii'" J: 
5 v:.n\(;5t0) 1 --:::>-c-j; Q ffiltt/� JJ 17 A (�% BaN) O)f_ft)t c fflHr JtiJ;::k � < �- Lt.: . i""ft.b 
't> No. 1 �tr ·-e vi BaN O)fJiriJ;ffl. < , i --::,  t.: < ffi:fbttiJ;ft.iJ\ --::, t.:. No. 2 v:.j;;,1,, ,"( cb ft.j;;, 
ffi:ibii.:}' ft. < ���fil§ ·-eJ; '? t.: . No. 3 -e c· 5 v:.iJ,�� -e � t.:iJ;, ;r,. A - ;r,. v:.ft�tJ;��:tk 
� '"c'vi ft.iJ\ '? k. -17 No. 4 0) J: 5 v:. TNT O)il� Jt� �* � < i'" Q c vfEibttvi:f..1i'"iJ;, 
BaN c O)f139 v:.71.0)@{Jtij;o;,m;ht.: .  *5,FµJ No. 5 0) J: 5 ft.�*'1--c·f9r�O) cb O) iJ;:µ} G;hk. 

iX v:.�3111� c L. --c vi composition B �ffl 1., ,f.: . .::. ;h c baratol 0)113!7TIU5E*5::�Hi� 2 0) 
Ji I) -c·j; I) '  t.3. \, ,f.: \, ,SfffirBt V :/ ;( O)�f4= �� t.: l, "( \, '  Q .::.  C iJ�li'iiJ\ob G ;ht.:. -'tO) JlU5E� 

Shaped 
charge 

Composition 
B 

Baratol 

� 2 Jilt�1i?IO).J!fflU�fii 
Table 2. Measured detonation velocities of shaped charge. 

Detonation Mean Mixing ratio Density velocity velocity 
(%) (m/s) (m/s) 

7576 
RDX 58 

1 .  64 
7692 

7650 TNT 39 
7692 

WAX 3 
7652 

TNT 28 
4760 

( 20#- 48# 1 1  % 
4690 

2. 33 4700 48 -100 41 
4734 Ba(NOa)2 72 100 -150 24 
4660 

150 -200 24 

�i� 8  v:.ffii'"jfi lJ -c·, rl3,� 50 mm 0) 1 :i" :/ =¥ -v 'Y 7°0)F139 � 1 :i" :/{t L.t.:;f&�ffiiJ;ji;®i'" Q  
� rl3, � :i" V P ;t,. ::z - 7° v:. J: --::, "( * ob t.: cb 0) '"c' J; Q . Bara to I 0) ��, 7 r !J - /V iJ \ G @:  � '� 
!k -c· � ft. \, '  0) -c·, 7·· - ;r,. !7 - c L, --C composition B � ffl \, ,  t.: . t.: t.3. L.J{U 5:Eif 0) pq f£ vi 36 mm 

L.iJ, ft. < ,  tJ'0l:vf�O) 1131£ 80 mm O)�� v:.Jt L.1§3!iJ;,J\ � ob v:.tB Q PJfj§'[i.iJ;J; Q .  .::. 0) 
t.:ob� 9 v:.ffii'":n� -c-, nlt�1i� v:. J: IJ ft G.n Qfffi1ifitJtO) Sfffi/tO)JlU5i:� s J3 v:.I�tt 
��*�I���ffl-¥�53-� ��� L.k.  

-� v:. 2 fi� 0) nl<:�11� � ffl 1., ,  --C -:SV-ffi1ifitJt �ft Q ��, � 9 v:.j;;, 1., ,  --C baratol P3 •O) :m 

,i�iJ, G P3.0) �ffi v:.� Q�r13iiJ�� L- < ft. Q J: 5 P3-�JEJ a �� 'Y r i'" Q .  -t tu:.v:t baratol 

0)1131� VB, composition B 0) 113!� Ve ci"" Q c � 

. VB 
Sill a =----p;;-
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b) 

(/J?Y'I-) 
um,.'J'Of' 

f,(;t:t\'"("17
0

) 

T 
36<; 

.L--'---============I_L 

1 50_1E--_s_o _,1�_4o_=;f� 

BaMkl 

t-40-!1��40 ----J 50mm----"'!� 

� 8 ijl!}illJlUJE�TII 
a) Composition B O)ijl!}illJlUJE 
b) Baratol O)ijl!}fill}lUJE 

Fig. 8. Principles ofmeasuring the detonation velocit(es. 
a) Detonation velocity for composition B. 
b) Detonation velocity for baratol . 

