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CF, apm#n, I’,lper ?hmber lhO

1 NTNfJINJ(T 10N

NW IWWLLWMHNT m mi ALMS

lmrnie H. lqttapman

L*s A1.imos ~arlonai I.aooratnry
1,:,s Almo%, !JPW 14@xicLJ R1545

?lTCJ is dn I.xplosivI, wlrh r_dll-ulatwi pPrform&rcr? near rhar of tU)X bur

with st?nsl r ivit f dppr’oarhlnq thar of TA’i’J3. Potmthlf! us-s for NTO would ho

as an altf?rnatlvr ro Itl)x In lormuldrtcns wher~ a lowt?r !wWwitivity is

rh%irmi or as dn dlrprna:ive III l’ATB whern morr? performance is required

wirhour d I.+rqe Int.rpdse in %enSlrlViCy.

4

I?fforrs havt! hew! roncenrrar-d on

prrxlucinq ?lTKI and In tr!rr Inq rhp p-rfrrrman[”e and st~nSitiViry rrf NTO .inrt N’

Formuldri(m=. Tm hundred pnunds of NT(Y havr been prrxiucr?d and snmr? per.

Formanre and .;ensirlviry data hav~ hem nbrdinpd. work 1s heinq done tL~

dnrermine rh- dl~m-r~r r,fte,”t for larqt! cry:~tal size NTO. Aridirirmai work

is h-inq done r,> imprrrv* rh~ small rharq~ fliamet-r performance of NT’O by

dddinq !Imali mnounrri (jt It[lx .II hy t.hanqtnq the ,-rystai size dnd/or 1.rystal

h~blr (It rhe NT(7.

NTn IJIIMIII(.I Itm hwlrm lIy pr(!dm Ilul 11111 lrll~t

mrdlisrr, 1,),4 rrlnzole ‘I fm [’R)). ‘III I. I mrtdr

IIY rt..l..t llIq .l,.M~(.,ll l)fl~l,lt. III. I WI I tI 1)111 I,)r ml,.

.11”111 .I1 qll 111 111[)”(’. NMH nr!ltllr.,, lIy 111111 (JII 1

hnvr nlwnin thdl lh~ rl,.wl I,m III ‘1’r~ l.’ t.!i,lt~rlr 1,1, Iy

( cmrplr~l- WIPII Ill@ Ilf.1 ,lCIX II VI II IIt lt~rl ,.1 III ICI .Ill,l

Itwl- 1:! nil ~lmmfl f(, r Pxlt.lltlt’d I I-,u I 11111 ! Ilnl-, i. I I

WiI~ ,IIWI d-t -rmlrwvl I h.ct Wm’ 11(.1 II. 111’IuIIV1 l,,

I(mqllrln 1110 10,11. I I,irl ,IIMI I 11,11 ..~.mli ,Ir 11,1.. IIIV

,Ilf,llr Wltll,llll lb 111’1 ,11.1 lllli .:-1 ,1, w,l :,,,! Ill,,

II IIIW I 11111 I llvulrr~ II) I,, rm v). ‘l’,) 1,,,1! II I,l!lilllr

I 1.!11 11,1.1 111.1.11WI .111.,1 Ill! Ii! ,1 Ill .1!11 Ir,,ll ,.F wlltl

rornvfirwJ product wt?lqhr nf 16.6.?

yll.111.

kq at .I /“1.N%

NTrl rl~,i,.r irnl yipld hdH dvPr.31Jlwi /11% Whl’rl .1

mlxtlir~ IIF nlrrlr and wlt’uri(: dr-ld l:+ UWII rf)

rllrr~tp 11). me hlqhnsr ylni(i (R’1.’I\) w,I::

(]htainvd ‘when rhe ,Icid mixture was t Ir!it ,111111111

It) tht? rvt+cror .ir,l hrouqht rn (10 “IO-C. Th@ ,11” 111

MiJI1llrC (.llntainq (In ~%/]% rar 1(> lJf rlltr~(. l!)
~ll]fllrl~ ~(.t~ (rhp IIltrt[- ~(.t~ (.(,rl(.(snt~,lrl,)rl

uwd IS Vlll whilo tho !ullfurlc .II.111 1:; ‘III%). “1’ )

was rhon CNJrJrwi %II”wIY, .ittor rhr 111.111 rl~.u.hl,il

rodrriiwr r~mpmrat~lr~.

