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lleci-1f)• on l>.t . . 'IJ, 111111. 

An Overview of Current Antisateilite Programs (U)* 
,lAc1t H. K.,usH 

lmtit11tt fo· IJt.'"~' .-tnaly11ts, .:rlingwn, \ ·a. 

<Rtl<'.cin.._l J\by 2, 1978) 

~ Thr cun"t'nl t>ffort.• or th1• t:nilNI ~ta"'" in ,lrv1•h,pin1t • · antiM~lllw , wwn, w,•n• 
n•vit••·r<t 11n,t an• sun,n111ri1wd in thi~ 11•1"''· Thi· f11rt""' th11t 11n• hn))<•rtllnl 111 1°h(, ,1 .. v,•l,111-
1111•nl 11f a kin,•llc mwr1iy kill •~·""°"' '"""' i,t,•ntifit'<t 11ml llw • l'r:• ,lrt.•rmln1~I t" hr ~r:t1'·al 
IAAUi'!I. Thrl'(' 11r,· tat~•• li~t. ,,,hit 1h·lt•rmi1111tiun, •y~lt•m n •11cti,,11 linw, 1111"" ,li,1111111'. ,m,t 
kill rrih'rin. E11rl~· 11t•rntit1n h• th,.,.r lndivhlulll prohl,•m• r<111l.t rothtl't' th,• r,11<11t111t !ht• risk 
11f 1m1po~,.,t H"t,•11111. 1'ht• ~~·11t,,m11 ht•inll c-t1111A•tnpltlll'<I that 11t1t• h11lh~nt•tll,\' lf\l<t•r,< "" t h,• 
kill , .. wic-t• •"' diN'u-.1 in th1• li1tht "' rurn•111 111111 11,·1tr•l.t>t111 lt-rh1wlu1ts l,•v,•I,,. l'ht• th;,-.• 
hl<'llltntt~ 11f ~11rh ~y~t.1'11111-l!roun,I-La. .. -.l, l\itt'r11ft.l,,,~111•, and ~1>1tet•-ha,..,,t. al\• r,,111p1trt•,I, 
and thl' l\llril>llt~ p,'Cu\lar to ,•ach arr ith-11tlll1'1l. 

I. BACKUROUND 

~ 1'hl' Spttre Dt>f<>ns~ Proir!'llm ha.-; 110·., · 1,<·hirvrd 
a i-'r0ttratnmatir :.tability ttnd 1s 1•x1)('('t~I to 
11rort-NI i .1 11n ol\lt1rl) manner throu~h 1lev.-lop
mt-11t, fliirht t11.-;I , 111 -I 1h1ploymt>nl. t--ptt<'t' 0.-fenst' 
i:. thf' und1t.""itit'II t1tlr as.-;i~1t'II to "II ll .:--. ant1-
--atf'llitt' (As.n) etforls. ThMe ftrfl no rnrl'('nt or 
plRnn"<I pl'Oj.trams to dtfnuf ,-pa1·t' a."-.rts. lt is 
flXpN-tCll, howt'ver, thlll tf AsA.T IK"1·01111•-. 11 :.11bjN·I 
for ~ALT llt'!Z:Otiati,,n or wht>n ll nrw AsAT 
ha! ,lwaro 1·011tr•ct ts let, th(I D0111ulmenl of 
Dt'fflnse will 1led11~-.ify th" fftc-t that lhe llnitt'II 
~tllt<-s htts ht-tin l'll~ll.,_'t'II iu \sA.T t\t'llv1tit'l- thoth 
st111h~ ttntl opera I ionlll htlnlw1u't') :.in1·1• l95f\. 

~ Tho 1•11rl)· histo1·y of AsAT s~·stt>m st11di1•s, 
(E'('hnoloir~· ,l1•vt>loJ•ml'11t, lll\ll sJstrm 01M'rtttion is 
"llnlmllrizl'II m Spa<', /.'t_(m,'tf Syslm,, 7'm1I· I , 
Tlistorirol S11m111nry lltporl . ('•) Ot hl'r vohmw:< of 
!hilt :-t'ril\-i (R<-fs. h-11') 1li.-1r11s..; thrt'nl 11:-.-1rssmrnt , 
con1·.-pt1,11l 1let.i1tn, 111111 technol~ a ~'<mt-nl, 

an,I Ref. 111 is I\ s11mm11r~· of the 1hrw. This .;f'ritis 

l'Elpt'\'~nts lht1 vif'w of thr ~Pll<'t' 111111 Mis.-.il1• 
Systems O~nizatton (~AM:--()) of th<- Air Fon.·,• 

~yslmns ('omnumd (AFS('). It i"' ont' of thr :'.-w 
:<11<'<'(':-.,fnl t 1"1\llll""ts of t hr ron-,plrx .\t1A1' 

111·oblt'm. 

~ Jt~i~ut'\' I wa., ft't't•l~ utl•plt'II h"m lwf. It' to 
,;how thl' ml,.rrd11t1011sl,111l' ,n both 1,l,,11s 1u1tl 
rnnrepts 111110111:, 11 1111111ht•r of proi,-11t1h thl\t hnv;, 

nmtrih11tt'II to thl' )..'f'lll'r11lly known A"·'" pro
~r:11ns. Th,• An· l<'on·<- op111wd thsr11s.s1011 on AsA 1· 

\\,th ~H- 14:t 111 1956. followin~ it with :--lt-· IS7 
111111 A lh )--40-- llll :<I 11,I~· p111..,'l'11mi< l n tlw n11•1111-
1 mw, tlw l'-11,·y sp,msol'1'.I 1-:.ar111 S11ri11u, thr 
'.'111,-~·•s fin-it 11r,l oni_\' f1or11y mt11 lhl' AsAT l\n'llll . 

\\"hilt• thi-. p1'1.•i:nm, w11, onl~· m0tlt'stl~· f11111l1•,I 
(1500.000), 11 j._ oftt-n M'm1•ml1t•N>1I ft., tht• s('('d 
from whid1 11111n~- of tlw r11n,,11t ,·mwrpts h11 ,.,. 
s\lrtlllJJ:. ~11hst-11ur11t to 1':.Cirly 8J1ri1,y, thf' N11v~· 

h11s m1111't11in•'II 1111lv II low-11'\'l'l mtN,'SI 111 A:-AT, 
pr111111r1l~· thro111!h t;1,11n11rlr11r w11rh1•11d lllltl h~·111·r
,·,•l,wilJ impttrl t.•st in.: 111 thr ~ ft\' ttl l°{r:,t'ttrt'h 
L11h'lr11tory. 

~ Thi' lwo !'!Tort,:, AD0-·40 1111tl I-Arly 811ri11!/, 
~11v1• risr to t hn'l1 ,list m .-t ly ,hlfrn•nt 1tppr<'tu•l11-,. 

to lht' .\:-AT pmhll'm: \/) 11 l11ri,,--:·11'l1l 1111rl1•u 

•(!') Thi~ 'll'11tk WM tlnlll' ,t11rin1t lll7li j7 for th1· A!<>·t•t1111t llln'<'t .. r, : )rf1•n~iw :-ly~tl'lll•, 01 )I )Hott-:. llurinll lh,, 1•lfort 
t hl' 1111\hnr 11·111ilnl rln,••t•ly 11·lth th,• A,r St11ff. thr ~pttl't 1t11cl ~t;,._.,,,. :;p lt•m• tl1,:1m,ralt1•n, th,• A,-rt-..pA<'<' <""'1k1t11tlun, 
thr Vo1111ht (\,rpor1lli1>11, tlrnPral ll~·n11ruir• l'1•11wn11, 11n.t th,, l"'fr""'' l11t.-l!1fl''III'\' .-\r-nr~· Thr "'''" 11't'<•TINI h,•rr 
uilt1 • 111h·an~1l" ,,r th,, r••Pt'\'I''"• 11t11.ti, .. , ""'' 11111tl~-- 11lr,•11, I~· ,h•,·1•l"l""t h,· th.•111. Th ,11thnr at-.., 'll·i•h,-,. tt• ark'l11.-lnl~ 
\hr altlt• 1111."i~IAnt't' ,,r \)r. R ,,, ·•ink1•, 'll·hu '!I'll~ i11,·11luablr 1hm11~tll\\ll the ~ .. k . 
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Fi((lln• l. (l,•n,•Aln~,· of miniatun•, 
C'c>nnnti,,nlll, 1U11I h111h-<' lll'fll'' IA."'l'r 

,\1'.,T i)'~h•1us. \Fi((lln• da.~ficd 
~ I I 

\\'t'llflOII 111111 11 point-m-splll'!' intrn·t•pl, ror rx-
1111111IC', Prot.'Tam 4:17; (t) 11 homm~ 1mi1l<'d, l111'J,.'l' 
inte>rt't>pt.,r with 11 11onn11rll'llr fr11J!l1ll'III l\'t1thr11d, 
for r~11mplr, ~nm1 922 ; an,1 (S) 11 111mi11turr 
homml{ mtrl't'rptor ""!Ill,! thr hod~· lor kill (thr 
ont'~)'t>tl 1,.'l1!tlil'), for r~11m11lr, 1hr Ann~· lltT. 

F1~11l"t' I shows tl,t>St• .;rp11r11tt' pnth" . • 111d thr_\' u,, 
,lisrus..;r,I in moN' dC'tiul 1111'.'r. 

~ ( 'mu·•irrently will, /<:arty Spri11v, thr Air J:t'om· 
undrrt.oolc 1111 11mhiti,ms Ptfort tmrnrd II s,11t•lhtr 
intrrr1•pl11111 1111,I 111,;11e<·1to11 sy,;tt'm ,s ."~1') (h-1'1' 
11 !"' od of 5 ,\'t'llf" 1111,I 1mclpr th,,~ pm~r11m 111111H'! , 
sonw J60 mil11on wen.• spent. Altho11J?h tht• pnl).'T:tm 
was :1•n11in11tr.l 111 l"62, tht' Ph11"<' 0 ,-.tud~· l"t'"11lt:< 

wrn> not fomu,11-'· pnhhshr.l 1111111 l~i4 ., ·r:u• 
rr11so11,; I,!! 1 rn for l<'rmin11t 1011 i111·lucl1'II 1Ht·k of 
,lt•vrlorml'n! or thr Jlrt'1hrtt'1l ~IV11'1 1hn•111, 
lliffirulti"" in dr\'rlopi11,: thl' tedmnlo,:ir,; tht11tf,.'.hl 
nrr-1•,..,--a~· to implrmrnt tht> ,y,;ll'lll. 1111,I ro"t 
11nrerl11m11,-,. I\S."l>C'i11INI with ,l<'\'t'lopmrnl, d<'
ployntPnt, 111od s_\':<lrm Olll'rRI 111n. Thi• rm1r1•pt of 
1•0:11hint'll 1 1sp", 11011 11111! nr,:11111111 h11,; 1wvrr l)('{'n 
n•v1,·r1l. 11111! with 1\w 111IVl'lll of ,11p}11,;t11·11lt1l 
,.part\ ohj('(•I i1lt'l1t1fi<'11ho11 (:-lot) h'<'hniqurs, ti, j,_ 

11nlik<'I~· 1h111 i: "'·rr will . 

~ Th<' Arnn·, i11 rr.:-1,1111St> lo wh11t · w11, thr11 
ron..;i,lrl'1'41 ut 11q,,11t llt'1'<1. ,lr,·pfop<'1l 111111 ,1t,. 
1•loyrd in 19fi:l th<' fir:;t opt>r11ti"n11I lT.S. A,-uT 
rnpahilit_\· with Prof,?T'ftlll 5(1!i It. r1111:<i:-tt'1I ,,f 11 

<m~lr ·:itr 111 n.ll·11j11l1•h Atotl ii, tht• P11ritir , rn:m 
whirh II moditiecl l\'ih- lrn,t mi,:silr w11,- l1111nd11•1l 
in 11 ,lin>rl-11:-1·1•111. romm11n.l-,:11itlrd I r11j1 l'lor.r 
to II tot1int in sp111·,•. Thr w11rhr11,I \\'II:< 

nurlrllr. Pn1jlf11m i'l<l5 pn1vi1l1•d lhf' ,-olt \!<.\T 

u11Rhilit_y \Inti! 1964, ~-hl'n thr Air Fon·r Projtt'l\nt 

1"2 JUR 

4:17 llt'1·11mt• oprr11tion11I. Pro!?f!tn1 50.'i 'l\"11~ 1lrr11m
mi,.,,,iont'1I in 1966. Thr Lot11l 1·0~1 of tlw Ann_\· 
11ffo,1 W"'-" 11pp111xim11tt>l_\' $11 million. l lntil 
l"('rrntl.,·, lhrn- hll-,; bttn 1111 intf'rr,;I on !hf' p11rt of 
tht> Anu~ in II rt'tum tv th~ AMAT 11n.•11tl. Thr 
B11lli~1 ir ~ lis:-ilt' 01'!1.'n,;t> A,I nmrrtl 'l'rrhnolt~· 
<'~nlt>r (IJ~I DATt ') now htt,. 11 pn•1in1111 • rxploril'·• 
thn t1•t·lmi11m•s or intrrt'f'Jlling II l'l'f'Ot~· \'t'hi • 

durinj!' thr micl,·ourst' tKll'tion of i1s tr&Jt'<'tor_,. 

1nt>11r 11po..,1'('(1). Ai>.n j,. 11 1111t11r11l suhst't 11f this 
rroblt>nt, 111111 II~ ,;urlr, it IS hrinj!' l'Xllllli1wtl. 

~ P11t11llrl in t inw t,, I ht> :--,\IST pr11J,?T'11m '\\'IL" 

11noth1•r pMp-llm ,.pon"<1rt>d hy tlu• Air For<'I', 
1hr 11fon-mt>ntiont>tl Prnj!'l'llhl 4:17. An 011ti,.'Tt1wth 
.. r ti,r S('\'t'ntl t'lll'h' ~11111\' t•fTorts, thi~ )ll'lli!ftUll 
'\lo'<'nt t hronj!'h hot h ~ d,•,·t>iol'nwntlll l Phit"I' I l 111111 
1111 11prr11ti11n11I l'h11st• II) st"tJ\ll'll<'t•. Thr ,-~·~trm 
ronsi,-.trd 1,f 111111rlt•11r w11rlw11,I cll'lin•n-.1 to II p,1int 
111 s111u·1• hy II Thor hoosh•t. Th<' t11r..,"t't Jtt•in1 in 
sp111'<' w11s dt>hnr.1 on t ht• ha,ai,- of :,;l'.\l ETK.,e ... 

d1\111. Ph11S(' I, whirh l11stl'1I s,1111r thn'<• _\'I'll .~. 

1·1111:-listt•tl of clrn•lt•pnwnt 111111 four !lij,!ht !1•,-ts of 
tht• systrm for 1111 i11,·r:-ll lllt'lll of 11h11111 $lii 
million. 

~ In 1%4. 1hr syslt>m w11s flij,!ht tt'Slf'11 h~· 11,1 Air 
fo'on·r rl"l''I\' 111 ,1t,hnst1111 lsl11111I. :--uhsfltlllt'nl In thr 
t~t. l'fOJ!TI'lll 4:!i •·11s cl<'t·llll't•d 11prt11tio1111l 11! 
th11t s'((•. Pf'riodi<' tl"llinini,: 1111d t•\·11l111ltin11 1111111..lw, 
wrrr 1•11111b. tf'II A·ith r,,~11l11r Air Fon-r ,·n•'l\·,-
1 hn111,:h I !li'4 . Wh<'n th,, s.\·,-tt•m "°"" ti1:11II~· ,lr
•·ommis."i·,·•wd III th11t y1•11r. t'1f' 011t>r11ti,,n~I 11s1w1·1 
h11d 1•:..111•n,!t1d 11ho111 1111 million. Thi• f11,·ilit111:-

t,8t:. IH!l1' 
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I\I Johnston J«lam<I wf'r,, r!oi-t>d, hut W<'l't' rn11in• 
taine.l, Ill ll'&.'-1 for II while, in 11 1:1llt1lll'l" th11t •·011hi 

111\ow l't'Rcti,·ation if thl' nt'<'tl 11ri·.-iC'. ':'hi' radlitit•s 
Wt'l't' ultimatoly rloSl'cl clown 11n,I tl,t• ,;~•stl'm ro111-
plt>t.-ly ph11SE>1I Olli. 