. · : . :") ·0 . 
___._---1-r-'-"-�� 

1 ��ti= J. =-, 
X 

� 9 f ffiiffi$i'Bt�:{'F o shaped charge �{'F� 
Fig. 9. Testing app:iratus for shaped charge generating the plane detonation wave. 

0) '*1 ffiiJ�nlt 1? :ft --nLt "' , . t-.: ti L��� t::. v-1 �5f-O) D 0) ::k � � �"if�. 25 0 "' ,  v:t -r r Y -

1v iJ, GJ2'Y<.iJ� v:tt-.:. L--C ;;�� vcfib:h � iJ,i!fiJ,, �iJ��}J 1,, , --c < 0 .  Lk il� -? --C a 'a::'3'-�fil[O) 

38° 'a::'i:f:t,C.., vc 41 ° iJ, G 33° i -r-� ;t, D cb 6 mm iJ, G 20 mm vc�x. --C��'a::'fi "?  k. lU5E 

vcv:t ;f - 1  7.. 7J ;1- 7 O)m(:J'-'a::'fc::.ffl L--C�J!i¥-J 3 km -c' 7 1 11-- A 'a:'.'VTE Lt-.: (k ti L��v:t 7 1 
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Jv A '-z'fifil� l,, 8 ffiM'-z'�Jf@J�-t Q) .  Shaped charge O) fijffi v:.vt, m-. 75 mm '.z'� -C -C  

�*.O) f.::.)i:> O) 2 fj( O)  7 1t.- � :f]ziJ;ffiM L, "( 1., , 0 .  --�iJq�J 9 0) XX' ffi v:.�-t 0 c XX' mi P'J  

O)�� vi59i < EE� � hmiml. c tJ: Q O) --c·, -tn v:.� Lt-: 7 !l Y 1t.-ffiiJ;ssi < • < . t. O) *.'-z'7' Y 

,:, 1' '-z'Ji L -CJ::�2.vfE L 7 --1 1t.- A v:.� < . �U5E�* vi�10v:.ffe-tii IJ --c·� Q .  �10 a �i com­

position B t-:vt'.z'J:fh ,t-:�if --c·, ��8ffi�O)Jj.i]ti1;,itfi-t 0 . c 0) c �:i&W v:. XX' mi 

O) i:p,t.,fffiiJ�J'c I) l:B l.,, c O)*.,� vi�Fai c � v:.P]�� v:.)WJ lffl v:.!JtiJ� '? -C fi < . C O)�* XX' 

KiaH:.ifb�f-:: 7'  Y ,:, 1' '-z'im L-Ci!UJlU-t Q c ,  �10 a © J: ? ts:. ¥ Ji �cH l c ts:. Q.  �10 b vi 

composition B+baratol O)fffi v :,.;  ;('.z' J:lh , a =38° v:.-t ,:, 1' l.,f-=:�if --c·� 0 .  C 0) c �¥ 

Jiic.� --c·vtlittJ� v:.JWJmtmtJ�nftJ� v:.� � v:.*. IJ l:B L, i:r�fffiiJ�� c --c·*. '?  -c 1., , Q . -t ts:.n't:> 

fif•� vt[!!lffi --c:·� 0 .  ts:. :l=cl: r O)*.IHtJWJ lffltJ� i? O)'Mx!L*. -e � '? -c,  ?:llU5E v:.vt�ffitJ; ts:. 1., , .  

�10 a --c· c hiJ� ts:. 1., ,0) vi Ru lffl '-z'f�± --c·fifil 2!b'Mx!L*. '-z'lw 1.1:: l., t-=: t-=: 6b --c- � Q. �JO c �i com­

position B +  baratol 0) v :,.;  ;( --c· a =36° v:. l.,f-=:�ir --c·� 0 .  ts:.:l=cbfiJ, v:.[!:!Jffi --c·� Q iJ�lli!f 

@rltn�m i? n t-= c c '-z'ffe L -c 1., ,  0 .  c 0) J: ? ts:.���:!1H:. J: nvi, ��1:1:m � D, If �O)tt 

( Q )  ( b ) 

�10 �ffi 0) 3¥ ffi Jl'.ilUXE 0) t.: 2sb 0) �J!�Jt (a) Composition B O) .;,O)ffl'fr ;  �ffi�i8 

( C ) 

(b) Composition B+baratol 0) F3•.liE?:J a = 38° O) ffl'fr ; �ffi�il!!J 

75mm 

(c) Composition B+baratol O)p:j.JfEfi:J a = 36° O)ffl'fr ; �ffi�ibf;o,i,;::.l!!J. 
Fig. 10. High speed photograph determining the curvature of wave front. 