tlm) wtI!I prrMhJt.*d III 1, kq 1~~11.hI,!i wlIh I

I 1)1 ,11 It.t. rysrirlllzvd prtnhlc.1 Inrl III 4“1.1 k,l

(1(14.’1 11’). Th[,.w 1% kq t),ll!.tv,:+ tl,lVII 111’~1, t,t,,,ll

~,r,xlll,.olj tulr h~vp ru>t Iw!t.n rwry%rnlllzr, l.

rllml(.ttll)flil,.l xtIIdl I.!i twvw Iwvrl dIIII~* 1111

lM!ti\ NTI)4 .11111 Ihm Iulr.11111.l 11)11 Illrvrmmllcltf. ‘111.’1

H-!llllt,l (1 I thr Ir!{ls Illdll.rllr 111.11 IIVIIII,,I N’ri)

Iir.r I’r I I)ro:lrrlt IV IIWPIIIU [If ,11.IIIP II Ix II. lly, ,Iklll

l(rlt.111,~11, ,ikltl .im!ill I.!,lt Ilm, ,lrld IIyrI Ilr II.:

I 11111. Irl 1 ,1(.! , !h- ,IIVI II, ,Iral 1.11 ‘III f,lr lMItl I

NTI) 111(1 1?) 1!1 qlr%llrl 111,111 II ,1/kq Ill 1.11!1 !11111

mlt. o, whl I h I! I r.tml:lltlf.rv(l ~nlly ml lIlly III lIIIt I,, K

1!’ Ill Illllh .,l!..l” 1(!!!.

‘:.llollll.11 .Ilillllllly ,Ill!l ,. VII.111 Ivlly II,,il.1 ‘..’,,1,,

II! ,111, .,! 141,1 Alium,!l III ,1111111 III ,IlqIly lFIr .1

11, II, T. .sllllq, lllq ll!l/ilrll Ill,i.!ll 11.11 Irlll. h



{:h.lpman , Paper N1lmbL.r lbo

heating tt!st was conducterl [or 4H hour,, At “/5”[:
and produced no evilience of ticcrnnposltion t>r dj5-

coloration. TWO iqnirion anrt un(-ontinr(i burns
,~ert? rtone with a single samp~e 2 x 2 x ? in. ,!nfi

,mother wds (ion,! with four !;arnples enrl 10 I.11,1.

There was no detonation and burn rimes exL.I?erlt=rj

300 Secor!ds. Impact sensitivity for larqe parti

clP-siza NTO is much lr?ss than RI))( and n~ar tht,
height l{mirs ot th~ I.OS Al~mos drop weiqht impact

machine. The :+ll,)ck sensitlv!ty w,I:; resrrrt hy i

confined yap test dnrf r~!=,ult.s Iwere rom[~drahll, t,)

PBX 95(]2 in the same tesr.. A sdmple ,)t t,l]lk !J,I,()

was rietonated with a numh?r 6 blas*inq (’,Ip.

Has-d upnn the results (If thpse tt. sts, !d’t’(1

firs the crireria for d (:lass A Pxplo!;lvo. N’S()

has nor received a permanent I).(>.’r. (.ldssit:r(ltioll
at rhis rime.

HIG14-5PEE[IW (-I!lNIN(; ‘rri!iT

PUrr?, prcs!wd NTO an(i NT() cdsr wl!h >(1 WI% TNT

havr undr=rgone hi,~h spPed ma(’hinint] Ip!ir?. Thp
r;r.andard rt.sr is I,r=rt’nrmmt by ,Irllllnr, 4U

0.250- in, diam h{)les Irlto ,in exploslvt! ,.tldrye.

‘l’he dril 1 !Ip@Fti 1s ~2h0 141JM ,ml the pfm,ml rdritm
rnte 15 ().025 in. p,!r r,-volul Ion. !JT() i :i ‘;[)1 IJI) II!

ill W.+rer .Ind Wds, Ihrretor’f?, ma[.hint![l dry. Ibrh
s.+mples [tr (M_Iu(.I!(l ru) r(,dcl lnn 11111lnl~ ! v!;! ir),] .irlr!
were dpprovfwt t or rf:mof e (wrr rol fiIdc,)Ilrilnl~ {~i>(.r<t

t ion:, .