,S) lntt'n,st in r'.onni1rle1tr As.\T ha,- 11lwa~·s ht'f'll 
Jll't'~tlt Crom th1• time o( the e11rly ,-tudil'l--, t111.I tlw 
Air fo"ort't' n-,·i\'('(I 11onn11rll'11 r A:1., T t\l'I i,· ;1y 
throuith th<' ADO-- 40 program. Pn11tnu•1 Ml:!, 
Proimim 4:!7Y, 1~m 922, 111111 thr ~(H'ri11I 
D"f"n~" PJ'\~1\111. This""""'" of 1•ro~ms 1,,n th1• 
Sllnlt' c-,mrl'pt "" tht• seminttl 1<:.1rly S1irin91, 
spannin~ 11ir110,-t hi .n•11r,. or t>hl)•~I tinw, cl<'11b 
with II ratlwr 111~• intt•r<'f')'lur, 11 l1nmi111t 1tt1i,l11nr•• 
K)"I\Nt1, ""'' 11 frl\l[Jlll'l\lation Wl\rh,•",I. 1'111' lir.-t 
thl't'l' 11rogr11ms lll\ll\t'il 'l\"l'l't' stu,lil's, 11ml th<' last 
two Wf'l''l' for h1ml•••ro 1lt'1·rlopnlt'nl 1111,I '""'"· 
Th<' lun,lwlll'I' 1l«-1·1'lopmcn1 portion :<JK'III o,·rr 
S:!4 million 1u11I rN1uin-d 1tbout 5!.: _1·1'11r,. to um-
111\'t<'. A :-initlt' fliitht lt'SI 'fi'11~ 1111rmplt>1I 1d11riniz 
thr "-J)('('inl 0,•rrnS(' Pro,rr11111 in 19ill) 1tn,l it 
r11il1>tl. not hl'<'at1,<t• thl' h•rh11olo~~- 1..-iu!-!' 1•wlol"t"<I 
w11s too 11dn11u•('1I, hut !1t·<1111,-t' n lr11k n<'ru"""I 
in I he> ,·111·1111m >-1'111 ,,r ( hr ~n,..or 1•11p. :--t1111<' 
t1'1l?11t1i1.11tion11l t'lt'ml'nt" in 1hr Air F111 ·t• 11,1• thl' 
ProjCrllm !l2".? port ion or t hi' ~ri"" ur ,•!Tort,, II:< rl 
re~ ,111,l)· in i1wffiril'III'). n•s11llii11t lrnm 111is..,i1111 
rl'tlirt•rtion ~n,I prinrit.1· l'l'\'t•r.-111,q'•) Th,• pni .. rr. m 
w11s 111~11 pl1111:11r1l with l'l',..rh"<lnlinl,! 1111.t sto11-w11rk 
otill'l'l', it suffrn'tl II rhnn.,- or mi.-.,ion from A:,n 
to ·"'"· 1111,I it ,u, lir111ll.r r1t11r,•l<>,f 11:s l,('illl,! "" 
Air Forr<' J:l'l•l(r11m in 1111 Ann~· mii-.,ion 11r..•11 . 

~\ Thr ,hint fo,•11s 11( nth'lltiun 1111:- 11<'1'111hr ""'' of 
mini111 lltl' intl'rrl'plt,r,, Wt'il(hin~ 11 fl•1t.· 1<'11" or 
J)lllllltl:<. r11tht'r th,m thl' rrv.- thm1s11n,I,- 11( pn1111,l,
th11t 11ft' 11:;.•,orit1l(':I wit-h tlu• h,,rnini: !?ni,lr,I, 
fr1tt,.'ll't•11tr,l-w11Tlw111I :-:.·ht'llll',... :\lini:llun- i11t.1•r
r,•p101'). ""'""" liNI 1·11n,..i1IN'l•cl in h1tllistir rni,,il,• 
dt>I< ,1~1' 111< 8 rn11111t•r tll i111lisnimin11hlc> il,•ro)·:-. 
Tht' s111111l i11l('n·t'p!<1!'l', "'"i1d1in,: 11 p01111el 11r ,,1. 

wn111cl Ill' 11111nrh('tl h,,· thl' hut>•lni,I~ int,, 11 1hr('nlt•11-
IIII[ rntnmt'. wlwrr th11~ "A'oul,1 I'll~~• 111HI ilt',;t n,~ 
hoth ill'<'n~·~ ,m,I ntt11.-kini;? l'(l('lllry ,·1'1:i,·k~ h.1· 
hod~· imp111·t · I 111' inl1>ITl'f )rs 1t.·011l,I ht• "inl<'l· 
li!Cf'lll -.hl'llpnrl." Support,., 'irst hy DA ftl'A 1111,I 

lh<'n 1,,. AH.\i()A, th,• hn,h ixr<I ""''kl'r wr.<i1111 
homin~ inl<'N't')ltor tt'l'hn;,111~; !lln). ,lf'n•l1111f'cl 
by \'.rn,ht - 11t11,; r11nir,I th,·onj!h rxt1•n)(l\'f' i:rn1111ol 
,ind ,Imp trst1-. A i,.-imhllll'tl ~rinnioi: si•n,-or i111-
11lrmt'nl11t io11 Wft:', l'Olll'l'i\'l'd, ,m,t II 1111mh.-r ,,r 

t(lst., !.11,·1• l~•('n JM'rf•inued by Gr11t'r11I J)yna mil's 
Pomm11, ,,, inwstipu~ tht' Vt\htt• ,111,I 11ppli1•11hilit,· 
11f this <'O:H't'JII. Otlwr l'l'l11h•1I iss:tt•:- lt11,·r IIN'n tilt' 
.,ubjt'i·t,- of !'Kr11llt•I tlllcl s11b),1•1pmt1 1,ni1,.rr11111s, 1u1d 
""hlr nf t ht• rnort' impor!.llnt ,,nl·~ ""' si1<11t.·n in 
Fit,!. I. Thl' Air l<'o!'t'.e·s .\li1tiKl11rr Dr,·t'lopmr111 
Pn~n1111, "" ,, b rttllE'tl totl11y, 111kr,; 1ul\'1U1ltij!'t' 
or th" l>AUl'A, AH.\ID/, 1111,I Air l<'orrt• iitu,lil'., 
111ul l'Xllt>rinw11ts, 11~ Yo'l'II ,,,.. I hi' sc-11,,or l('l'h11ulo1Z,v 
work ,-ponsml'tl b) thl' B.\ll!ATC. 

~ A, soon 11s it (if'nllll<' 11)1(1111'1'111 th•t hii,:h-<'nf''ll?_I' 
111:-t-r.- (111,:i.'s) Yol'r,• 11o~sihlt>, thl' Air F.1rr1• ,-pon
"''"'" 11 sh11I)·, Sata11, ,..,.l'kini,:- ti• <',ploit thr 10:t. 
11,- 1111 AK.\T w1•11p,m. In ,, IKtrr • .\ir Forn• ,-1uil~. 
s,l(J,{•1, lht> ltt.'<t'r 11'111' tho,11h1 .,( II: 1111 AIIM kill 
111f'('h11ni:-m. Th ... SI udil's SJ,tl,~('r / 1111,I s,14.~t'r II . 
sp,111i-oml h.,· l>AHl'A. 1•x1 •lt1r1•d th,• <'KJt1thility 
of K s11"1·1••hKst'il l11~r 11,- 11 :-11tt'llitc- ,lt'f1•11df'r 11n,l 1t 
s11tt•lli1t• 111111d,t1r, rl"i,p<'rtiwly. Othrr DAHl'A
"1'••11-<ort'II w11rk. the> A,h·11r,r,-.I U11,li11tio11 :-\pr.rt• 
!Jt'f1•1h1' Applir11tio11,. l,\H!'<n.,) :--111,I,,· iuul lht• 
1~,111t- H1tlll(\' Op1i1·1tl :-._,stNu,- :-.1uoly (1,110:-i;). 

,·011ti11111'll 1h1· ,-p11,·r l1tsrr A1<.,T ~1,1<li(',-; tlw 
~11111'<' L11st•r Jo:.,pf'riml'nt Ddinit1,111 ,:--.. ,w) 11111p11t•,I 
th,• p11th tu foll,,,.- ti, .1r1t•n11i11<' 1·,p<'rit111•11111II~· 

th1• n1pnhili1y .. r 11 >-Jlllt't' h1."1'r. 

N. Th<' ,·i11h11• .-\i,,\1' p,,,._..,,hiliti,>s, 11., st•t•u to<IK.\', 
(1111 i,11,, thl'l't' rh1 .. ,-sc•s: 

t. Thr rnini111 m,- hfl111i111z 1t•l11rlr. wh1~.,.. kill 
1111•1·h,111is111 i., ,lir'l'rt h1>tly intp11,· 1. 

~•. .\ "c•r11 ,·c•11,iont1I" frRj.!1111'111 ,1 I in11 •Wllrh,•11.! 111-

l <'n-1•pt 01·. v.-hit'h I•~· ildi11itm11 11:st•s 1,,1'·-risk, 
pnn·c>d ll'<'hn11l11!,-') in :1 s11rf'•kill wh1c>lt- lhttt. 
lll't'IIII"<' uf it., " ,·nm·ro~io1111li1.,··• iu hl'11,·~· 

w11rh!'ntl 1111d '<'1t-<11r. 1·. f'\fot•rt.t•,I 1,1 Wl'l/!h 

11h1111t l ,\1011 lh, 111HI 

.~. A l11c:h~·111•ri:._\' !11.~•r ;\,.._,T thKl lntf,!ht 1111 s;,111·,•· 
h11"4•1I hut. ,r rt'<t'tir,-,1 ••11rl~ . 1111d11 11o·,•l1 ht• 
"""1"}'1'11 11111)1 ll hi>.:h llHllllllllill. 

B1•1't1\I~ ·It,• 11t:I . • \ ... .\T ,,. "" for rrom 1'1'11li1.1111,,11 llllli 

'" l'lllt>'ltlc•n•,I :st:11 lit th,• ll.\HI'.\ .-111:,., ,,r ,,.,.h. 
1111h•µ_r 1l,·wlupm1•111 . :I 1, ,!i,.,·11,._-.;-.I ,mly hr1c,II~· 
111 1111~ 1111p1•r. It i·, 1'.\J1t•,·1t•,I, ho11o·,•,·1•r, th~t flltllf\' 

w,,rk will lll'I f('r ,lt•lttll'M11' th,• r1•I,· ,,r 1111' 11•:1. 
:4=~11\st "Jllln' ohJ1'rli- t11'1I lh11t 11llim11tl'ly 1lt,• IU:l 
,1111 n•pl111•1' wh111t•,·11r k111r11,· .. ·11t•r;:} kill ,lrnr,• 
i~. ,l1•\'rk,11t"I. 

\ l'l Th<' 1·11m•11t plan for th1• "l'llrf' 1l<-f1•11;;.• ,•tfnrt 
hy lhl' Air F111'('(' 11•nh•,.,.. 1111 thr ,l('\'1•ltlpll1t'III or II 
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t°ilt',ll'l' 'l . l:.-.•m~try of &\\'ll'I nrhit.al lnwrttµt,.r trAj,•rwry. 
(t'l~N' rl"""4111"I ~l"l'l ; II~•"' capt ion clA.<.~itt,~I 
ti :,fi:;lt a, ll:lisl 

miniatun> inlt'N"f'llhlr; " ~nil\11 11mo11u1 of 111111\l'V 
is f'llllnarkNI for 1·on,·f'n1lon11l-syst1'111 :ilmly and 
1«h1.i>lo~\- 1lf'\'t'lopnlt'nl , aml ~,111(' 11111nt1~· is 
unuarkNI for 11t:1. st111ly At ;1r.•Sf'nl, th«' 1·1111-
n•nti,tnal syslt-111 l-< nins11IN'NI 11111~- "-" 11 h111·k1•p 

for thf' 1111.:iftlllrt' sy:,t.-11: 111111 1111 l,,n~'l'r 11,, 1111 

rarly-<"1111,hihty s~•:,lt'm. 

II. SOVIET ASAT DJ•:SCRIP'l'IO~ 

N Ai:. 11 matt.-r of !,.'t'llt'llll int4'1T1tt and to ~'t'1u•r111t• 
iusi~ht hy U.S. AsAT ,l~l!flrt'!l into S4llllt• of tlll' 
intf'n11·tio1L-1 1u110111,: AsAT i111l~~•:,h•ms II hril'f 
1lf't,.•rij1tio11 of lhl' ~vii'! At<AT syi-tt>m r>:< it ii-
1~1"('.('i,Ni is i11rl111INI hf'rt'. \l11d1 of th1• h11si1• 
infonnatio•1 that folloll1' is from R1-f. :!, ll'hi,·h 
r.an ~ al\a.lirtl for furlhf'r ilrt11ih-. 

~ Tht> t<'<'hnoloi,:J th11t s111111orts thl' Svdl'I 
A11AT :iyst.-1.1 i~ similar t-0 •·h"t w 1,1 11s:-11111NI in 
l1.S. stmlil\.~ in IOO<l.(') v.·hl.'n the- SAtST 11~'1'11111 
was htini,: p11rs111.'(I. Thi' 11mp11lsion t111tl 1,:"11i,l11111·I' 

:1v,Mm:c1 wt>rl' fir..t teslt'tl in Hlt,:J 11ml 19tH (l'of1111t 
i anti l'ol!/(•f l), but 1h11 /in;! int.•1'('4'J'tlW vthi~·lr 
wal' not flown until 1967 (Olffll,~1 /S,'i) . Thi• fir.-t 
inten-t>pt lt"Sts wl'rt' m,ul<' in 100!( with n~"'"'JK 
t4!1 and <'f!fflu.,. Mi a+--.insl Kn in!,tn11nrnh•11 
1&1,."t'I vt>hirll' (('Offlln.< .t4S). Thl'lW thN'r la1111rhr!, 
ll"l'l'f' ruadl' "ith 1hr SI, 11 ~1.-r. 11i- ,i·rn> llll 
inlA'rn•plor hmnrhl\, llftt-r l'11fyot. ( )thrr l~ti
followl'll, 111111 1hr ori~ri1111l ~rit'). 1t•rmi1•11INI in 
1972. ll'hen II tal}.'t'I WII." put into vrhit h111 no 
tlltf'rN'Jltor followNI. Thert' wt>r«> Ii l111m1·h~. ti 
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1111}.'flls (of two \'&rietitlli), an,\ 11 inl.('rc•pton; 
(with 7 intt'rrept 11ttrm1,t.'4) in the ori1,.'lm1l M"riNI, 
1101 inrhulini: lh1• t1arly /'olyot Hij!:ht.s. In 1976, 
lt>Slin!! was rt':mmNI, with lhl'f\(I tiu, ..... u.1 Md four 
int.-n·t-ptor:; l,umrhN' All l('Sts i.n 1971 11n1l 
I hrN'sftt-r wt>tl' ro111hu·t{'(I 111 orbiu; inrlinetl 6~ ,lri:. 