( a) The case of composition B only: Wave front is convex. 
(b) The case of composition B+baratol, base angle of cone a =38° : Wave front 

is concave. 
( c) The case of composition B+baratol, base angle of cone a =36° : Wave front 

fs sl:ghtly concave. 
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t; 
�s) 

t 0.
5 

Concave? 

O 30 35 40 
--. 0(  ( " )  

45 

!gill Shaped charge 0) P3•litfi4 a c jj�ffifFsi t c O)'*lf*, t.:.t!. L. t vimlffi 75 mm 0) P3 
% XX' iro'a'.'6i t.:.vi[!!IO)�iroil•Ji�-tG ffifFsi. 

Fig. 11. Relation between a and t. T corresponds to the time interval when convex or 
concave wave front passes through the circular plane XX' of 75 mm diameter. 

;¥-, H::.iJ. /.J·h G f:ifZffiiltvi f13 �;'.�jfj a t� vt-c·viv! i:tc i o :.: c iJ� 00 G i.J. c t.i:: '? tc. . � 1 1  viffiiWa 

v::.f13�Jl'Ejfj a, !MEffi v::.J::!c�J!lt�J p::.� vt 0 XX' tJF.O) Ji.rErni��Fs9 t � c '? tc. t 0) -c-, 

:.: ;hiJ, G (X = 34° 0) C �ift t Titi.?Bl O) fffij/jtO) \, \ \, \ :.:  C /.)��ft � ;h Q. -{- :.:  -e�Jt 9 }j v::.I 

*ttffi�JRJ?-I*��m -c- a =34° t.i:: Grn::. 34° ±1° O)���fr1,, , a = 34° 0) c t%� t.i::3¥ 

rni'.liifi?Bl O) JfJfflt � .n o:.: c �1i1Ui L tc.. t.i:: � baratol O) �h � v::. amatol � J:Jh ,tc.�� t fr 

'? tc. i.J\ 1f�O)�JU{@:vi��5E --c:·t10 '? tc.. 

2.2.2 /� !J ? A 7 1 -r - 0) nit� c lv'Jj!k 

4:�,, � !J ? A O) �UH:tfi[ff 22 mm 0) P=J� -c-J; Q, f13�:[-k O) JH:Uf0)312� 7 ffi�fljffi L -oJ 

tXEE�fflt� �fr\,,, :l:�1¥Jv::.:7}ff 60 mm, �JJ[jfj 90° 0) �120) J: ') t.i:: Ba '7 1 -r - �{'F o 0) 

-c-J; o iJ\ �13 a 0) J: ') v::. i flO r ':/ 7° v 7' -C'fi[ff 60 mm 0) f13:tlz vc l-t-:f&, 312� � ffl 1,, , -c 

� � w:� �fr'? ts: 2:: :.: ;s ,  i:p,C,,$0) vniitiJ�* t"' ,tc.©ilin1.J�1=. r.. xt-t 1...-tc.. -f: :.: -c- � 

13 b 0) J: 5 vc:lftWil[ff 35 mm 0) f13�:t,nc Ltdf, Ml � nit� �fr ,-:, ts: c :.:  6,  4-ltvi� vcmJ 

3R 

[Ba.] ( 'l'I. '1%) 

jg)12 i:p� PUlID Ba '7 1 -J- �. :1::IJi 68 g (0.5 mole) 
Fig. 12. Hollow cone of barium metal liner which weight is 68 g (0.5 mole). 
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(a.) 
IOt LJ- ��� 'ho.1-7 

( b) 
J Ot 

LJ � � 'ho.1-7 

�354'-j 

(C) ( O t  u E:3 � 'h.o.\-7 
r-4s41-, 

(d.) '� LJ � � 'ho.7 
$� f)@i ' 

40t 

LJ � \7 
( e) 'ho.4-. 7 

r22t..i . j+-45'/> 1 t-604> -+ 

�13 & , 1 � - ���G � V� �IO)ffl� 

Fig. 13. Schematic diagram of barium liner 's press processing. 