NN3 PWiF(WMAN(:E

NT() [“YI, l!JIJF:K TWiT!;

(“ONPINF .1) N’11) IJI.A’1’E l)KF/T/ll El’l)NNrl[lN Vlil,l N’1 ‘1’1K!i

!;rur,al 111,11r. 111.111 11.,,1 ,; WI*I 1, Ir,,l[lf, ,Wlltl

FXPI(U!IVP.! ot k!v~wr] l,t,rl~)rm,illi P I(1 I Iy 111(1 [,11 I

Ilr,ll,, ,1 t(wll it)f,(! 111,11 P ,Iorll If.,:! ‘1’111, Pxllll),; lvo, i

.“.F rr llml Irw-(1 Irl VI, I W-111111. !![) ,:1 PI. I ;. !,,,. I.+1 I II ,Ir!

Irlllrt ,11.tmrl~r 111,1111I llP, I Ill ,1, , ,. 1,1 I ‘1/H Ir).
~)1,..$.{,.,1 , Ildl 4),..4 NT(I W.IV al.*11 I v.., II.II III I III. ,;,lmt,

m,lr)r!t.r t () IIr,l t,l mlrll, I t i.t>rll Itlt,mrrll WIIIIIIl I 11,.\ll8Iv,,

I I -t ~,t,r I (lrm,irlU r, Ill ,,mall 1,.1 tllvmlrl,,l ,i. ‘[’11!, Ilr I, I Iml

rlrll y mt,et,!l)rf.,l VVIIII, I I It--l ,Irr. .,lll,wrl Irl ‘T.1111,. I

all)ll,l WI I II I .11( llllll/,(! V.llllr . . . All,llr 1,,1},11 11, -{1 ,i

wrr. t. 11.IIIr. WI I II NT() III o.;,;i.(1 I f, ,1 /S ‘1’MII i). ll!l

,Il,,nl) 1,} ),,>1)1 I cull IJI1.,! ,Irul l)r), ,11)1 II)PLI m8B,lIS., l,,)
u ,Mni,,,l I.I,MI ‘!’IIP ,l~.r,lrl,ll l,)r} !/,.1!!! It 1,, ,; ,,, ,.

,IIII,IIIIIS II Iflm IIIo;!wII,, II 1, 1,111,, If! ,lll. IH I ,.41rtl
I 11P ill{ ..tlr I,lt v. ,IIII! ,Irv l,~r ,,8 r,,f.1111,,1 1,1Ily ‘I’llf,, %l,

II, VI III ,1 1111111.I II. rtl.11 I 111.1 1, i,. I olir: f.* v.I l.llf.! I

present in NT(I tirl’ri in 15~H. in. IIt,]m .,t hi,lll
d*m5i r tes.

ThB1.E 1. l)t!HIWtl~NCE lIWXJ 1,50N3

llefl~ i [y 19/ LT3q

1.’41 (loot Tm)
1.871 (9”N m)
1.871 (Ym -i-WI

1.05> (~b.lt T~)
1.R25 (94. b\ TfUl)
I. BOO (91. J\ I?U))

N~-~A~LQRtl DIAME’IWR ANI) l)IAMtiTER EFFK[:’I’.-. .———— —___ ,_ —..- .._. -——

Kxpt!rimenrs wr!rp pert’ormed by Ray Krt,jelkel’ I(I
rt(lrermirle didmerer (!t’fcrts dnd FJi I.urr ,Ildrnt.:t.r
(>I lcirlJF (“rystal size NT() (Hlenrl H“) l(l). ‘l’hf.

flrsr NTO ch,irqf!s were pre~!if?d I.() 1. HI>13 1]/ (1:11

( 1)6 .8% ‘l’Ml)) dnd m,lch lried down ro .,() nmr II ldm. t,

161!IM didm rdrc !itli.k was fired dnd propdr!,itf,[l It

FI.1”/(11/ 0.001 krnl!i. A second rale stirk WCIS
I irr?rl thdr In(:llidcd lhrev dlft’erenr iiidm,-tp,.!i;

:12.’), )H.9, dnd ,?5. 15 IImI. A Ihlrri rdr(! sli~.k WAS
!i{:r up wi[.h 25.4, 1~1.1, dnd I(I . 1 MM di,imel or NT()

t’harqrs ,]rr,lnqerl t’rum ldrqe I() :;mal 1 d lt~mot or 1“(>1
It)wl IIq thl. h(,ostor.” ‘l’hi:+ till lI~rt Irl t hf. /’1 .4 mm
II Idmett.r ;;j.[.r Ion.

li,llP !; I it’k!i ,lr~ rlt)rm,illy 111iI 1,111.11 II!; II III .tr)