~ The i,:t'<llllt'try of a ty11ir.al int-0rce11tio11 i~ 
iiho\\-1\ in ~lf:. 2. Aft.-r sutfarieut lr11rkin.: by 
llt11 llv,u,r t1p1tr"•1111n·t>i1111Im.' radars to Mtablish 
!hi' ephl'mPri." r' thl' lllll,'1't (ov11r au i,11Nval 
that h1ts bt>t·n '"'' 11.'tlS than throo divs), the 
intt>rreptor is lt1unrhl'I wht>n 1hr tar,_'11t iii ~hoot 60 
,1.,1! (11 fow de1,.'l"N'S for two of tht' l\J7tl t.Mt.s) 
hefon- il.s ,•108l'<St 11ppro11r.h to 'l'ynratasu. On<' 
11unt<'r of 1111 orhit tlownran1,.'1', th<' it114'1"('t1Jlt,11r 
jlt'rfonns 11 :1l11111.• rl11u11,.'t' t-<' 1,."tl int<, I ht• pl .. 111• of 
lht> tar1,."11t. Thi' 11lsnl' t•hau.,_'t' 1·11p11hility ma~· lN' 
IL" mur.h ll!i Ii 1!~. At tho romplrtion or 011t1-l1alf 

,1rhil , thl' 111tt1rr<"111or 11~'8i11 m11t1f'll\'<'~ to rai!IE' its 
pc•ri1,."ff (or 111,<11-,'t'<' in ~lint' r11stlll) lo th,, t11r,_'t'I 

11ltih11lr Th<' flij!ht ro11ti1111PS for 11nothtr orhi1-
1111d-onl'-h11lf (hlllf-11n-orbi1 for lll'O or thr 1970 
1t•sl:-1) lor 111lj11i-1 lmt•nl or ph11si11i: with thf' 1111).'1'1, 

1u11l 11-,; th1• point of ,·l~•~t 11p1•111111·h j,. 11houl to 
111-rur, 11 thinl h11n1 is 11111111', 11flrr whi,·h th,, 
n•l11li\'I' ,·«-lodt~· l,c,twrt·n tl11• \'rhil·l,•s is ol)S('n'l'1I 
to Ill' 4011 111 :,(\(' Al11.111t :1 min lll'IOl'I' till' point or 
,·l11i-t•:-1t 11p1: ru11d1 j,.. n 11lr h1'1I. th,• mtt'r1·1•11tor '"'i-.rin~ 
~•11n·h. 1111.I onr ol~•r\'11lions lul\·1• :-ho'\\,1 thlll 
t11'Cp1isitiun 04'1'II~ v.itla 70 to \111 Sl'I' 111 h"'· At !his 
point , th,, h•nni1u1l homin)! 11111111•11\' <'r 1'1'1,.iin., , 1o111l 
111 111,0111 ~ i-t't' lo ~-t•. ll pt'llt't w11rh,•1ul i!, lin,,1. 
Whil1• tlu•n• luwr l1t't'll f11il11n•s fn1111 tinw to tinw 
in ,·11rio11~ snll$)'Sl.•m~. it h11i1 1,.,.,11 11ut~I t hHI 11111·1• 
tht• ~•kt•r Ill\.,; h-.·k,-.1 011 tlw t11r..,'t'l thl' wnrhr,111 
l111i: nrwr r11ill•,I. 111111 1111• 1111)."l' I h11s 11lw11_rs ll('(•II 
11\1.,.,..r,«-11 to l'\'11rl lo th·• i111p11rl . 

~ Bt•1·1111:1e• 1w )!Nllln,I l'll1Um11nds lo thl' inlN-
1·1•ptor ,l.1, in)! 1111 ~•lll!ll~"\'1111'111 luul l1t't'll 1l1•h't' ll'tl 

(until lllilil , it w11s l\..,;.-;111111-.I th111 till' 1•ntir,• 
intc-rrrpt ~11111111·1• rnui,1 h1• prrpn1~1'11111011>tl. 
(Thi~ '"'' s11pp11r1t•d h~· tlw 011r-.1rhi1 lllil\ lt>:-1:-, 
i11 whirh tlll'n• """'"' no opportunil)' for ~"'011ml 
i111.-r1tl'liu11.l For thi., n'A.'(lll it v,·s:- pn'tlil-tt"!('l 
thttl S)':.;lc-111 11111'r11tio,1 t'Olll1I hi- i11111mvNI to a 
q1111rlt>r-41rHt (,lin•1·l -1L--r<'111\ iut.-n'<'l'I with tht• 
:-11mr rquipml'nl. I m111·0,·t>mrnt in ro1111•11l1tt ionttl 
pn>1·t'ihlll'l'I 1110111• \'\\ith no 1·h1111~'1' iu pmpul~ion 
rnpnhilityl y,·trnld ttilo'\\' ft i-1111,,rl1• hum 11t th,, 11u11r

lt'r-<>rhit pui•,t th111 w,mltl 1·0111hi11t• t hi' )IIRlll' 
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change at1d the clos~-velocity adjustment, as 
shown in Fi~. 3. While this mode has not been 
tested, there is no reason to 'Mllieve it may not 
be forthcoming, and if the United States were to 
plan for the defense of its low~arth-orbit satel
liws (by evasion or decoying), it should includ6 
considell!tion of this possible capability. 

~ The ~nsor used on the interceptor is assessed 
to be a mu1ostatic, pulsed radar operating at 9!J8 
MH7- with a 7.6-deg beamwidrh.(•) The unit is 
~timated to weigh about 125 lb. To scan the 
unCt>rtainty volume, t.he e,ntin- int~rceptcr ha., 
been obs{;rved tt) cone rather than just the 
antenna ;• conini: stops, once acquisition is 
accomplii:hed. Lock-on range is About 15 nmi 
against a 2-m1 t.a11ret. ( •) 

~ The warheu.J is estimated t. , ., t.he multi
layer, explosively driven fragment variety, fixed 
to the vehicle and fired forward. When the war
head is detonated, the radar ceases to function, 
indicating either that the explosive destroys the 
radar or that the pellet,; tear off the antenna. The 
estimated warhead wei~ht- is 7.50 lb. The allowable 
miss distance is estimated rt 50 ft and the range-to
go at firing at about 2,()()() ft.(•) 

~ The vehir.le i5 estimated to be about M ft lo~ 
11.nd 6 ft in diameter. Five orthogonal rocket 
e~ines 1,rovide axial t.hrust, as well as the ability 
to ma.neu,;er laterally. Th~ radar and warhead are 

~ Tests in 1976 may have i.:itroduced an :irticulatef, 
antenna or feed. 
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Figure 3. Schematic of -:lirect.-~nt intercept mooe for t~ 
Soviet A'!AT syl'tem (source: Rel. :'). (Figure and figure 
caption both cla.'l!lified ~) 

at the end opposite the axial engine. An artist's 
concept i, shown in l<~ig. 4. Thr weight of the 
interceptor at launch is about 5,500 lb, and the 
total velocity capobility is about 4,000 Usec. 

~ A number of ob!-er\'ations that can be made 
frorr. the above description should 11id U.S. 
desi~er5 in pursui·n~ their AsAT program .. The 
principal limiting f1LCtor in the system i!- the 
sensor. ConsideriD{! the time period of develop
ment, a radar was in order, but because rads.rs 
are severely rou~e-limited (because of radiated
power constraints), &-rious co:11promises are placed 
on "yst.cm operation. In addition to the radar, 
another limiting factor is the propulsion. The 

:-IIC4..-flXEO S(HSOR 1..-rl 
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Figure 4. Soviet satellite intercepto• 
configuration (8nuret> :· Ref. 6). 
(Figure cl»ssifled~) 
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Soviet <lesi~f'r• l'host> to U!,f' four fixPil-thn1sl 
ll'11rnwe~ <'ll~nes ({I du~ t.hl' intt111l hu.eriil rm1r 
11011 final mis...; ,listanrt•. Thr fi1111I mis...; di:;t11nrl' 1,

strong:y 1h.•JM'n<lent on t'll):'llll' thn1,;t , (1- 9) und 
Ult' tJ1r11st wa.-. tJ1erefol't' pn1h11.l>ly 1•h11,;rn t<1 1>1• 

suffic·itont to !,.'t't t' .t.' 101.t'n'f'jth>r within tht• 1ll'Sl1",I 
mi~ ,listtmcl' (wlurh hed twn ll.,~~I 11:- 11bo111 
50 ft). 

N Thl' l11t.er11I m<111eu,·er capttbility 11( I hr sysh•111 
ffiJUil'\.>tl for 01M'r11ttu11 within the rumh1111•cl t'm•r-

j..'t'llt'l"llt~.'11 b~· the l•f1.'1't~phl',n'.'ris 1111'11:-urinl,! 
syst.f'm a111I by tht> AsAT IH.10,;t.•r 1,r11idiuw1• 1:

~<;.ent1ally thl' h1tt>n1l n•lont~· (thllt 1·1111 II(' 
&clclt"II) tJ111t--. tht• timl' to p,. Th,-. hurr11I ,·l'lnr,tv 
itll'rt'lllt"llt <'llpability was pn>bAbl~· ~•t by tl:'1• 
mii-.-.-<iistanr~ ron...;uiMat.inn, so the onh· f!'N' 
paraml't.er i~ thl' ti111c to l-,'O. Thl' timl' to i.,~ is Ult' 
11r.quisiti<1n rtt:\l,.'t' \~t by th,· mdar} dividr1I l>y 
rlo~,ml! n•l(l('it~·. 'fo hti\' t• tht> laterRI ntlll,..'(' s11ffi
r1enl to rlo,.e 0111 Ult' l'rrors mt'nti1inl'II 11)(1,·" 

(about 10 km) , the> Sovif't •l<'l-it-rn Ml11pt<'d II n•~
lov.· \°11l11c> uf tl1I' n-la I ivl' q•lori t y I I hl' oh~•n·f'II 
'P{l nt/S('r'. for lht' l'nd J."llllle. The du,•f c·otl."fi(lll'm·t> 
of this :-mall l'lo:-iu!! ,·t>IO<' lt\" i,. that urhitlll
injt'<'tion ,·11pllbility i~ rt'1111in-:1 of the> ~)l;t('r-
llml hruC't', • hf' ll:-(' of the litf!,.'t' Sir 11 (111oclilil'd 
~-;_9 H'!l:\I) hooi,tt-r. 

~ Wlull hR\'t' l)t't'I\ tl1-,;c•r1ll('tl ah.."'t' an• thr prm
<'ipal inl('ttlrtionl' 1111111111? tht• st-\'l'r11I p11rllllll'tNi
thlll ront.r,,I th!' ,-~·,;t<'m dt>><i~rn . Tlit> prudent lT.~. 
dr,;11,.rnt•r will dtoo:-t" 11 Sl'n,..,r v.·1t h Rl' 10111! 11 1lt'h'<'
tion r1m1-"I' 11., p,-ihll' 1rnd II rorket 1aotor (or ~• 
of motor:-) ll·htt:<(' t hru,;t \'N'Wr 1111<1 1111111;1,.., h11 ;l• 11 
IRr-,..'l' 1·1•11t,oll1•1i v11n11hil11y. Ir 1:11,.._., ,.,.,J,,,·t ion, 
r11n hl' 11111'1<' w1th1111t 11111l11<' l)('t111lt., 111 ,·1•111pll'x1ty. 
thr lll't>tt for pn•1·,..._, l'11hr·•1rr1-. ol11t!I w,11 hr 
n'il111·t•d. 11 lcnwr n)l;I l11H.1,-l('r 1.,•·11itl11111·<' ,., ·:-t,•rn 
<'Rll l1t• 11:«'1I, 11ntl ,:hort-1 i 111<'-<lf-<'n~~~'('lllc'!I: J.~'tm,r-
1 ry (,;111·h 11,:. clin'<'t 11,-1·1'111l ,·11n 11(' ,·hos.•11 for tlw 
inlt'r'1•1•p1. 

~ Ir w11,- '-llrpri,-in!.'. th11t, 11fh•r tht• -4- to 5-n•11r 

,;11111,hlnwn, thl' 1ww ,..,ri"" of :--Cl\'11'1 14.,..,,. ,h1I. 11111 

i11rl11clr 1ww rnmp111wnt:-. \lw,-11l1',- 11r1irul11wd 
Rntr111111,-l 11,nt w111:l1I r...J11x ,-omr ,,r th<' run:-trirt• 
ini: p11r11111Nt'r:< cl<':-1"r1t11•1l 11ho,·1•. If w, 1wa· !(';:I,; 
lln' r1111cl11rtt'cl with n111jor 11pi-rra1hn:,? •if tlw 
limitm~ :-ul}l;,\':-t(>II'"· ,w 1·1111 t•XJlC'•·I thst th<' :--c,vil'i 
"SSh'lll will l"t'lllftill ,·f'ry li111ih'II 111 •1ltit11clr i,,11rh 
111111 inrlin1111on nn·,•r11!!'', will 1lwn•for,• pl11,·I' 1111!~ 
ft li•11ittcl n11111ll<'r ,,f \ l.S. ,;ntdh•<':- 111 rii-k. 111111 
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will be repla('e1I l'Ventalllly b.,· llll all-new s.w,tem. • 
Thus fllr, thrre hd\"P ut'l'II no vbser,·11tion:: or 

m·Jir11t1011s of follow-on So\'iet A:-1AT acti,·ity. 

Ill. KEY IS."'lTE, I~ Kl.l\ETlC-El\EIWY 
KILL SYSTE:\1~ 

~ A 11111nllt'r of is...;11,-s n;ui:.t l><' s11r1•PSSfullv 
11,ltlro.':t"t'II if lht> t '11itf'<1 Stl\tPS is t•1 cont:mu, th~ 
,ft,v1•lopme111 of ,m A,-AT systt>m th111 use!- 11 

!:inl'tir-t' ll<'ft-';' kill m('('h11nism. Th(').(' issut'S 11t<' 

tlis.•11SSf'\l in thr :-t>qm•11r1• Ollf' mii:ht follow in 11n 
Ol)('nltional ('(lnsitlr.nttion. '!'host' i:-l,lll'S tlutt tlN' 
1·onsi1lell'\I ~ kf',. c·onsiclenuions llrt' then identi• 
tit>tl. s11m11111ri1.t>1i, 11111I onlen-.1 as to thrir rt'111ti\'t" 
in.pol tllllC't'. 

A. T,1 ROET LIST 

~ The list of t11ri--et:t tb11t r&n lx• Ut'J!llt.f'II b~· the 
A:-AT S)"l'll'm i:- im110rtan1 i11 :,.l'\'Pral w11ys. Th<' 
f11ndions of thr llll)!t>ts 11ml tl1eir us<-fuln('N; to 
th1· :--O\'if'ts tlN<'m1in" th<' vi1-'l1r .;,h whid, W<' 
mul,t 1111~\ll' thi>ir tle:,,t:111·tio11 11111I tlw ti111l'lin('!;S 
l"('(jUin'II of tlw intN·rrpt tr11jl'dor~-. Tl11' Hltitudr. 
thl' ii11·li1111tio11. ,md the ap11111'('11t siz.r of th1• 
~lellift> ilt>t('mtine thl' 1'<'rfon1111nc·p rt'ltuin-m,•nt:: 
of thr intt>rrr11tor i.yi-t<'m. 

~ 111 H<'L 9. whi.-11 is 11 19i6 rr,·i~I \'<'n-ion 'lf 
t hi' N'<llliml 11111':itl ion11l 1·1tp1thilit~· ( 1tol'l for 11 
sp11rt' dt'frn~ :;~·strm, thr ..\1'ro~p:t1·1• ))<'f1•11,," 
Co111m11111I (Al)( '()\I ) h11." ~tlkl'n 11 :1;0N' n•litxt'II 
po~ition :ltr.n ,t took in 1111 l'Rrlirr doruml'1tl("1

) 

with n•~11nl lo tlll' 11111nlwr uf ,..;.l\•irt ,.utrllit.('s 
thtlt llt't"! ll«'!!llliu11 11r.d tlw ill')..'('J\l'f pf thl'ir 
11~.:111io11. Although .-\1)( '0\1. ;11 H,•f. ll . still 
projrrt, for th,• 1\l:::.! timr (rnmc• 11 l11~.!r 1111111li1•r 
of st111•11i1t•s 1h111 it 11,-,~•rt,: 1111• l ' nit4'1 S11111-,; 111,ht 

l1t• n1p11hh• 11f 111•~111 in!!. 1•sti111111..,: I h11t \\'t'n• 

ntrn'nt i11 l!liti 111111 11r11r-trn11 1m1jrl'tionst 
i111lir111t• lh111 nnly 1tl to 15 i11ft•r1·<'ptit111,; woui,I 
Ill')! 1tl' 1111 tlw ~1\"l<'I l11t'l11':ll 1111d str11h•!,..ri'1·
,11pporl ,-111,•llitr:- . It is f'Xtl('r!t•cl th11t Al)( '0\1 
"ill rnn1i1111,• to ,wruti111;~p th<' ~,vi1•t :-.111t•llitr 
fore·,• 1111.! 11ltc•r th1• Ht~ tls th,• 1•c•r1·1•i,·NI lhl"l'III 
\'I I 1111 l-""". 