�tm vcfU.:h�1:: Ct-:. �13 c viJ:�c[ifu�(7)1JUI!Jf �Jtftx � -l±" G "':n b IJ 'l:'1£ 45 mm O) PJtlziJ� G l:IHe L-t-: c ;:. 6, ,J" � 1.,,  tJ: iJ� G �vi IJ !UhiJ�1:: t: t-:. �13 d -c:vi 7 1v -::l Y il 7' it 7-.;;i=i '"t:'rM! g 710°C O)�]i,,, !J 17 A �  750°C i ··e1JU� l,, mr!i1!1& No. 7 �� vcvfE l,Jb� f-:iJ\ � i? .:h t-: 7 1 -r - vi � bob '"C cb 6 < , ]it� vi�}& '"t:' as -:, ts: . i ts: Ba (7) l'f*s faml.!Jf --C' as 0 220°C � 
y L,J: i b G 230°C i -e11u�(7) ? X., � � fJ: i L, L, '"( cb �B a� (7) !Uh �w 11:: i" G ;:_ C vi '"t:' � tJ:iJ� -:, t-:. *srni, �13 e (7) J: ?  vc, 1JUI�{l:: vc .J: 0!Uh�YfJ: < i" G El 1¥)'"t:',EE�@J�� � G L,, No. 4 c No. 7 17)��t-:vt�J�h ' ,  500 I- � 7°Y 7' '"t:Ja�F1:1i (�f};) (7) F1:1,40 I- Y1JU 
x. '"(}it�i" 0 t. c vc.J:  I) ,  vi ViiFJrm(7)�(7) <b (7) iJ;�·l?nt-:.. ,,, !J 17 A 7 1 -J- - (7) !?}jj,!kJrl1l.!I[ c L '"(fiJjzt(7) J: ? VC7J .:f ,,{ ,y !1 �ffl 1., ,t-:0) '"t:'vi 2 �rl3, '"t:'�i!k iJ�vi t: i 0 ;:. c iJ�!!l3 GiJ�  c fJ: "? t-:(7) --c·, )f:(7)1& � i �· i tJ: =i - T -1 Y :1'�*4 ���' '?)( O)Jj j\'°t:'ViHi�fe.tJ:*s=* ��t-: .  i"tJ:b'tJ, i f  ��17) EJt{[::,,, !J 17 A O)f}Jlffl�iJ�vt G t.  c vc J: IJ ,. 7 1 -r  -�ffi vc BaC2 f}Jl��{'F Q. t-:t.!. L, ;:. .:ht.!.vt'"t:'viWH�1¥J vc5ij 1., ,17) '"t:',,{ 7 7 -1 Y 17 'Y !1 7' �iJ�vt Q. LiJ� l--t h -c: 1b 8$tJ: c '"t:'ft. !1 7 ,:, !7 (7) A Q �fJl§ltiJ�� G (7) "'C, !mJ.K L t-:.=t­v v :/m� ��EE�m1&. m:1l!J c L '"(ffl \, ,  '"C v - Jv t:0 

- Jv �mn� L, '/' - Jv e - Jv =i - 7 ,1 
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2.2.3. �itr 7' r 
�l§flt 't'O)�it r 7'  r vcffl 1. ,t-: Ba �f):�O)-�fi�14vcJ! G .:h �  J: :i vc, K-9M-66 %� 

vc*i� L ts: t 0) c [A]- 't' ci0 I) , '7 1 -.r - 0) )JJ di,. iJ � 3 .5 mm 0) A � c , 5 mm 0) B � 0) 2 ;fl! 

ffi't'ce, --::, k. A, B filu�vi 1 m fiEjO)*;f$0)i:f:t:9<:vc{rpfiE] 45q 't'-t· ,y r t,, *;f$0)mJlt!Hcv:t±O) 
'5 100 1lel �-di,. ce> vf ts:. . 