RI> I ,ll,l~m,jll>r wllh d 1/,? Irl. (Il,im I,y 1/.’ ill,

hl, Jtl I’l!x ‘)4(1/ Il,M)!itl.r pt. llcr. ‘loll I !9 11,,()’,1,,1

I)f!l If.1 rtlt.rl Inlt 1,11(*3 a II}IX 94!)4 (,llar,ll, 111,11 1,;

At IPli!.r ,1+ I(,rqr In dl,tmvr(. r d!i fhe lar IIO,jf ,11*K:I
ls! +-1’ I t-!il (’hdrqc. A l!Nlt It) NT() r.llo .;1 I{k ,w,I!;
,l:,!;~!ml)lv(l WI t h an N’r(J (hat lpi ii) . )h mln II idnl, Il!:lrl,l

,! 1,, )():;!t.r (r)ll:;l !;1 Ir)(l (J( *I 11// III ,111- W}IVP 11.11,,
If)l lIIwr.{1 I>y ,1 l). /’, Irl. I Illtk I,y .) II. 111,111:

l~llX ‘14i)4 t,tl,irtjr. ‘1’hl:i r,lrl, ‘,! 1(’k Ilr!,l,,l,j,lt!.il 11 :.
PI1l I if. Iorl, jl h wIIII ,1 .,l,., IIly UI.l,MI !y. 111.11111,1[ I#?Il

vPl, )#. \ I y 11.,11111 :{ SIr’r. ,Ill[u+rl III ‘r,l:,l o ). ,:,l,,. !,,,

lI,,illll ,; lrl(ll(lllv lhI* I ill Illlr= 11111111111~.r III ICI IIIIS
,.ry.; l,ll ,i171S N’1’1) ,11 Illl; i tl,. rl!il I y 1,+ 111..11 (,rll. illt II

:1,~(),:11I N[)KR l,’(]RMlll. A’I’l(l N!i

N’[’rjll,!rulvl ft, tmlll,)l It)rlrr Ill ‘1’)/’, wr% I ~nt, f.rlr r ,1
* t,>!),. w, r t- l#.,, ldl,l Irl ‘, c1 ,:lllt Iy 11.111II ,,1 .,,.,;

III ,Irrl. rmlr)r, c(,mlj.11 1111 I Ily 111,11)11. 1111!111,1 ,1!111,

1111. l;l’I’ 0(,1, VI II III A. K,, l F }{(11), 11,,1.11111, .IIIII

KI .111111 1; wf, ro f.vltliii]lt.ll l,,! 1,.,,; :,lltlt. I,ir\,l,.1 .,

)11)111, ,,1 I Itt, N’I’11/11111(14,1 I .Iml)lrllll 11111,, ..l II IwI.11 I*UI

,11,11,1, III lll,,mll~rtl 1111I Ily. All !!1 111,1 I,lrl,l,,l

1,1111111,’1.11 II II II NIIII, II Il,rl Illllr w,l,i Ii I,,; !lllll .1, I

,.(.rl.,11 I,JI, t 11,111 rtl~. I,lirr. NT(I, I.:, llyl 11 ,,r.rl ,. ,,,s.l,.

, I!,,,.,,rl S,$II,I ‘I$v ,I,; ,1 .,, iv,, r)r 111,, ,111,,1, II 1,1, !!llll 1.!1

1 11..il.. l .bl I 1,1, I :,NI 1,,.rwt,,,ll I III, 1111111111 ,111.I I II,.
!. XI II I!. ,1 V,. 111.,1111,io, tl”l’11 1,> ,,illlllllf. 11, 111~1 : ,1, I ,

!1 ,,, II ILII, .,1 $1,1,11,,!! 1111 1! ,1, .,1 ‘s’,”!, w,!,. 11.,.01 , ,1,!.

.111 1.,1 111,.11,,111 ,*I :IIIIIS ,ti.ll,,r 11l’,, ,dl,. ,,,i,,.ml
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TABL.!! 2.

Uiameter

_Q!K!!KL

36.00

32.51

2EI.9L

25..15

2’).40
)5.76

Cl, ,pman,

NTO ❑[.l?Nl) R7 10 [)ET[)NAT1(>N VF:l.(KITY

Lh?t.Vl?l. Uensity
(km/s) ( I<l:lrrl ).