,.., A ,li):ht ly clitfrn•11I rrit.,1io11 ,·1111 ht• us.>tl 11, 
d,•ridc• wh11t Mtll'llii.-s 11111,-t (,., IIC'!!lllt'•' . It is 1h11 

•- ~,,1,1 th;U :O:t 1,wt tn,uhl1""- "ith \:,,,, T 11•h:tlnh1,· h!i\t' 

111\I ht't'll d,'-("ll ....... ,d hl'J"f'. • 

ffl "l ••u fh•· ha--i-.. ,,f thr l)r ft.11,,;,,f / ,- 1dl19<"•ur J>rc11rrt~o11j 
/ur />in ,u111:9.t 1 1l • 

. i DO ltfi't' 
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the United States must be able to negate Soviet 
satellites (or satellites from i.lly othPr country) 
whose existencr poses a. threat to lT.8. forces 
or to the security of the Uaited Stat.es. Ht're, it 
is im11ortant that t-he potential enemy be denied 
the use of space to gain a military advan~ 
he would not hll ve in any other way. As the 
satellites listed by ADCO~I as 1-equiring negation 
are discussed below, this criteric>n will be applied. 

(U) Table 1, taken from Ref. 9, is shown here 
as the focal point of the cliscussion. Sat.el)jte 
descriptions anti performances are taken from 
Refs. 6 and J 2. 

1. Plwtom:cmnai~sance Satellite& 
~ The photoreconnaissance satellite:,; currently 
in use are a low-resolution photo/clint ancl a high
resolution photo. They both use modified V.1stok 
vehiclei; and ,>perat.e at a few hundred kilomet.n-s 
altitude. Inclinations of 52. 65, 72, and 81 deg 
are usetl, and the satellites are launched from 
Tyurat!lm :\fissile Test Center and Pleset.sk 
:\lissilc and Space CP.nter by SL-4 ~te~. 
The low-resolution satellites are launched at the 
rate of al,out JO ver year aud the hi!,(h-resolution 
satellites Rt the rate or about 20 per year. There 
is usually only one of each 111,eratinir at a.ny 
on!' time. 

~) Both systems use film, which is rcrovrrecl 
aft.er l,rndinl{, and both satellil.eli h:mi useful 
livf's of 12 or 1:1 days, which lirn•t.., the use of such 
a system to lon~-tenn intelli1,.rence ,md verification. 
Unlcl>.c; the ile,;iim and 01>eration of t.h!'!-.e vt>hicles 
are chanJ!ecl, t.hey will h11ve little value in a real
time situgtion. Thert1fore, from a v1t1w of what. is 
"at risk," then> 1~ lit.tl11 incenti\'e to interrept 
them. 

~ A new-generation photoreconnais.-..anc~ s11kl

lit.e system, Ollf'r&tinJ! at. a 67-(lt-ir inr.fou1t;ou w:•11 
a spacectaf•, lifetime up to 40 '111.y,-, anrl film
r.ar~ule recovery, bej!an test.-; in S4-ptf'mbe, 1°75. 
With this system, th1> convel'!\e or the ahu,·t 
problem is t~e l'IL'ie. Th;., photorer.011n11ii-..;anr11 
satellite system is of a technolQfriral lt-.-el thKt 
it would be possible to make the fin,;t, c,rhit a 
rlata~atherml! or':lit, if it "ll'ere in s11 inclination 
to overfly inten-stin~ areas. Therefon-, ;t would 
be possible to launch tl1e pl10toreco•mais.."U1nre 
satellite, take the cle,;ired 1>hoto<,!l'aphs, ,rnd clro!' 
the film capsule rn t.he fin-t orbit., well before an 
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TABLE I. Soviet miliJ.ary saul.lii.u projuud for 
J.9Rt. ( Tabu and tabu caption both c!.urkifad 
~) 

u. ::11 ... , 
(bole, 1000 Ml) 

l PtlotOf"'KOft 
• !LllfT 4 ,..,..,.,,.,, 
5 Octt" Svn 
) Atr Wl""f 

l1 c.. ,..-u 

• IOOUIIYA 
3 "1u1lt Sun . 

Ht9h A!tfl ... 
(aDOwt 1000 M il 

;~m~ 
J !IGIJtT 

18 k1,191t10n 
l Mtnth Svrv. 

A sAT system could oven t\.Stlblish the eph«'meris 
o( the orbit. While the new photoreconnai:ssance 
satellite may be a desirable target, it is also well 
beyond :,he capability of currently projected 
orbit determination systems, at least for the 
first few orbits. 

£. Elinl Sat,1litu 

~ A ,ledicat,eJ f'lint ~ygt.em opention was 
imliat.etl by the Soviets in 1968 with the so-<:alled 
second-generation system, the fir:;t-generation 
sp;tem being an a<ld-on packagt to photorecon
nai~c;ance satellites. ll ap11edn: tbat thi.~ seconcl
~nerstion sysl-em, cylin,:rical in 111,upe, ! meter 
in diameter, 1mcl 2 meters Ion~. continues l.(, be 
launched in S(Jite of t hP. exiijteoc~ of II thircl
~neration system that was first la11nchetl at the 
f'nd of 19'.'0. The thircl-gener,ition system use$ a 
vehicle subsl.lml.iall_y la~r than tlie soco111l
l!t'n'-'rstion :-ystem, but of 1hr ~a,ne general 
confii~rl\tion. 1'he.-.c thir,i-generation :;atellites 
op;?rate 111 t1bout 600-km 11lti111cle ~I an inclination 
of 81 .ler;. They 11ft' nonnaily programme1I 011,·t> 

per 1la.v. :rnd play back chcir ouqmt durinf: " 
sinr;le p11s.~ over \1osC<>w, Lui there is no rui-cJll 
le ht>lirve tlu,t. this prN"edur" wUI n1ru11in sta tic:. 
Thr clint program apj>t'11rs ,~ bt' very acliw ancl 
o:1e i;r.oulcl not ignort' 11 poi:...,ihl1> N'al-timr, lo,·ai 
rrllcl01,t mode with lor1d ta~kinj! of tht N1tcllite 
a:- part of the i,-owl It of the "}·~trm. Ir this lrnppens. 
the r.lint ,.,,·,-,ten, could in II time of rrisili be1·••m11 
11 se1 iou!' ·, hT"'a t, one whose ~Xi!,;tenr-1' plares 11 

number of our 11-set." ~urh "" cvmman,I post, or 
ra1fsr sitrs Ill ri:-!c. Tht> <i lint Ntt('llite therefore 
.-houhl b~ n,n--iilere1i a:,; a :11~e! f,,r A tJ .~··. 11nt:
:-11tl'llite or :-ome J.•Tuwth v.-r.;ion thPreuf. 

S. M,trurc,l,~ca/ 8altllitu 

~ Thi! S,wiets hrl\'r 1q1gra,:rd tht'ir mf'teornl(}j!iral 
~atellite prur:ram wiltl a nf'w \/,fror-f, fi~t 
1111:nrhed in miil-1975. It ha.-; thr ~e b:L~ic 
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confitturation as Mtttor-1 and is in the same 
orbit inclination, 81 ,leg. Both Mttt0r, are 
launched from PlffiCtsk on Sir:! boost{lrs to an 
&ltit11Je or 870 luu It is expec1t'd ,hat th.i numbE>r 
in operation at. MlY one time will be nine to twelve, 
with thref- to flue launches per year. The opera
tionrJ lifetime is ab<,ut 24 months. 

~ The priwe sensor for .\lettor is viuicon tele
vision, scanning and nonscanning inrra.tttl s)·stems 
are secondary. Both systems can be opera~! in 
real time or in st.ore-ADd~lump m01les. ThQ 
automatic picture transmission capability that 
was ,leveloped on Mtltor-1 is a :t.an:IIJ'\l feAture. 
There are three known civil recipi,mts of Mt.teor 
data, an<l it is belie•:8'1 that there i.-; a network or 
«round station!; serving the milit~· fortfl!,. 

~ The Mettor system provi<ies repetitive cover-
~ of a ~ven area every 4 to 6 hr, which, cou~\ed 
with the re-1-\ime readout, could provide the 
Soviet fon:es with tactical wtiatber situation an<l 
pre-Jiction information to support their 1ce!J 

strategic s,rike forces and their tact:cal aircraft 
used for theater operation. The oiienttion of the 
satellit~ places our forces and our na.tion at a 
higher level of risk than woul<l exist v.ithout the 
satellite. Hence, Mtltor should be a target for 
any U.S. antisatellite. 

4. Ottan Rtconnainanu Sattliitu 

~ The ocean reconnaiss1mce satellites come in 
two versions, radar and elint. The development 
of tbe ra.dat version (ROR.SAT) w&S starteti in 
1965, an,l a prototype was launc-he•d in 196i 
(C1m110, 198). All of the satellites are l11unche<l 
from Tyuratam aboard an 81 .. l l . This boost-er 
(a slightly mooifi~I &_',--9) uses storablt' fuel in 
both slaj!es and, thus, could be deployt>d on 
short notice in time of ,·risis. The oper1ttin)! 
altitude is 270 km at an inclinahon of 65 ,le~. 
The operational system is E1:q>ected to ronsist of 
two satellites, separat.-d in pbllSe by about 25 
min. Thti system is ~urrently ftS&'SSetl a.c; ha"inl! 
achieved initial operational capability, aml the 
tests (in pairs) durin1t 19H anil l9i5 wen' thou!,?ht 
to confinn ovt1rall system performance. The life 
of the s~·stem is about 2.5 months, aft~r which the 
satellite Sl'puates anti one µiere tra.11sfers to a 
cm:ular orbit at an altitude or about 980 ktn. 
A thermal-balance analysis of this hi1-rhrr altitmle 
tt.ction, together with the expectetl decay time 
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(250 y111\J'S) from that altitude, su~ts ll nuclear
reartor power supply. 

~ The data ftcquired cw be played ha.ck in real 
time or in a store-and-dump mode. Op<,rating in 
pairs, this syttt-em poses a real threat to naval 
forces and has been observed to be used in tracking 
U.S. aircraft carriers. Other RoRSAT activities 
inclu<le operations at the saroP time 11.S Soviet. 
and U.S. ftMt operation11. The e,q-ected Roasu 
launch rate is two per year. RoRSAT is an o':ivious 
target candidau. 

,Sl The elint ocean reconnaissance satellite 
(EOR..'-AT) is a ne"R addition to this seri~, havini: 
first been launched in December 1974 (Co,n108 
699). It, too, cC1me'8 from Tyurat.am aboard an 
SL-11 booster. The operatinl! altitude i.; 435 
km• at an inclination of 65 dP<,!. It 1s similar to 
the RoRSAT, in that it usei: the same command 
system 111d 11. similar data :,m,1at. Data &rt" read 
out in a stvre-antl-dump mode o,,er Moscow and 
in real time to other siu.>s in the U~SR and to 
Soviet ftp,et ell"ments. It appeared to be operational 
aft.er only t"'·o launch~. sul!i,-sti~ a hi~h reliance 
on proved RoasAT technology. The expeclil({ 
EoasAT larnnd· rate 1.,; one 1w-r year. The elint 
ocean reron1111.iSS1.nce S11.tt'llite is ttu As.t.T t&l')..>et 
CI\JldidatA!. 

5 . . ·hr SuNJt.iJJance Satt.llitu 

~ Air surveillanre satellites are projected for 
1982. It is difficult at this timfl i.o &nt:c1pat.e the 
detailt- of the t('('hnoloizy a.nd the syswm operation 
that would makP th!':-e s111Rlh~ a thrE'at. However, 
it i~ uo,ler;tood that tht> projl'<'t1on wes nu1de 
with ~ood foundation, a111l one should pro1lf'rly 
expect its llpl)('uanr.e. If I\J\ air ,;urYeillanr.e 
,-at,elht.e systt-m appean; 1md bet'Omes ope, atumal, 
one sho111d ronsidt>r the ~ystem 11.ble to support 
tactical OJX'ratioll!' i11 J,;11rope, a.,; well a.-; to 1leu-ct 
&nll t.ni.ck stralef-'11' bomh<-n,. At th1~ 11111<', one 
shouhl rousider an air :-11r·;e11lance satellite ~ u 
potential l.lU)!et and expert a lJ.~. A s.\T to C'tther 
int.en·ept it or be able to f-'T<•w in l'apabiht.y so 
that it coulrl ne~t.e tl>r low-altttudt> air surveil
liu.ce function. 

~It i• no1"! !hat. nf tht• luur Eo111"T il.'\l<'llit<-e- that 
bten ll\Un("~·rl. Co .. ~nw~ r,:,; ,I c,,..,,,,,.~ : :;,, Co, .. w,, 8."IS~ 
anrl CDffl'1•! s,·s, thr pN"l'i~ion in•<•rh1t"i .. ~::• nrl,• ha,, 
t-n ± I km. ~ O()(• 0(\ oth~r ~ >\"IN ~)·swm ha.• tbl,. 
precision, 1t i~ ~\IQ~tt"<I that thi~ mi11bt l.t• M E,,Rl"T 
srm•n requil"l'm~nt . 

·- -- I IJFllfl 
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6. Communiuatibn Rep,atu Sattliiftt 
~ Communication repeat.Msatellites, as presently 
deployed at low alt1tucle, Ate of two varieties: 
(1) small satellites that are launchM in 1!1'0U~l$ 

of eij?ht (hence the nicknaree, "e11!hl balls") 
from Pleset.sk by an SL-8 "nd are randlmly 
injected at an pJut.ude of aoout 1,500 km at an 
inclination of 74 det•, Md (t) l~r :;Jigle ss.tellites 
at about 800-km altitude at the :,ame inclination, 
also ori~natinl! at Plesetsk and boosted by an 
SL-8. They both appear to be store-11J1d-dump 
communicatiuns repeaters w:th little capllbility 
to support a tactical situation. k; such, they 
should not be on a ~t list. in any event, it 
would ht, very difficult to attilck & set of eirht-
ball satellites with a kinetic-4lner,zy mterceptor 
because the ~tellit.es are many llnd are ph_vsically 
small.• 

'i. Molniya &utliitts 
~ The Molnil/'• family of ~t.ellites was launched 
in three models, st.art.lIIJ? in 1965 WllJ, Molniya 1. 
The annocnced function of the proirram wa:. to 
serve as a d'lmestic communiration.• syswm, but 
the capabilit.~ for a j?lobal militALry ronununita
tions applic1ttJon is obvi.>us. The succeeding 
-nodels Molniya i and Molnir,'4 Sare very similu, 
the cnly apparent ch&tlJ?t!S bemf! in fre<juenr), 
anl(>nna confij?ml\t1on, and pow4'r sup,>ly. Tht> 
la1•nch vcbic'e is the Slr-6, and the launch ,;1t..· 

is 011w Plesetsk. 

~ 'Molniya I appee.n- to havf> become o( pnmary 
service to the Soviet military forces. It is ILSSeS."-ed 
a.,; hein1,: capable of reldying voicl' or ltle!_!f&J>hy 
only. Tht> orbit 1s hi~hly elliptical (with apo1,.-.e 
at its gre11.test n 1rthem latitude) and harmonic 
(two orbit..; per <lay). The apo~ !ls about 39,800 
km, the peri,.,,e is about 5GO km, the inclination 
is 6:4 de~. ar.d the J>eriod 1s 12 hr. The e.xoected 
lifetime is about ?. yean_.:, and the launch rat.e ha..; 
been three per year. 

~ Molniya t, first launched m 1971, is similar in 
deployment to Molniya 1 and has television 
repeating cllpability as w:?11 as telephone or 
flLCl!imile. The ooeration&I lifetime is t>xpected to 

~ Sboul.1 it be ntte1,-n.ry i..-. <if'!"'nrl !'(l:cl.v upon ~Patt 
for communiatiollll, Olli' tecbniqul' tbu .; ~'JIii llnt' • 
high cilance of ~w viving a limit<-,! conflict in,·nh·'°" Lhl' 
proliff'ration of v"ry-fflnall~t ion l'TP"3~.,. with 
klllg-life power 8Upphes. 