��O)*s!!t A, B filu� c t f"f:ib�tif--Z::'ce, --::, t-:. .  Mlli�.:hk · Ba '7.1 -.r -vi�ma_O) t.::.cb� 
L < ��i:p0)�*:5t-=f c N_� L, 30 m vi c'ittrFf31 vcN_��� :.:, t::.. kcb, Ba :1:0):;!r f! l.t '  A �  

"'Cvi 1 :fr) 500 � i O)�Jf 16 mm 1,. - l::" - 0)  2 � i § --c:·-t--c:· vc¥aYc�t� 7 L, IEElt!M!:BJ! 
lt�>l< cb �  � c vt--z::· � t!iJ •--::, t.::.. t.::.ti 5 km/s J: l? JliJ� --:, t.::. � c iJ�1.t ,;t �divt--c:·ce, � . LiJ• 

L B  �--C:'vi 500 � i /t];O) 2 � i § i "c']t� }C Ba :) :r. ;,1 r ��_iji-t � � c iJ;--z::-� ,  � .:hiJ• 
G>l<cbt.::. :)  :r. ;,1 r O):vJJ!vi 8.9 km/s . ·t:ce, --::, t.::. .  M/:BJJ[qlO) '5 'b,  'D' iS iJ; I) O) @jfiE]vc"'J 1.t ,-c 
vi, 1. ,f.:M, t 1° U173vc�i l? F1=15Mvi t!iJ� --::, t-=.. � .:h,vcxt L {£PfiEJvt A �iJ;45° ±1°, B �iJ; 

�14 K-9M-66 �fflffl'.ttffl Ba 5l!i0)-� c Ba Sl!itJ:: 1?Lf�;:.7itt�-l! -:,-1-i;--ffl'.tx;:jjt� 
Fig. 14. Schematic diagram of barium shaped charge and magnetic aspect meter in 

the ·K-9M-66 rocket. 
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3. K-9M-66 -ry-� o 7 ·:1 r �� 

�14vi, K-9M-66 %fflHc� vt 0 Ba �O)m=•t1ti,? :�ffii" t  0) -c-, i=i -r 'Y r fm vc)aj- L�O)ilidf 

vi 30° f!l \, \ --c \, ' 0 .  p 7 'Y Hi� L J: 5 q:r' 1rpff=J 80° Z'q:J1[) }C.7, 1::.
0 

/ � 7
° !J "1! 'Y ':/ 3 / � 

rr 5 0) --r-, 1itl9f-(7)JJfPJ vi1rpfi=J 41 ° --r-25 -? --c t , �O)fmiJ�1itl:1J�JJfP1 Z'fPJ < RJtl§ttvi � b co --c  

� "  , .  Ba � O)  JIU vc vi-lO)ilidf vc:iJlfivc1ttl� -t! -:/ -it  - iJ�l& IJ # vt G ;ti, --c � IJ ,  -t! -:/ -it  - 0) 7J fPJ  

iJ\ -lO)jfg,1�(0)1iil1JffJJt0)7J[P] vcx;J L, 5° tJ ff3 vCvi \, ' 0  c ,  3r 1 '"'<' - 0){j)J � --c- Ba �O),�j(iJ� 

rrbn 0. c ;:.  0 --r- Ba �iJ�fFivi" 0 c, ff P-fi:viili'l� L, -lO)iJitJt vi±: vcfm c @ifi=JJJfPJ vc� 

'l&i" 0 0) --r-, 1itl� -t! -:/ -it  - iJ:{j)J � 1±\ i"30fJ;lW vc Ba �m:•$ Z' !fJ]]lrIT$iJ· GW IJ * L, 50 m 

tJl:�-Z'� -o ;:.  c vc Lt.::.. i t.::. Ba �O) fPJ � iJ:-riUjm IJ vc" , ii·f, 20fJ;Ff39m�-t! -:/ -it - �  

itlb � -tt--c t ,  1itl1Jff,,'JHc:iJlfi vctJ: G tJ:iJ· -? t.::.� vcvi, § l!Ja�nc�O),B!kZ'fi 5 J: 5 -t! 'Y r 1..., 

t.::. . 