8.176 +/0.001 1.068

8.160 +/-0.001 1 .8’)0

H. 159 +/-0.004 I .869

r3.144 +/ U.ool 1 .Hh”l

Failed I .8(18

.9.142 +/ 0.005 1 .H70

wirh rhe l,icquer [O provide intimar,e corlra~.r ,inrl

wett~nq IOf th? NT(I Cry!itals before th~ waLr+r wds

adder!. Based upon hiqh f.)lnder rien!.ity arlrl the
hlqher hulk dr?nsitie~ nhtd~mrl in the Inilldl
!rq sc,ile wrk, four t)lnders werr chrrs~rr tor

scale up to 50-q batr.hes. Krdrrrn (; did nt-rr
produce an a[,c’eptahle Folmulatlen. qs wds tound
in th.? ~ q scale hdtches, FP(: 461 prrwlu[.ed !hr?
h~st aqqlomerate5 with J I>ulk rlenslty of

0.7 U.”15 q/cm3. IJased L!{Ion small scdlr+ r~sults,
FPC 461 wd!i used 10 mdke d mnc kil,x]r,im I)dtf.h (It

X fJ419.J* by the watrr slurry m(!thrwl.

l’,qpr.r Ntlmbrr Io(l

NTO/TN’r (’A!iTIN(; !$

x 04FIV”= ,d,1 .q (.a!il In tmP 4 In. {n, urr x
b in. hlqh (-fllndrr ,ln(l in f.lqhl I ‘1/H In. rllrwn x
4 in. hiqh t.yllndcrs. Al I I h(, i.hdrqe:; w(.r(, ra[llo

qr~pt led Jrl(l !;IN)wPI1 mllllm, il !ihrlrlk,+(lv ,11111 I]lllihlt, !i.

Vacuum was rl(Jt dppl 11.11 t II tllv nlpl t IJIII I hI, I,, IT;I
!nqr+ w~!re (.(wIIoII l’I, mr Ihr! I,orlt)m ltj Ill,, 1(111. A

,.a:fr Inq sdmplr? w~!t r.~k.-r1 IIJI’ !Il!,,’mdl :itillll llry And
Impact ncnn! r Iv I ty r o~t lrl!l AII(I ,1 rI.lc, I:, II hll~ hv~rl

I%wIM for rhi~ 1],11(.h, Tht. 4 lrl. (Ilarn x S lrl.

hl(jtl t.yl!rldr; Wd?+ !l?IP(I ((>1 ,1 hIIlll ,lpol.11 M(ll.hlnlllq

tt=qr. Alrrr rhn marrr’l,il P.+:LsM lho m,l,lllnlrlq
rf.~r , I tlr. ,,8:41 Inq r inrr s WI. I 0 t r.m,w~,(l Ilkhn Itlr

I ‘Ilil In. utll~rqr.n, whl(. h wrrll lhI.11 I lIIvl III d I Irmbl

Ilar lt~n pl,ltr dt~rlt/r’,lrv *;I Ilk 10 il~[r.rm\rlts It),, IBOI
I(,lmflrl(.u ,,1 Ille X (1489. Thlt rI, IIIl r !i ,irf. ,Illfwll 111

Tahlr 1, .Il(mq wllh ,1 I, Iltu Ili IIIwl 1,111 1(11111,11111. 1111

l’l{Hlfo14MAN(’K OF X

1)-11?!1 I y 111 rl:ilirf-

(q/,ml) (khr)

1,11) )40

1./1/ ,’41

I .1:1) .’4,’
1./;[) :41,

“ M 114111 ‘11,/8, WI% N.11>,1.lv 4f, l
●“X ,,4 ,1!, ‘, [1/ 1,11 ,Wl \ NT(l/lw,l,

(1411’4 I’A:; TINIF’;

Ilr. f VPI

(km/,,)

IDI ,Il!r SI
),>,,1, 1/ 11,1111

/ , ,,,,,, I / 11,111111

I 0,1,

NT() RF;CRY!;TAL[.17,ATION

JNiT4C)lNJCTTC)&

Normally NT(I is recrystallized from hot wafer

~fter lrlirial prorfuctlon trr rf,move f,ntl-irpped

nitric dcirl. A mean pdrticle size (IF f?’,rl

microns, shown In Flqure 1, 15 (lhtdirrvrl by the

rmrmal rwrystallizdt.ion nl~rh(xt of coollnq rh~!
t.ntire vessel and t.ontonl -i Frnm 90 to 5“(” over d

3[1 minute pf.r~r)d. A smal lr?r l,arriclo sizt! was

desired for PHX [ormul,itinnn work ~nd to
,Ietormirre the (.ft’ect of smaller pdrri(’l(,s tm
[~nrfrrrmance, sensitivity, and Fdl]ure ,li,~melpr.