Mk11ffl'f 

be a bit shorter than that of .\lolniyc 1, and the 
launch rate ha,: been as h1~h as Uu-Ni per year. 
The use i0 primarily commemal. 

~ Mol,.t!l'I S was first launched in 1974 and l!l 
expected :,o be onl) a modest improvement over 
Molniya t . The orbital elements are tht> same. 
It i'l expected that Molniyc Swill be a component 
of the Wa.~hinh'1on-Moscow hot line. 

~ A .;ml!le launch, in July 1974, ol a. Molniya IS 
to synrhrono11s orbit aroused i,-eat interest. 
It w~ stabihzed at lor.gitude 85° E ., opera.Uld 
for about fi months, and has been silent since. 
It aµpea.s t:> ha\·e been s development saiellite 
in tht Stat,wnar pr~'Tll.Ill (Section IIIAl0) 

~ The .\fo/.71iyc family of satelh~ in elliptical 
orbit ap1~ to be a part of a concertM effort 
by the Soviet.'! to deploy a worldwide communi
cation system to serve both their military and 
ci\'il 11eed!.. There i~ a plethora of ~und stat:ons 
m the Sonet Union, and there are a numbt-~ in 
countries friendly t., the USSR and on several 
N>v1et shi11s. 

~ It is not clear that .\folni ya i:; a. desirable 
target. With the exception of Molniya 1, the 
systA:m appea~ to ht- civil ont"nted. Sov1l't 
military• 11atelhw commu.uicat1on traffic, while 
heavy, ·s paralle,ed \,y other m1htary sy:..wms 
that are not :..at.ellite relatetl. In a.ddition, one 
must consiJcr the p111ctie&I aspect of 1nwMption. 
The ,,atelht.e. while l&fl?" in !'ize, is virtually out 
or ran!?" of our Northem-Hemi~phere-based 
trackmi:: s tal. .ms wheu overhud (&J>OJ-'1!6) 11r.tl 
0111 or sit?ht of our tra\'kmi: ;;tx 'ions when 11.t 

per1~ee lm1docean m the Southern Hemisphere). 
In addit101,, when the satf'lhte is at i1,..; lowest 
alt1t;ide, us velocity 1~ about 8,000 ft/:.ec f,asu,r 
than Slitellit~ ;n m ~alar orbit at that altitude. 
On,• would ha,r to make a ,mbst.ant1al cost' 
benefit arirurnent. that the continued existNlCl' 
of the .\folu1ya sy~tem pla.cl'S our forces or <;Ur 
national c;ecunty flt e 1.o1iq11e r:,-k bt'fore commit
tmi: on~lf to Rn A:iAT capability to e~~ this 
difficult t.&rj!et. 

s . .\fa,iu Sum iUana Sattllitu 

~ A sen..s of m1!'.Sile sun-Pill!IJlce :-. ~llite 
experimrnt.,; Wl\.'I mitlate,l in ~µwmber 1972 
with the launch o( ('0111101 51() frcm Pl~t.'lk on 
IUl S~ mw a lliihly elliµtical orbit. Ther,1 is 
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some differenct1 ot' opinion ~ to the satellites' 
shapes and si1.es1 but not 1LS to t:1eir function . 
A total ,,f five laun=hes have taken place, inj.:ctin~ 
the payload into Molniya-like orbits. The cover11~re 
of the broad ocean areas in -...e Northern Hemis
phere wa.• ~most continuous, ;vith les.."tlr •·ohraire 
of the Minuteman site,,, th, Westl>:u Test Rt1J1t:e, 
and me East.om Test Ran~c. 

~ The satellites d~ribed ab<, .. e &s heing in 
hig-hly elliJJticau vrbits were foi! '" ed by CMnva 
775, "'hid1 WllS launched to :1yn1·hronom, orbit 
in October 1975. Whereas the earlier satelliws 
were launched from Plesetsk on an SL-6, Contos 
77.'i came out of Tyurat.am on ar, ::>L-12. The,~ 
is a diffel"t'nC(' of opinion 11.S to the confi~ration 
of the launch-detection satellites. Somi hold 
that tlu.•y are variations on the Molniya ~pace
craft, while others rej!ar~ them as new confij:!llra
tions. (wmoa 77l; is stlltioned at about lon!!' LJdt' 
24° W. Md mclinl'd 11t about 0.1 dej!. 

~ Onf' shoul,I con:,iller the value 1mtl risk 11:...~
ciate.l with the intudiction of thc:-e mis.-.ilr 
surv<'illanrt> s11teliites. 111 times of ten~inn. thf'l"l' 
ma) be ,·alue in th<' enemy',; knowing thllt the 
Unitl'il States has not launched Ii m~"i"<' ll'nM 
or !'.Lo.1~1 u.tta,·k. Thr ,·lll11e or dei;troyinl! the 
Soviet launch sur\'eillanre ,-~·~tem woul,l <'Orne 
only if ll C::,. 11ttack W('re launched aud only 
if th<' sRtellit~ h1ul some rllpahilitr to est-im11t r 
trajeclor.,· amll lime of llrrival and to alert the 
Soviet <lcfrnst>. l1 i;; ar;nie,I, howe,·er, that the 
intcrreptiou or this t~·11e of s11tellite would pre
maiun-1~· alert th" "°'''.els to a U.::i. intent.ion to 
launi:h a ballistir rui,__~ilt> 111 tack. Serious nmsicl
eration should he in,·eu to the~ facto?"l- before 
the Unite,1 ~tat.es under111ke:- the ,le:,iim of an 
Asn for this ~llpabilitJ. 

IJ. High-Altitude .\J,,ttornlogi<'al Satt llitt 
~ ~o Sc)\·iet meteor.1lo¢cal satellites have 
been obsf'r\'t'II to be l11111,rheil for hij!h llltit ude•. 
.\Ir/tor I amd Mr/tor f re1)1'e~11t t h11 total Sovirt 
me:<'oroloiocal sotellitf' rapabilit~·, but the So\'iet , 
h,1ve an01,unced that t.heJ intend to place a 
Wt!ather satellite it: geostationary 01 bit. If it 
comes, it will be a can,ticlate, albt:it a diffirult. 
one, for interception by a growth Asn. 

LO. Stc.t~<mar 
~The S<wir,tl\ an,,ouncPtl plans to establi!,h 11 

network of geostationary communication ~tellite:; 
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TABl,E 2 . Herm,d rarget lillt. (Tu.Me d4uifa.d. 
~) 

T1r9,•1, Pt,(thd TodaJ 

h1$1r Ocun R,cu11tl11 .ttu S.ttll !I1 i•o•S.U) 
HIIH 0c un t,u ,.11•tu.tt1ct S,t t 111tt C0ISAt , 
tl..lllT httl lt U • 
JfttfOr01of1UI su,fl H t !NCfSAt ) 

,u,fbh h rg,h 

11 1, 5u,..,. ,1 1uc, s,ull tr,• 
l r1cl 1to11 111,, 1,,t lJIII I Sntl l Ut* 
1u9• . a 1r 1t11ca 111,teo,.o\01H •I s,un1:1• 
·llil • litfltr.C IOl'J h otort(OftlllUll"tt S.tt1 11t, 
llf0l llU 1 

t ■c1ro1>1tdir h r4tH 

co-wn lc,t t•"' ltpu t,, ht,11tu 
NOLlll•A l 4 110 NOU JrA J 
ll t u tJ , S11,,, , 11,"u h ttll P tt ( (l l1p t 1c , 1 , 11.J MHf ll •Altl h O! 
STIT! !OOAt 

111m etl Stat,-io,urr; it woul1I duplicate coverage 
of the I nt,lsat sy:stem. ( 'mmws 6S7 w a:; ~h.- first 
S!n·iet set<11itf' l11unchc1I to 11. synchronou~ equa
lori11I position in Ma1ch 1974, but ii rem11inl'1I 
in11.ctiH. A *coud synehronou~ eqmllorial satel
lite w11:; launrhed i:- Jnl~· 1974, b111 it w,L-; ,lt'l>ig
n111t>tl Molniya IS (mentionrcl urlier) and oper-
11tecl, as t "i:>ecled, on .\,lolniya J frec1ue1wies. 
Arter two annountrmenr,- in ,Tune 11111I September 
197.'i, Statsi,mar T tRatlu9'l J) l\·11.~ lb1mri1ed on 
an SL 12 1111 Dec. 22, lt\75 and iti.~rt~tl intu 
~eost11tionary orbit 111 lonl[itutle 90° E. The 
s11tellite:s hav~ a televi!<ion relay function ralher 
th11n thf' Mnounr ... l j!t'neral • commu11ications 
fu11l'tion an11011ncecl for Sto.tirimiar I . The plan,-, 
for a ten-~atellite iaystem 11ppe11r to l:an·e slippe,I 
in time, but 11l't' expt'l'te,I to lH.• implemrntecl in 
th<' ne11r futur<'. Jl<Ul11ga 2 w11i. launrhe,1 in ::-ep
tember 1976, 1111d a 1teoslt1lio1111ry ,-lltellite ,le~i:?• 
nale<I EA·ra11 was la1111cl1NI in Octobf'r J ll76. 
Statirio11ar 4, exper.teil in the 1971'- i 9 period, l\·011lil 
be plllced off the wc:;t c·o11sl of Africa ov('r lhP 

Atluntic. StnJ~im1ar 5 and Statio11ar 6 would ht' 
plauil oYer the Indian Ocean, whertll.'- Stat~i011ar 
7 wonhl be 11lac·ed o\'er the Pnc1frr Oi.:can. Abo11t 
19SO, Statsio11ar S wo11ltl lll~o be plareil over the 
Ati,mtic. Two rnorl' Slallmmar.~ in that perio1I 
woul,l be positionl'\I o,·er the lmli11n Oce11n and 
the Pacific.tu) 

~ A$ ftir II$ ii; known. no military function~ a~ 
r.urrenth as.."O<'iatcd with these ;.recstationary 
l-&U'llite~. They are parallel to oth~r Soviet 1•r. ;n
munir.atio11 links, anti thert'foll' thf'J' do not. 
pre<f'nt a hiir,A·al11t tari."'t 10 a U.::-. A~.\T uni~-.. 
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Figure 5. Compo, ,te in111ge of radar 
ocean reoou.i.ai88an~ Ptelliu 
(RoRSAT) (source: Ref. 12). (Fig• 
ure and figure caption both ciaal!i• 
fie~) 

of course, it becomes necessiuy (and possible) to 
interrupt the entire Soviet communications system. 

11. SuJint Satellites 
~ No Soviet sat.ellites are currently identified 
with the role of ~igint, although they are projec:.ed 
for t-he 1982 era. It is not clear how this function 
diff~rs from the elint function. Should the si¢nt 
satellite system be capable of rr.ore than IOllJ!· 
term intelligence gathering, it should be reexamined 
as a potential tn~et. Until then, the physical 
characteristics and the location remain as nebulous 
as the function and need not be considered as 
distinct from elint satellites in thti Cll1Tent concerns 
over the configuration of a U.S. antisatellite 
i.Jstem. 

Jt. heci4ion N.wigatum Sa.tellitu 
~ Prt'~ision navi!{ati<ln satellites are projected 
to appear in the early 1980's. It is not clear whi('h 
military role will be assipled to this new ~apability. 
The Soviet.~ can achieve satisfactory soft-tAl)(et 
accuracy for their SLBM and lCBlt forr.e with their 
current technok,gy. Should they find it advan
~eous to use a navigation satellite to improve 
the accuracy of their ta.ctic11l ballist.ic missiles, 
the existence of the satellites would place our 
troovs at rirk and the satellites would become 
attractive targets. It i1:, not likely, however, that 
an AsAT could be made effective in such a time
demandinJ! role when the flight time to high 
altitude is so long (2 to 5 hr). Another role for the 
navigat.iou satellite would be to ¢ve the Soviet 
SLBM force a real capability age.inst our hard 
targets without the need for !\iimificant improve
ment in the inertial iroidance equipment or. the 
submarin~ or i" the SLBM's tl,em!,<llves. Shou!c! 
this role c::ome about or appear irnminent, the 
navigatil)n satellite.~ would indeed be a serio11s 
threat to our forces. 

aB8H'f 

Sl'ACICII~• VHOC:ITY YICfOII 

~ ln summary of the above discussion, we have 
a revii;ed target list, as ~howl\ in Table 2. Here, 
the list, from Table 1 ha., been partitioned, for the 
reasons stated above, i. • ~~ groupin~: target, 
satellites today, satelliTP • r hecome attrac-
tive (n-,cesse.ry) targ1 '.:... -::i. that are not 
now and 11rc likely neve: , h .;·hilc targets. 
The b,1s1s for the choict' ;:,1 . ,e un:t group is, of 
course, that the cor,tinued e;:1,tence of a particular 
satellite or set of se.telliteii places U.S. forces or 
11~sets at a significantly hi11:her ll'vel of risk. The 
second group, pos., ible targets, conRists of three 
satelli~ whose existenct> is foreseen but, has not 
yet m11terialized, 11. military communint.ion :.;i:.lel
lite, and a newitenPrat1on photoreconnais1:1ance 
sntellile. lt should be recalled t.ha.t, Molniya 1 is a 
valid ta:-get only if all othel' 1>are.lll'i communica
tion links are al:iO attacked. The last irroup p<111e~ 
no threat to the Unite11 States in their pre~ut, 
emp!oym1mt. Should their mies be chan!.;ed, these 
~tellites ~hould be reconsidered as possible te.~t.-.. 
It. is unreasonable t.o categori1.e these s11tdhte:; 
as targeL~ jm,t becau.·<> they might po:;.-,ibly be 
u,-i>1I in a limite,l m1lit11ry way. 

~ The ~ atellites that are perce1vecl to be target..; 
for 11n early U.S. A:.AT ,-ystem are shown m Figs. 
5 through 8. (11

) 

B. ORBIT PREmCTIOS 

~ Once the satellite target fo,l has been esl11b
li,;hed, it i,_ important to determine the accuraC)' 
to which the orbital parameters of those satelhtt>S 
can be measured. The predirtion error (volume of 
uncertainty) contribute,. to the maneuver nulius 
re<1uirecl of the kinetic enPrgy intercqtor. 

~At •he prr:-;ent t ime there are a number of 
ground trarking station~ that provide data on 
which the ephemerides of satellites are based . 
The space detection and tracking :system, 

JDR 18!. 



l 
l 

> 111 I l I I l l l I l rn ~: f I-
"""0eAalf IOUII •AIIIL 

TO, VIIW oUIO INTUIJJ-TIII 

--17..J•----

SIOE\'lnl 

Figure 6. Ellnt ocean reconnai1111&111X' satellite (Eo11,tuT). 
(Figu1t- and figure capiion both claesilied~ 
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figure 7. F..stimated configuration of thiroi-ge11era~on 
elint satellite (s~urce:· Ref .. 12). (Figure 1U1cl lig11re 
,•Aption lx.ai cluslfi~ 
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, •~ea..w.:a 2. 

SPADATS,(") has two primary operating senson;: 
(1) the t,·acki~ and detection radars at Diyirbalcir, 
Turkey I which are now at lea::it temporarily inoper
ative and lf) the tracking and <lett>rtion radal'!I 
at Shen.ya, Alaska, which are to be replaced by 
a pha.sed-array radar in the nea.r future. In addi
tion, tl\ere are a number of contributing sensors 
whose secondary missinn is satellite tr1"!king and 
that respond when available to requests from 
SPADATtl. These sensors include: the three ballistic 
missile earl) warning syst<'m {BMEWs) de~tion 
and trackiug radars at Thule, Oreenll'nd, at Clear, 
Abs't;i, and at Fylingdales, England; the FPS-85 
radar at. Eglin Air For.:e Ba..-;e, Fla., the Air Force 
t.rack:ing radars a~ Ascensi~!l anrf Antigua Islands; 
tt1e Lincoln Laboratory Millstone Hill radar; 
and the Navy-operat.ed space surveillance syst.em 
(SPASUR) radiometric interferomet.e.r. 