K-9M-66 %�vi1979i¥- 1 Jj 23 El JS T1806, j(mi¥u!Jt -9° 0)37Jli§J3�0)�vc[P]ii• -? -CIT 

'bl:vf G nt.::..  ;:. O) c � 300 km O)J:� vcvi \, , i_ f-: S :@tii�c5 -? --C, i'i= Gnt.::. Ba 1 :;i- -:/ vilwl 

,tg � ;h, Ba II 4554 A .ffiZ'Jei" 0 ii\ P3Zim, mm, fir�. 0JJ l l � J: ��rl.J tJ: c·O):ttgJ: 

�it� --c·vii" --c· vcliim- < , s �£ i --c·'JJ.Jt --c·ffl� --r-� 0tlt� --r-25 '? t.::.. x +310f}} vc�vi:®lH!rIT 

$ii• GW I) . � ;h, X +340tJ;iJ. G20f};Ff3,m� "1!  -;/ -lj- - ii:mnffi Z'1* LiwEvtt.::.. c ;:.  0 ii\ 7
° 

!J "1! 'Y ':/ 3 -:/O) m]JtijiJ: 1 73-ili: < 25 '? t.::.t.::.cb, ;:. 0)20fJ;Ff39 VC vi Ba �O)ilidfii:mn�vc�3$(-j",o 

;:. c tJ: < ,  X +360��!Jt 316 kJ?l --r-�vi ,B!k � ;ti, , :,:, ;r. 'Y r viwl:1J*,,'jl c*9 40° Z' fJ:i"JJfPJ 

vcMI±\ � nt.::. . ;:. 0) t.::.co :,:;, ;r. 'Y r vi�J! vciJttx 1...,, w11J*I Z'� 0 i --c· vc� G tJ:ii· '? t.::.ii:, 'JJ. 

�O)ifis* vc0 \, ,--c vi!JUE� L < Mtfrq:r ··r:-c5 0. 

?x@JO) i=i ,,- 'Y r ��--r-vi, &tJ: < c t  wl� -t! -:/ -it  - O)it*�rf3, Z'90tJ; vcO) vi L, i t.::.4:li 

/� !J ? A ii t 0.3 -'E- /V iJ• G 1.5 -=E:- ;HC:ii:fi L, t.::. ? *-'  7 1 T - 0) itffi fi=J Z' 30° i --C'i* < � I) , 

7t:@:tJ: Ba Je:Yc� Z'11= 0!timi --c·j; 0 .  

4. HB�£:l:ifr -c-OJ Ba Shaped Charge �� 

wl�-t! -:/-it - i --r-�co:@:'.i::fi*9 20 kg 0) Ba shaped charge vi i=i r 'Y r c L--C S -510 � Z' 

fUffi L,, �!Jt 250 km 111: --c· release i" 0 .  JeM�tUvij(��)JtiJ; -8° --- -12° O)?-i!!f1�Z' 
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��ii\ 13If¥P�:l:tl! --evtf.f§J3ffif0)�*1cffifFcc1i tJ�:Bt \, '  5 x., *imHc J: 1> mjmffiftUil�* � < �1t--t o 

0) "C', ,i- - P 5 O)ri51/JO) -*rJ!'.�I vcx;J-fiS L ktmmutJ:rrb:h Q vtf -e� Q .  :l:tl!J::fmvlU,�U: V-Cl3B 

��:l:tl! c JJs f vi�:i:tl!O) viii·, J::�il�A Q AJfjl§·l1: ize�II L --c 7- iJ ;J.,, 7· 7- -*  7- lf�:tigw vc t 1i!Jt� 

7] ;1,  7 ize 2 # -t v  r -t" Q .  

1: t-:����,� c 0) '*1Jl izeFPiJm vc--t o::kmJ.5&i��O)�-fr, v 1 =:t- -i, e:· ':I !1 0) viii·, .:f.- -tf :,; 

e:· - !1 , -tf :,; v /� ;J.,, ,  ""' :,;  iJ" v, !!. 5 7' ::t - 0) tj:tO) 2 iJ m�,§! vc�1J{U,� ize�� vt Q t. c ii� -e � 

\, \ .  

fflJ'i!.��J'/!-0)�1.Jtci::TI[�fmvlUO).:f.J§J!'. c L--C, Jlr \, 'ft* Ba shaped charge ��ii\ 13Bln� 

:l:tl! -errb n Q ;:. c ize JtJH�--t Q . 

�b 9 vc4'@], shaped charge 0)�¥Evcfiilil• c  :::·m::f.J\, ,f-:f� \, ,f-: 8 7.fs:I�O)�ffi��J:Ei. 

- ?" �'.m;k.J:Ei, B 7.fs:{t,�O)�ffi�=::J:Ei tci:: Gu vCI�JJJzUr�*�I*��mO)jffi��=fEi vCf,\ 

ii· G��O) Jl ize�-t" Q .  
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