Preliminary results indicar.~ that impat.t ser,sil iv

try dnd pt=rformance rfa chdnqc with l)artirl(./
(’rystal size distrihutirm.

IJII:IIRI! 1. N’rl) HI! I’NY’:’I’A I, I,17!I!I) !; IJ)WI,Y 1,’R[)M Wh’rl(ll

NT() HII:I’RY’;’Yhl .l,l Zh’I’l I)N I’vu)m wnww

W(,lk WCI!I (Iiv!!. It, loilll(.t, N’1’1, 1),11I 1(,1,, ,. 1;,, I,y

l,r.l,~h I,rl.(.ll,lt,ll 11111 .I ..rIt III ,It VII tJTr]/w, !t ol ,,0111

t I,]r) ,11 ‘I I”(’ 1111(1 11’1. ,d,lll.1 ‘1’11!. ml,ll Ifl,j 1, I.

m,lllll ,11111~[1 I Ill. ;fvly,; lrllll/,lll 1,11 I t.m~,r,l ,11111I.
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LIh,lp man , P,lpt.r !4uml, or

density at 1.855 Q/cm3. These r~sulrs Show rhat

srnalier parclclt! sizes ran improve !JTO per farrcdn.. e

in small diameters and miqht perform CL,)SP r,> HKW

predictions at hiqher dens!tles in larqer ,Iiam

ters.
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Fl(;LrliE 5. t:tlAIWE [)1+.N51TY (q/(. m3)

!J’JY)\141)X/tJ!NIWR F’1)1/MIJl.ATl(lN!;

PHXS !JSin(] mixrurf,5 *,I NT(J dru~ RIIX drt? !)elnq

prepared In dn artornpt ra rrwluc’e ,he tdillJre

,iiametrr It !:’ro tormrlat inns. ‘Th~ Idi lur~
,iidlnt=rer ds d tllrrl ion ,.,t KIIX ~-onr~r!! will tw

lnvpsriq.dteri, F13XS \‘,lntdinlnq hnth NT() arlrl RI)X

,,.’@r@ !iuc(, +.+sful 1 y :naflti ,wi rh .1(x, (1 aqqltompr,irr, !; izf,

,inti .itrenqth. 7MpdC-r :;t,nstr+vlry drid rhprmdl
,indly SiS (!drd f(]r thesf, PF!XS indicate there i,i riu

incnmpat:biliry h~trd~rn N’I’Cl, U[))( , and r he:;e

hinders.
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liltl.’k:NKN[’J-:!i

.’hip!.ri, (;. 1., Hokalrier, R. P., ~nd !;r lsht.~rl.
v. YI1.. ‘1,.!,4 Triazol 1 one and It’,; Vitro

.Lrul Arrirl,) IIPrIVdt lVlJS,- Kh IY-: (;or.erg, ,:!)P’I . ,

V(I1 . /, No. 1, PP. 110. lb6, lqbb. -

lilt., K. Y., dnd (“oburn, M. D., I !illrl)

1,,? 4 trldzo15 onc-L ......—— ---—..-
Kx~lJlsivPL I.OS Aldmos

H1.port Nn. l,A 10III,? M!;,

IItl, l). r;. , I,os Alamos
I ,ltlh , IJr)pu!)list]nd tiara.

Less !},r_D~ir iy(,,.—-— ..—
Ndtional l.,lh~]rlil (~ry

Pt!bruflry, i9R5.

NarlrM1al l.~horar[~ry,

[,,>rl,l,,n, ,r. E., ‘;mlrh, l). M., A ~~o~.lr~logicql
:;1 lll!y !11 NT(1, I.II!; Al,imo!; Ndl iundl I.cihot’dl(lry

W1. pl[ r N<). I.A 111’~11 M:;, !: I.p I ~.mhr-r , 19H5.

I t,nd41n. .I. K., A ‘rollf:().lf)qi.r(~l!;llldy ,)t

I f/14 T~kJz[~lf! 1, IWr!i, 1.(, s Alam(]!i NIII Iorl,ll
l,tll]tjr,)l~]ry, Kt,[,f>l I Ntj. !.A I 14(-Jl M!;, I) fml’,.mtwr,

I’)HII.
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I ,)ry, I)a,tt.mllor , I’IHH, IIrll.111)1 t :;h~,(i r I,[,(]r I