~ Part--time contributors include the Air Force 
Satellite Control Facility, tho perimeter acquisition 
radar (PAR), the Kwajalein Missile Range Radar, 
NASA tracking and detection sensors, and selected 
intelligence sensors. Bakel'-Nunn c,uneras are not 
considere<l here, because of their loog response 
time. 

~ When both the NAVSP.ASUR and tht' FPS-85 
are available, they complement each other. The 
SPASUR notes that an cbjer.t ha..., penetrated a 
"detection fence," alert.<; the FPS-85, and fumishes 
it with "look angles." The FPS-85 is then able 
to operate much more efficiently because, without 
this alerting, the FPS-85 wouid spend about half 
i~ power in search. (1s) Figure 9 illustrates the 
locations of some of the sensors that can be used 
as part of t.he 8PATIA1'S system and shows their 
visibility circles. 

~ A study is now in being to inv~t1gate the 
cap11bility of t.l,e SPADAT~ ,·ystem a.,., it i,; pl'ell('nt,ly 
const;tute<I and to recommend th~ quality and 
locatior, of ailditional or alt.ernat,e senso~ that 
might, be used to upgrade the system if nee(! be. 
The study, tentat.ively titled "8pace System Ntit
work Evaluation/Optimiut1on," is sponsored by 
SAMS() and is being performed by the Aerospace 
Corp. The result:<, when publishetl , will provide a 
valuable insijZ'ht into the sy,-lem. The lai,t i,1neral 
stnlly of the SPAUATS, publishetl in 1965,(11) 'l\'&s 

performed by an 1111 hoc worki11, group reporting 
oo ODDR&E. 
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Ref. 12). (Figure cl.Msilied ~ 

~ In it.,; analysis in :support of the Ai, Force 
Miniature Developm<'nl Progr1UT1, thP Au· 1''orre 
SPAl>ATS say:- it expt'('t:< to be able hy IOSO to 
pretlict ,;at~!lit~ lo<'lltion 24 hr ahead with un 
"equivalent l'pherical error" or a nm1 for low--0rb1•. 
earth ~tt-llit(>c<. • To ,lo thi,-, it woultl u,;e the 
current sen:-:or array and ,,pec1al comµut~r pro
grams. For :-att-llite:-. tt higher altitudt'l'. wher<' 

•~ Today, for 90 pt'r<:t'nt n( th~ Ju,.·•t'ltitudt> "Mtellitl"l'," 
the IM'tlt ~iti<1n dl'tPrmin~ti<1n !It the 1111,~ t mutiu,· 
measurem~nt i~ ~t.a\~1 in P.~f. 14 \<1 Ix- 12 km, <lT i11xlut 
6 n1ni. 

SfiOftMl 

the ~nsor &nl!ulr.r error !!Ive,- greatttr poi-1tlon 
11nrert1tint~·. the "eq ,,1valent sph('ri('al error" is 
expecte<I to be 10 nmi. Hiid1I~· elliptiral orbit~ 
surh tl"' •.hat of .\foi1.,yo. are not di,.;cu..,_'14!1.I, b,1t 
when u -..ewor i, an11h:ble £or l11:<lttn!!, one would 
expect 11n ('r;·or of about 10 nmi. {'()n,idering the 
:-en~or locs 11011. 

~ Of rour,;.e, the error of lxation of a low-orbit 
aatellit(' 1, Mt 11 ,;11hel't' but au .-lli1.,:.oiil h1ning it,
long 1uis alont! tra<'k. berau:-e or uncertaint.'1-" in 
the drflj!. For these orbib, the drag magnitude is 
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uncertain enough to generate errors in this dimen
sion from 10 to 20 times that of the c~track 
or radial errors. A-~ th1; altitu<le increases, the 
drag and the along-track uncertainty decrelL'itl. 
The measurement err,r finally dominates, the 
em>r volume assuming l spherical shape. Above 
1,000 nmi, the con.~tant angular error lea<ls to a 
linearly inctea.'li~ error volume 1limen1:1ion Y.ith 
increased altitude, and not a coO£tant 10 nmi &.'s 

i., being r..on.,:;idered in current ASAT studies. 

~ A recent ADCIJ~ technical note('') includes 
several -;et.-. of tracking ,lata anil predictwn.-. made 
from them, as ""'ell as an a.oaJysis of the ent'r in 
the prediction. While these data do not constitute 
a sufficielltly large ba.~ on which one ooul<l predict 
future r.apability v,ith any real as.,;uranu, some 
u:iderstanding of (lrbit-predic tion limitations can 
be obtained. The radial and out--of-plane errors 
for resident satellites are indeed small and are 
nearly equal over a 24-hr-ahead urecJiction interval. 
Veli;.es of th~~ errors of Jes.5 than 0.2 nmi are 
typical •·ith 1le<licatetl tracking. The typical value.., 
of along-track error are large compared to the 
other t1'·o, sometimes &."- much IL"- 20 times. From 
these data and further discussion.c; with the AD 
COM Chief of Astro<lynamiC$ Application(11) it..,,.&.., 
asserud that one can expect accuracies (pre<lict.e<l 
ahead for 24 hr) of 0.:J nmi (:lo-) in the out--0(-plane 
and radi"1 directions anJ :i nmi (:~) in the al~
track direction for ..atellites below 1,000 !I.Dli. 
This expectation a.c;sumes no new sen.,;or, no curtitil
ment of existing facilities, no traffic overload 
problems, tracker tltsking dedicated to the de:;ig
natecl {e,i,· satellites, and t.he routine use of what 
are 0011,· special perturbation algorithms in the 
data 1e1:uction. These accuracies do not apply to 
newly launched satellites or to orbital altitudes 
11bovc 1,000 nmi. 

~) While the required arcuracies to meet these 
antisatellite capabilities &re expected and freely 
predicted by the Aerospace Defense f'ommanrl 
and the Fourteenth Aero.,pace Force, there are 
still several areas of serious concern. An analysis 
memorandum of tbe Fourte.:nth Aerospace Force 
titled SPADA TS Orbit Predil:tion C11pabilitit.1(11) 

~tates that : (1 ) to meet •,he space defense capabil
ity required by ADCOM, an abnormally hqrlt
level dedicated tasking for sa..ellite tracking 1~ 

required of the prime sensors (two of which &rt' 

no longer operational) ; (.t) there is no currently 
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available analytical method for selecting an orbit 
determination interval (observation period prior 
to the prediction interval); and (~) actual (11 
posteriori) observed values or the sola.r radiation 
parameters during the prediction int~rval were 
used. (Knowledl(e of these sofa, parameters is 
not an operational capability; and if it is ever 
achievable, it will not be available for at least 
10 yl'VS.) These are rather serious deficiencies for 
a system expected to provide accurate orbital 
parameters on a r<-utine basis. A detailtd out,.of. 
house study is needed to exsmine the capability 
of the current and future SPADATS, either to 
confirm the capability of exi: ting sensors and data 
red11ction facilities w meet • ·e Air Fo1·..:e require
ment or to identify revisions in the tncking and 
compt•t.&tional system that will provide the predic
tion capability neces.w.ry for au AaAT. 

~ Another principal area of ooncem is the ~ugges
tion that SPADATi! become a by element in a 
weapon S.)Stem• rather than just, cataloging space 
objects. Currently, SPt.DATS operates in a rather 
leisurely, non~&ltime moie and, to beoome part 
of a real-time wea~o syi t..t-m, it will require a 
signific&Jlt change it q>era1.;,,_.,. procedures. 

~ It is not obvious :1,at S 1 WATS (&.q CllJTently 
constituted) can ever 1K. · ,Ttli> :,ucb a highly time
critical, key element in t~e syst.em. Jt might be 
better to create a new Ol'!'\!'ization th!i.t would 
perform in the manner nq:-ired than to task an 
existing organization unrea.~onably beyond its 
opeNting capability. 

C. E!,GAGE:VENT GEO)IETIIY AND SYSTEM RJ:,' C'TlON 

TJME 

~ The engagement geometiy invohes ptn.meter.; 

that have a substantial effect ,,n ·.he perfonnance 
~uirements of an AsAT syst .n. Of particular 
interest are the advantages and }mtalties associ
ated with a quasi-<:o<>rbital approacl, t1"&ject.ory, 
in Lliat this trajectory is "hat ~ein; : ·1 ·Jd in the 
001:, existing AsAT today, ar•! ·, 3 what was 
str r.gly SU{?gested by ODDR&L ·'\ ;at.e 1976 
as the approach to be followed for the ;(H:&lled 
",;1tnvent1onal" ASAT. Elements o( tl.e engage
u1ent i:teometry that have a Slrofi¼ .. i,:1e-raction 

•~ A8 part of tbt c11TTent Miniature i.'zvek,pm,nt 
Program, tbr po!l!ible involvement of SPADATe iJl • ' niS!lion 
control subeystem ia beia,: eumioeo. 
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includo the prt1viously discu~ SPADA'l'iJ t'rror, 
the intercepoor poejtion and velocity em,m at 
the beftinning of the engagement, and the relative 
velocity bet.ween t.111e two objl!(:b!. Drivin1~ the 
design of the system, of cout'!le, ii; the range at 
which the ~t e&1n be detected, as was true of 
the Soviet system design. While detect.ion range 
is not discussed in ,detail in thi-. section, its im
portance must be borne in mind. 

~ C-onsider the qu1asi-coorb;tal approach geom
etry used by the :Soviet& in their AsAT tes~. 
Havin~ the ABAT in almoet •be same orbit. as the 
target satellite make:, the relative velocity betweea1 
the AMT and the target ,;ery small. By careful 
application of thrust., tbe attacker can extend the 
engagement time to last as Ion~ as is desired. 
For example, one cc:mld implement an inspection 
system for use 1>rior to the inuitt.cption and 
destruction of the ~t satellite, as was con
sidered in the SAtN1~ program. 

~F•1rtber ad,·antaiges of a low relative velocity 
between the two objt!f:t6, and therefore a I~ time 
,,r e~"t!ment (for a i;ven acquisition ran,re), 
indude the provision of sufficient time to lk1int a 
diredfonal warhead (di..~ustied later) and a re
luation of the t1ttJher senou!I requiremcnw on 
fuu timi~. 

~ Thf' pric.s one pays for th~ advant.a,.."es U'f' 

la.rge on~: 

• The interceptor must be boo!lt.ed kl orhit.al 
rather than suborbital velocities. 

• The time of int.e~ption cannot oo ~verely 
ur,.."ent, because it may take several orbits 
to achieve int.eirceJ>tion. 

• The propulsion syslt"m may r~uire dual 
thru!l•..ers per aicis-llJl!e en1-,rines '..o :>btain 
the laterfl.i reacll-1 neetled and small e~nes 
to obtain the preci~ control needed to 
effect tenninlll homi~ mterception. 

• Finally, the kinetic enei,zy clelivettd to the 
tarJ?et must be, produced l\lmost entirely 
from the explosive in the warhead that 
drives the pellets,, rather than bemir i:enerated 
mostly rrom the relative velocity bet .. P.en the 
AsAT inwrce11t(Jlr and the ~t 1111tellite. 

~ Since it ii. hiitJ,ly unlikely that the orhit 
plane of the ta.rµt,t satellite will pasi- throuJ.!h 
the AsAT intercepto:r launch site at the 11reci~ 
time required for u launch inoo an inten-ept 

• 

trajectory, then! will be the necessity for • plane 
ch~ at least a,; peat L'I t.he offset angle at 
launch. The optimum (minirnum-•ntersection
angh,) point at which to change plane11 in the 
inl«a!ptor trajectory is on&-qu&rter orbit <lown
ran~ (or any incremental half-orbit later), and 
therefore the interceptor should be launched into 
the inclination th•t provides an intersection 
one-<Ju&rter orbit from launch. The velocity 
added at this point for low earth orbits is about. 
450 ft/sec per d~ of plane change desired. 
The minimum !ltep--over distance (between subse
quent orbital IO"OUDd tacks) for a low-oroit 
sattsllite is about 22° of longitude. Tben:fore, a 
~•tellite must always come within I 1° of lo~t.ude 
of the ASAT interceptor launch site. The require
ment is then set by virtue of having, in this illus
tration, a Ringle fixed launch site (tbat is, Tyura-
1.am) at about latitude 45° N. to provide IJ1e 
AsAT interceptor system with at. least 3,500 
rt/sec or velocity for the sole purpose of plane 
changes.• 

~ Another n!<IUirement. for the AsAT system is 
becoming •111,uent- that of ~he field of fire 
available to the launch site. If it is 1lesirable to 
use the quaai-foorbit.al •11proach and there is 
but one launch site available, it will be necessary 
to havu the freedom to launch almCJ!lt Jirec:tly 
into the inclination ot the SMtellite to be attacked. 
Lauuch w-,uld take place when the phase angle 
were correct for the orbit.al p~ nearest the 
lawich site. 

~ The would-be AHAT system synthesizer should 
now beinn to appreciat..> th!! strong interactioD!I 
amo~ t.he e~ment ~metry, the number, 
location ancl restrictions on the launch site, 
and finally the system reaction time that is re
quirerl of the A.'IAT in response to an orler to 
destroy II specific Slltellite (or satellite set}. 

~ If multiple launch sit.es w1:re possible-two, 
for example-they should be ~,,araw .. 1 by 11 clctt 
or :;;J deg or 55 de,?, etc., so a:,i to require th11t 
11 satt-llit<' pass within 5.5 deg of 01,e of them 
and thus a<-hievt' the ~rreaf.est. reduction in the 
propulsion rt>quired ta perfonn a plane chani,!. 
The location of the laund1 sites relath·e to the 

~ It iii ~illl!'rl that t~ l'nuld he reducm in e«,oe:t 
hy combining tbi., ma!lf'unr 1111th otbeno, if othe,.,,. of 
equival~ot ma«nitude •-e ~wred. 
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figur,, 10. 'lypieal orbitll ol • aak'lliw la u ll.1-<lrg illdinNt omit roua11ng from • eouthf.m pa119 ntar Hawaii ADfl fll"lll 

Nl<'OUllll'riDfl Ow- 6'-hi ol flrt a,·al.labw from \ 'AMN1be'11 Air ron,i, l\Mr- for a q~tal inLl'rt'f'pl. 1•·1gu,,. 
uaeJ ..... I.) 

position of the satellite,, in ita orbit whftn thP 
onl.r to attack is iasuNI ill important, bfocaUlWI it 
is ~ to wait until tbf! saullit.r orbit n~ 
the laun<"h sit.fl in order to at.lark u.ci~ thr 
pl'flvtously clftK'ribM modr or OpPtation. For 
rxamplto, ;r a t1atellit.e wer,, in an 8:J~le,: inclinPd 
orbit an,I llUBUlft Hawaii on itll • ·ay 80uth "''hNl 
tbf! order to att•clt Wf!rtl ~,-f'fl, lhP fil"Bt 011por
tunity to ~und-launch a U.S. AtlAT out or 
V■ndrnbe'l! Air Force Bue woulJ not O<".cur for 
at l~t 21 hr. Jo~n, 10 shows I.ht- W')und t.raclt 
of such a sat.ellitf'. One can aee that the first time 
tht1 s■~litfl puees near '\' amlenbf!r,: ~ in 
sur.h • ,lin,ction that a quasi-roorbit.al e~mflnl 
~metry can bP mfoniNI is on the 14th -,rbit 
afur the order ~ J..'lYeD. 

~ 1f system react.ion time •·ere ~nlial, a 
numbtt of options would be open, but not all 
mi1,,-ht be atn!ptable for one re.&.iOll or anothf'r. 
TIM, opt.ion.~ ~ di.'l<'usst!d below. 

~One could launc ... into & n,~f' orbit out 
of V andenbe~ Air Foree 8a8f! intu the, plam, 
of t.he ~t and pt,rfonn the intf'lttpt whfl"' lhf' 
relative velocity betwt1en thf- AMT intMr.eptor 
and the tar;et satellite (t.he sum of the actual 
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\'t1IOl'iliffl) i11 on lhP ordf'r of ,wwer■l ten." of 
th<•usuidi< of fN!l per _.und, rather than a few 
thousand (thf Jifl'ettDN' m \'f•locit.y). While sur.h 
a 1,."'6metrir vran1,.,..mfln! ran be tntil"f'ly feasible, 
for t.~·pir&I radar ~l"L<;(1r ,let«tion r&nf.!'l'S it dc>eti 
t"fflUlt in a total f'Dl,...,.,~Olf'nt t~mf' or. '""" :ieronds. 
l..on1,.'t'r ran;:.- · ~n.'IO~, :surh ,..., ,.._.,_.,i,·e lo~-wa,·e 
mfruNi, would extA>nd tilt Unit" to a (e,w t.Pn.-1 of 
r,«onds~till not a !lf'IU't.lul solution in vie,w of 
thP st.a~ of thfl support.in~ propuli.ion and 1,?1,tidanl't' 
technol~. 

~ The ~"' s&f°f'ly hmil.:. or thf' Vandenl>f'~ 
launch SIi~ could ronct'ptually I}., alteroo ~) ..... to 
allow a lau11rh an th• examJ•lo 8:i-<ieit orbit in a 
rorthPL'IWrl~· di""'-LJon, reclurini: Ult' c.imfl t<1 

initiate t.ht> t"~"f!'llmPnt to lflS!I than 12 hr. How
f'Vflt, such 11rtion would ri.-.k tht' t;,•~ and property 
of people alon~ the~• tnajN"ton~. 

~ A numbt>r of launrh silt>S rould bt- built, 
~ftrabl~· on i:J■nd.~ whf'N' t.hf'l"t' ·nay be a nearly 
all-uimuth field or fiJ'f' a•;ailahlfl. Thill is a ,tirect. 
but expensive, !lc>h.1tion to the prohlf'i::, and it.8 
implement.at.Jon would de11f'nd upon tht" perception 
of national net>d rtdative to t.he rom('lfltition for 
the funds available to ctereruw-. 

8HeftM' 
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18)" Mobile launch platlorms have been CODBidered 
from time to time u having application. not ooly 
t.o the- launcb-mte selection problem, but also to 
the potenti.aJity of a covert launch as a counter
countermeasure . .Although a surfa.ce ship would be 
Ul ideal platll'TID, it would be unreasonably expen
sive to dedicate a veaeel large enough to be 
practical to this mission. A missile-launching sub
marine would be well suited to tae on this addi
tional miaeion, b••t the cunent vi~• of the role of 
rnissile-launchi&g submarines is I.bat of offense 
against ground targets, and it would take a stzong 
hand at the ~lm to alter that view, even though 
the principal U.S. asseb at risk from cunent 
Soviet operational weapon-MBOCiated satellites 
are capital ships or the Navy. 

~ An air launch of an AsAT is not unreasonable. 
Current efforts of SAMSO are to develop a minia
ture inw-ceptor that can be boosted to an apogee 
atsatellitll altitudes using vehicles auch as modified 
short--range au.ck missil'8 (8kA11's) launched from 
F-15 aircraft. Recent demoostrations have shown 
that boosters as la,ge as AliJ&~ I can be air
dropped and fired from C-U aircraft. Jn..bouse 
studies by Lu¼heed ~rgia show the feasibility 
of using other boosters and oth1.-r aircraft, such 
as the C-Hl. 

~An airmobile boostn b~ several advant.aget; 
and disadvantages that are summarized here. 
Potentially, • jet cargo aircraft or an extended
range fighter could, in t.ime of need, be diverted tn 
a site in the fu northern latitudes and be fitted 
with an already checked out and prepared module 
(or modules) containing the completll A.sAT system 
hardware. The aircraft could then fly (with a 
much short.er tnnsit time than a ship) to its first 
possible encounter orbit and (perhaps have the 
range-safety freedom to) launch t.he AB.AT on it& 
mitision. If the payload were sufficiently small and 
light (implying the success of the cumnt miniature 
AsAT program), the aircraft could salvo agamst 
high-priority targets, proceed to the nut poMible 
encounter point, and retire in cue of failure of the 
first 1aunch or proceed to engage a second ate.llite. 

~ Tbe arguments againat. such a scheme include 
the availability of suitably modified aircraft with 
trainea crewB in geographic lc,::,.t...ic,ns from which 
such an operation could be c:arriNt out. Mcdific:s
tion kata, while not complex, could lJ" expensive. 

----- --·-· - : . . 

F'igure 11. 8etellne in~ pollld,rJ. 
(F"ig\11"" uaehMlfied.) 

Availability of aircralt at Li.mes of high nauonal 
readiness would be questionable. Crew training 
would be both expensive and t.ime oonsumiog. 
(Similar _arguments apply to ship~.) 

"te) Since ming the poeit.M>n of the launch point 
at the time of latmch is as important as predictmg 
the position of the satellite i.t the timr. of intffllept, 
these aircraft would have to be equipped with 
navigation devices poesibly of a quality higher 
than their usual operational Dfleds. J.ddint:; theae 
devices might. repnment a nontrivial co&t con
sident.ic,n. 

"tS, .hother c:Nldidate mode of operation that 
wou!d be responsive to the requirement for an 
intercept in the shortest possiL:.e time aft.er the 
decision to i11tercept we~ made ui to launch the 
AMT interceptor on a direc~t, but suborbital, 
trajectory ,,uch that it Cf069eS the orbit plane of 
the sa~lite at the time the satellite is there, not 
waiting for the orbit of closest aoproach . .Although 
time responsive, this scheme is not conservative 
of energy and may induce severe tecbntJlogical 
problems. 

~ r>epending on the field-of-fire limitat.ions of 
the launch site, .he engagement could take place 
within a few hours of the d~on ro launch. The 
en!!',~ment would begin with the velocity vector 
of the sat,Jllite substantially different in direction 
from the velocity vect:>r of the interceptor. Figure 
J I !lb.nrs a representation of a typical mcounte:r 
geometzy, and t.be additional propulsion require
ments to perform in the crossing-course mode are 
calculat.ed below. 

~ As was descri~ earlier, the shape of the 
volume of uncertainty for low-earth-ori>it satellites 
for the Suo.a.T& is an ellipsoid with •.he longe1t 
dimen'lion along tnck. Collinear inw-crpt schemes 
using oo-boud homing 98D!OJ'8 view this Ull'Jer

tainty essentially from al01.g the satellite tnck. 

l!>ll 187 

- • --·---- - ---
! 
i 

! 



BHURrif 

Soml' !leheml't, allow tbt> :111t111liw tu l'&tc-h u11 to 
th" inwroepl(1r, whett._ .. othc-r.-~vc- tht< interct>pt.41r 
the vel()('ity adv&nt&!Cf'. Utuif'r th~ ronditiun ... , 
tht' alo~-tnu·k com1,ont>nt of t'm1r, E.,, 1hlffl not 
N\t.f'.r into I ht> rom1u1t•tton of 11ro1mlsion l't'(1uin,
ment."I. Howr,·er, if tl1eN' ii1 " subiit.antial an,.tlr, 
shown a.,; I in 1'1~. 11, btotwN<t\ tht' ,·t1l1k'it)· 
,·...-tor uf the ~ltlllitc-, \ ·.... and thf' ,·flloc-ity 
vP<"tor of th«' int.-l'l't'tttor, l'i ... aucl if r .. , is not 
t41nall <·011111llN'<I h• \ • .. ,, tl1Pn thP on-board :;('t'i-or 
will ~ a COIIIJIOnflllt of Ji:.,. 

~ U, u ~ho•m in thc- fi.,tN", tl1t' actual lk~tlion 
or thP !a&t.f'lhte ii- ht•hin,t th,• .'ltl)t'l"t4'tl IM\Sition, 
the interof'J1tor must l:11,·r a lowrr \·t'locit~· in 
order tn m1kt' th.- mlt'l'N'pt.. Tilt' adju.-<tmfflt of 
the n•l()('ity i~ iudr1,c,1ult>nt of an~· othfir rorttc'
tiooll that must ht, mMic> t" take, out Ult' 1'14tia1 
or <'~•traC'.k t'ffi>r.. frort SPA IIATt;. 

~ The ,·doc-it)· ffitt1irt'll r. 1m1al tu \ ',.i and 
nonnal t.n \.ht' lintt of si,.rht i:< 

.,. - ;.:,. ~11, 
... ,.,.-- T-.f 

wllflrt' r., is th(' time, of fli,.rht tu tht' illlC'rt't'pt 
point. SinC't' 

whtt"' Rv i:- thtt ran~ at 11·hi..-h tht> intt-n't'ptor 
c-an bt-¢n to maltt" C'Olff'('liorui ha.o;('\1 on ,;en:;c,r
arquirNI dat~. tht>n 

But, hy tht> In· of sin~. "·r h11vl' 

sin f ~n-1 ,·,.. ,· .. ; 

~ Thus, it is ,;t't'II that thl' 11111:itmnAI vrl1Wi;~• 
fNtllin-tl snit-I)· to lt1kr 0111 th111 rom1111nr11I ,,f 
l'\PAIIA~ error alon~ tra,·k is pn11,ottional lo tlw 
ml,ftTlit111lt1 af tht' ttrror, to thr sint> of 1hr ■n,.!lt> 
bt't-'l\·t",.:11 thr vt'l()('it~· Vt'l'lor.-;, 11n1! lo thtt ma,:ni
tmle of thtt int.-n~11tor n•locit~·. It is in,•t'n.t>I~· 
pro1,ort1onal to thr ran-,. 111 wh,..-h thl' c-n~•n~nl 
i,: ,n;tiat.-cl. 
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~ An extn-tn( ,•Mfl Mi11ts 1n 11·bich tl1t1n, i11 • 
l11)Ct' rr&.;. .. in,: rou~ al\.ll • h~h in~ptor 
,·teloc-it~·. l'U<'h ..... m~t oocur wht<n a tim~W'J(Mt 
int•R'f'Jtt is n~ry u11I tht' satf!llite ,m,ler 
fit'(' is :;(\\'t'l'III orbit,i n·ay rrom thl' APMT int.(lr
C't'lttor launch slit'. If on" a.~umll-"I -1=46 1lt'f( an,I 
" sat.-llite «'l'hemf'ri."I t>m)r of ;1 nmi alotllf trad,, 
with a !M'n!IOr r.apability allo•·inJ? thf! e~ent 
to st•rt .,t a "Ill"' of 50 nmi. tbt1n tht' a.Milional 
pro1111lsion l't'({Uil't'tl to roMl't·t fot the •lo~-trlld[ 
NTOr amaunt,i lo 42 rt ;~• JN'• 1,000 fl/lW!C o( 
intfll'N'tilot \'t'loc1ty. 

'N From tltl':<f' ral<·11l11t ions, it is .. .,.y to ':'«' what 
pric-t' in a,l1htior111! 11rop11lsio11 mui-t IK' pai,I for 
t imt>lin~-. of intrn'i'pt obtainNI ,·ia a <'~i~-
1·ou~. 1lil'N't•11."'('Mlt i1,1.-rne1•t ~etry• .. FurthM. 
it al!IO t>0int,. 1111 the l'l'!if'f th,u m~t hf' obt•int1tl 
throuich bf.tter satt'llite e1,h«'ntt'ns pN'thction 
t«hniquft- arnl ~1114("'- havi~ lo~r (l'fft'C'ti\·e) 
rahJtl'. A la'lt" 11ro111•l-.io•1 unit siu.l to ,lc-ial with 
thtt la~.• ,·.,lori1,· tnC,'t'lllents hrou~t about by 
thP 1n,~ull' of e•rly n~tion m•,· well ht, too 
la~ to ht, ,lfl'('ti,·«' in thP t>ii1I i,u11t1, "''ht'n> '.ht' 
i11tt-1Tt11,tor mm:t n'lhl<'I' th .. nu"" ,li!itanrt> 111 a 
11rN'il'f' numtll'r to "'·ithi~, thf' ll'tl1al ral~ uf th, 
,urltt'ali. 

,-,) II has ~'«'ti >IN'll in lhf' a\Mwtt 4lisru,-.;,"' that 
tunt'lmt>Sl- of n-,..1,on~ flln ha,·t> • l11!)..>t• lc-v,•ra~ 
1•ilhl'r nn tht' l,1t. .. m,: 1'\'lj\ll~I to ,-11p1,ort 1111 1ntc-r-
1·ttpt a short I 1m1• 11ftt•r I hr on Irr i: i-.,;u,-.1 or on 
thr t'M'rfom11nw<> of lhf' A~.n mtf'n-tt11h1r ~•1b

s~·:dems, 

~ Whil«' th" l'l'l\llil't',I 011Prational ,·apahihi., 
,lor,m1t'nt ( •· 111) tli:<('u~ tht> nN'II to n~t.
ntt'l\·I~· l111tnfhf'II i-_1f'lli1""' 11·ithin t"·o rt'vohttions 
\i~ ,le,:) m thttir orbits an,I lo nt,.'llt4' thr IOtlll
lt'ffll ~i,lttnt S11tt>llitt':< ""'·ithin 24 hr. lhl'rf' i,; 
little- su1,porl in that ,loc11n1enl for t'ithl'r m
,1111n>mt>nt . 

~ 1 .... , us ronsi,lrr thC' l't'l\\lll't'ntl'llt 1t1 ,1...,'lltt' a 
llt'\\·I~· l1111111'ht'1I sat.-llit.• ht'foN' it has com1•lt1tf'41 
720-df'J! 1·1•ntral an.,_.\., from li111nrh. Plt,,,('t,4 is 
I hr launrh sill• most oftc•n 11"4'\I fo1 fCl'tllllllli"-"*IIC'fl, 
,111111 .._.._th,•rmt:, 11nd -;11n·1•ill11nn• "llh'llil<" l1111nrh1~. 
alt ho11J?h t hr Ktnt:H T nml J1:11RllA , . C'tlll\l' 1111 I of 
1\uratam. J,'i1,.'lm• l:Z show~ thl' 1,tn114n1I tr.fl, of 
sa1.-llitt'!i l11111w1 ... -.1 from Pl,~t:o.k to 11 1110-nmi 
rin'ular orbit for tht'ir first two h'Volutioo~, 720-
il(l? 1·rntral iut,:11.', u:tillJ! thf' ran~ of inc-lmal i01,~ 



Refe 

Fig,are 12. Grol!Dd tradt ol &rs\ iwo 
<'fbiu, 100-nmi circ•~lat inclina
\i.._ ot 63. 73, aiod 83 deg. 
(F°Jlllff ~.) 

(6-1, 73, an,I sa 11~) normally 1-.sociat"I -..·ith 
th&.1e :(;ltelliu,,s. Duril!lfP: the fir.;t t•·o orbit.,;, 
:-atellite,, •·ith these orbital :ndinl\tion.,; vin· 
littlf' that j,. of strategi<· importance to the UnitNI 
States. In,lttd, there might be ,;omt' cOVf'!"&I?\' .,r 
South America aml ,:on,,i,lerable coverage or 
West.em Europe, but there is little of stra~ 
importan('l' there.• It ont were to make the 
a11rument on a tactif'al opel'lltions hasi,;, there 
1roulcl be mo;e ~n,I.: hut if ,;o, the que,;tion or 
• ·hen the 1l1ta ,ue acqliin-tl ~,I l"t'trievflll beror.-ies 
paramount. First i., the question of tht q1111lity 
of early "tthc.-mt'ris 1lata. N> little is kno-..·n ol tbt' 
SPADATl! capability (1) to ,let('(:! the launch of ll 

Soviet ,_.tellite aml (fl to c.alculate thf' :!phemeris 
ba.'leCI on ·,thatt\"t'r ~l'AOAt,, ,;ensors are 11\ailable 
an,l •·itb the po,«ible .,...,.i.-;ta1,ce of other non• 
SPAOATS ,ien!<Or.-. that ,.tittht be available •t times 
of h~ stress, that ,t woulcl ht, ,iifficult to pn'tlirt. 
ho~ onf' •·oultl operatt ,.,ith potentially ,lepadttl 
ephemeri.~ ,lata. An al~~mativl"-even le,-.._ attrac
t ive-i!l to make the int~rcept after the reron
nai~ncP datl\ a~ acquiTt'<I \>ut ht-fort' 1h,y are 
dum1lNI. Unle,,.-.. thf' C111tte.l ~tale,; could ei<lahli.,;h 
a b..-<e from 11'h1ch it roul<I cl\.rry out it~ ASA T 
mii-sion ,luri~ that i-l10ort time betwttn tht 1'1tel
litf''s ,Isla acquisition over the ~tetliternnean 
Se.a, for exam1tlt', Ami thl' po~ible ,lump of its 
,lat• a f,•I\ tf'n~ of sninut~ latf'r over its homelanil. 
tht' Umteil ~\.at~ \\'OUM be hanl put. to enfoJtt 
tbi.-1 requirPment .. 

~ W,1rl<hri<le, u....-iul phot,irrN111n&lllMD(1' !late co.ilil hf' 
obtainc'<I in tlk- li~t fr• Ol'bit,, only if t~ So,·in,, hrokr 
thr.ir lon1t-~tabli.~ pra,rliet> of laundlin11, int" only 
ibeoe ~wrcotypcd inclin.~ioo::i. 

8B8M'P 

~ A q11estiou of operatiooal checkout shoulJ 
also be rai.~I . It "I'~ that. it .-oulcl be possihlt, 
to make the fin-t orbit of a phot4reconnaissance 
,;atellite a data-ptherillJ! orbit, if u.'if'rul informa
tion ro11IJ be obl&inetl on that orbit.. The tech
noloio· is '!\'ell kno\\·n, ancl ibe terrain badr.pouml 
(for location 1let.ennination) i.-; fix~l f.D1l ~ily 
ulentifu!tl A." one ![00:i to elint or OCl!an recon
ni1i~n«- satellites, the problem ch~ because 
or the lark of a fixe.l ~,I ~r•tero t.o make location 
positin•. Until the ephi-rneri.~ of a ne,,.·ly iauncht'd 
Slltt'llite ii; lo,own and t hf' errors in the satellite's 
l'ttitmle control ~-y!<tem are r.ompensattid, the 
uata 1lerived from it mittht not prove u,;-ful. 
Our 01m experit1n«- -..·1th this t.ype of equ1pmen1 
st4?~L.; that the ~veral • ·ttk.-: no•· requitt~I 
could ht> <"Ompre,,.-..ecl to ,:e,•eral d;•ys, but not 
to I, ,-.,; than :i hr (tv,o orbib). 

~ Clearl,·, the qmck-reart ion requiremmt should 
be reevaluated in the t1ttht of the abon 1!i!'<"ll"-"ion 
ancl other coni1i1lerat:on:-. 

.,._._Al1ematively, the Air Forc.t' ,;houlll recon!'i1ler 
thf' arbitrary stat~ment ~•nh~ th, 24 hr allo11·NI 
for the n~llon of the.- :-at~lttes in reutlencl' that 
thf' Air Force con>tidi:r.- thr.-at••ni~ . A. .. was 1lt,;

ru,-,-:('(I in an earlier ,-.'<' ti1111. some !<alellit.es 11N' 
more threatening th1m othen.. Of thO!-e that are 
thl'\'atening, tht' lt'vel of threat i-. hi,ml, ,lcper11lrnt 
npon the pen-.eivflll 1-apability of the li8tf'llite 
aml its locat;on. For E"xample, at a time ..-h,.n 
mtemational tension is h4rh, negotiat ions han 
hrokl'n ilo"'n anti rea_.;eil, troo~ have bttn ale.rt.eel, 
amt a pair of oc.ean reronnai~u :<atellitei, a 
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Rouu and a Eoa.~AT, are only two orbits from 
the American fleet, one would loe,k upon these 
satellites u candidates for interception in much 
less than 24 hr. In lib manner, in a similar high
tension situation, a real-time meteorologiw satel
lite (Mns.&T) or elint satellite about to make a 
pass over ft est Germany should be a candida~ 
for immediate interception. 

~ It • ·ould Appear that those v,ho per.odiwly 
revise the required operational capabilities docu
ments could well giYe mon- :.erious thought u, 
thl! nature and location of threatening satellites 
and how these woul<l a.fftiet a U.S. MAT system. 
The definition or iystem reaction time alone 
could alter the future of the U.S. system that is 
DOW in the embryoruc stage. 

~ There are substantial interact:ons among tlte 
location, numl»r, and po!'Sible mobility of launch 
sites, the order an<l timeliness of n•tion, the 
accttra.:y of SP.il.lATS, the rtnge capability of the 
M!IL'IOr, and th,e resulting propulsion requiremenu 
on the interceptor system. Thm far in tb analysis, 
a question ol technieaf feasibility does not appear
only one of practicality ancl cost. 

~ For the intercept.or, the JOO!lt benign and 
least en~-tlemanding ~t situation is a 
nearly in-plane (orbit of closest appn,ach to the 
laUllcb site), suborbital, apogee ~try. Devia
tions from this standard raise the cost of the 
system. Payment can be made in tlte form of deity 
in operation, multiple launch sites, mobile launch 
sites, or improved propulsion and/or on-boanl 
sensor. 

$ IC a syst.em can be made small, it will probably 
CO:!t less. In the .A.sM· systems studied to date, 
the boc.st.er and related operation anti maintenance 
costs dominated the system. Therefore, a light
weight wrmi:nal stage, no matw bow costJy, ,rifi 
permit a lower overall cost system. 

~ It appears that there may be targets that ,nll 
require negation 'trithin a short time of the decision 
that they must be destroyed. Under these rules 
and witb tlte desire to keep the system 008t8 low, 
one musi reexamine the roles and mt!l!lioos as.,igned 
to be sa~ed that, ADCOM is the appropriate 
.A.sAT 118el'. In addition, a cost/benefit analysis 
must be pmonued to cousider single, mult;ple, 
and mobile launeh si~es without thfl constraints 
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of current military st ruct~re. For example, 
ADCCJM could not seriously consider the ui;e of a 
luge boost.er air-<lrnpped from a cargo aircraft 
flying from an overseas site. 

~ There are no critical issues, per se, with regard 
to engagement geometry ; tb.t is, there an, no 
serious singu.laritie!' upon which the suc.:".SS of an 
AsAT depends. There is, l.o,rever, ~ substantial, 
though S11btJe, interaction among a number of 
parameurs -.·hich, if not properly addressed, may 
make lht1 <levelopod MAT far more complicated 
e.o<'. costly than it needs to be. The system l"J&Ct.ion 

time, ior e.xample, cloes involve iss-Jes cf.tict.J to 
succet.sful design of the AMT system. 

D. Ml88 D1$1'4NCE 

~ J.. is not the purpose of this M!Ctioo to demon
strate that a ~ific miss d~tance can be aehined 
with a c!rtain system against a certain class of 
targets. The in~t is, however, k discuss thl 
major f~!:to~ contnocting to miss distance in 
suffici:mt depth that we can be ~ that the 
problem of achieving llD acceptably small miss 
distance has a satisfactory solution. The miss 
distance that can be 11chieved is a key factor in 
the several AMT mecbaru.tl'tions that are bemg 
considered for U.S. development, and it i i; there
fore of serious inte-rest here. 

~ The Miniature Development Program (MDP) 
spoo.,red by the Space and Missile Syst,ems 
Organir.ation, AFSC. (SAM.SO) ~ been under 
way for several years at Vought 11Dd also at 
General DynAUlics/Pomona. These lll'1l the cwrent 
elforta on the Miniature Aaa.T, and the heritage 
can be traced in Fig. 1. In this COD.cept it is 
expected that the vehicle it.self can be made to 
collide with the satellite. Each contnctor bas a 
"lightly diJJennt techniqua 111 &o how this ,rill be 
accomplished lrom a llk".baniution view, but 
the end resul~ is the same-body impact. While 
one th.inks of wo mills distance in thi! situation, 
in actuality the DllS5 distance is the distance be
t-nen the center of the interceptor and the 
renlroid of radiatioo of the target. For targe'6 
with large vulnerable areas, there is lfS5 of a prob
lem than for small targt!t.6, but while the concept 
of body hit to kill is uot no,r (ii w~ explored 
rather thoroughly in analysis and flight. test 
during thfl ARPAT Program),('') the success of 
¥DP depends on the miss distance being made 
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•~ptabl)' '-tl\lUI (~ th,111 Ult' ~um of thfo radii 
of tht' II\IC'ttto11tor anti of th.- lllt!l"t '11 ,·ulnn.bll' 
UM), aml lhi:, is \tl'\)llffl." rla.itiM M • lul{!i-mk 
ar.a. 

~ A n\tll"(' ('t)~••t.h·• "l'l'IJ\IKh ~ bf:ing tabn 
in an Air 1-\\f'('fl study l'rt-..n--m 11mltt th..- ''<'•ll'l
\'Mt.iona.l A, AT" titl.-. Ht'l"fl, it 1, u•un\t'd th•t 
the milt' tlb1tanl."C! 1:1 ll(lt !!Ufti<'lMlh ,;tnall to 
fflllUl't' l1111f)· im1~t. but aa, eox11«J1U~•f~li111lffM'll 
\M'lltot pattern ,111111( llf' \L"f'd tu makf' u11 for tllf' 
•mll'. A ,u~ufir.ant ln!i.,_-ht ,~ty <•ith n11l0t-in1 
lM"lltol •ullt'adl nm.<it l-. 11ehl for th• inability '" 
obtain Ml)·-hu kill. W~I!< pM"f'l\tl)· tw.ini,: 
r(ll1..-.wl•n-,t ""'4,.-h ~''""' hu111h'(',I poun,li., whirh, 
wbf.n a,ldt'd t(1 thf' othn n.1m110M-nts Ul'or'\t to 
mamtaiu a low-rii-lt, , on.~rnt.i,·e a1111t'OM'.h, 
rai~ the- tt1tal int•~11tor ,n,1itht tt1 thf. ol'llt'r of 
l .W) lh. Th~ ~)!;11 •'-'i~t ~hma!d 1w, t'<ltnt~I 
with a ft1w t.-n..-1 of \1t11111ds for thr- min,-tun, ,·.,.bidl:'. 

~ The- 11ay,,tt fur :-lnllll U\l"°" 1li~t&llt'C' i.-. ~t. 
Di.~1•n..,.,~ 1n1l1 th.- w1U11c-a1I 1a1,,t ut.ihaiui: a 
lit:ht,.....i~t l'4'l\."()f) ran l"t'lhtrfl th" mtM'<'f'pwr 
1"'4,.-ht fo • ub• tha, ,·an bf' launr~I •o tht
altitutl~ of thC' :-att11lit~ ou thr l\ff!'-tf'M\~ tal).."'t 
ii:<t h~· a ,·.-hirl1• f't"-"li~ nmrh I~ than .\li111tffflNIII 

f I!. Th111 ru.,;ra,tini: f'ffttl is of 11uffkw-n1 attra«'
tivt'n~ to makP thf Air 1-~ot.'t' ,nlli~ h• tlil'N't 
it~ Jlfimal)· "ffnrt t1•wanl tl>" nnniatm,. *l'l'"'"arh 
and to l.-11,·c- tht' r.,nw·ntion•I Aitn a."I a barlimp. 

~) ~ti.,-. ,ti:it~ ;,- mtll<t i<trot'l[\y mfhlffl1'Nf h)· 
ttl"C'f' input:.; (I) tht, aN'urary with whith thc
~11.'i(lf ran ,nake &n}ntlu rat"' lllf &llllUlar l1tlll<itiun 
1.s a funrti(lll (,t tm,11') 11~-.,,remf'nts, (.t') th.-, 
llf'f'ri:1i,,n to ""hirll tht' thntl<t ur •ht• lll'IIJ\\ll;1iun 
i-~1ttt1n1 ,an bt- ront,...,I\Nt, and \,1) it . .- timt> tl,at 
ha.-. f'l•l""-.. t from th,, lh~t l"'N'('ptfou of th.- ~t 
for an inr~•mt-nt1'1 m.u,,.,,,•,,r until a s11~;,ntial 
fr.rtion ur tJ,,. lnl':Y•llll'f'ltal Q\&llt'll\'f'T 111\)lUlllf' 

hL'I beit'n appliNi. \I, r.- ~11r,'1nrtl:r, ll(lnsur ar• 
rurar)-. thn,st ,,.mtl'\•l. ,md SJ'stt1n1 ...-s11t1t1..'IC' 
1jna11 Vl' t'. • r il'\1•:11.I f11rron; in ,l..-t«1nnini~ 
mi~ di:.UlllC'4'. 

~ That ~. if ,>ru- ,·an milk.• an ~l•r ratt> (or 
})Otlit.i'on) lllf'L'l\ll"flr,,~nt wilhou ..-nur, ~ra~ 
..-nr.tl.,v tht' l't'ttlliretl anwunt of thn1!lt, a\\~ ,lo 
both without aii:,· ,lt1la.,v in tin~. thffl Ult' m~ 
,iiii.t.Anr.- of th. 11ystMl •r11ruarh~ .. ru. A numbelr 
of ii.iml\lation." ,1f t lit' kint'matil'!' or an an~ 
•lll~v-1nto&i11\ffll1"nt (L'- A fmwtfon of t.inlC') homit~ 

~,-i-tt11m hana bfl..n ,t .. ,·t'lo~t 1nd fXflttiwd. Far 
t1~ai.,,~. i,, ..u11port of thf' work btli~ don• for 
Ol\llR&E un UM' Spi..-. DefeNl«l Protrram, th.
hu.1titut.e for IJ.ifel\Ml .-\naly'M!II hL<i dto,·fll,,1M'd • 
,.jm1,l~t.it:, \ra&ll&nlllt sim11latiuu of Ult' tolld
~11"\C' t11\l"O\tnwr hftwHU a miniuun--ty1,e Al'A1 

11nJ a 11111C'llitc-. In this s1mulatfon, ,t 1fAS pottil!J:-· 

k1 ,·ary th. \lM'IU\lt'tel"II of intC'ffitl (that i.", ~ 
ar<'\lr&<')', Jll'0\1Ulsiun )!t&nulU'ity, an,l ll)~wtn 
ffi-l\On~ ti1n11) anti -.:;<'t'r\ain thc-1r t'ft'N't ,m thf' 
mi!l.'I ditilanl't'. Tht- ~ills mdiratNi tl,at, with 
~uahll' rht1,~ of thl' ~-1""" ,,r thtow ll&Hl'll
·•t.•rs, tht> tnll,ll ,tit-tan('f' <'<1\\lal be- madfl a~1•tabl)· 
:-.111all. 

fl Thfl l\\<1!,l ntl't\::i"" smmlau,m o: t.his Ji.ind 
kno•,, to us wa:1 ,t,,,·.,lt11wo.t by Y uu~ht to t'X\dON' 
Ut• intfftlrti0tis a1 :w•~ .hf' "IW<'ifi('ation~ for th«' 
nriuns <'tllll\Yl(Mllllt. and su~'lll«-m~ iu tht' HtT 
1nt«'ttf'11wr, ._,. ffll Ill\ le, dtlt-m,ia~ th.- ultimat• 
ftff'<'t ,ll\ m~ di~hutl't' fro,,, thfl v;ariatfon.-.. 
( 'um-ntl~·. thi,. s11na1lation ,,. llflll~ moditifltl 
sh.,_-t.tlJ to mi"\4-1 the- t'TI~rf'n\t'l\l ht'lll'N'n lhf' 
\"01ttrbt nw-d1sniutum o! the 1,111t •mi a s!\tellitc-; 
tht- 11r..,•iou,i mncl<'l wa.-1 for &1\ ~,.>,,..mt•nt lx-t~ll 
1111' and a n-cnu,· ,·C'hlrlt,. • 

~ Gt'IW'H! l~·nam~:romona hM • ::11m\ll1h\lll 

that llllltl~ t~ llfflf'ral o,·nainir:,: !\1t•·l-aaniaa1ioll 
of d,.- MllP •t~'ln:~ • i;att'llit•. and dtt• l't'lllllts 
art' s\1h,,1,mt i11.Uy the, l<llltlf': that as, b .• - pn11'M.'r 
halanl't' llmt1n!!' thl' iilll1'11'tant paramt't«-r.-i, a 
1\-'IU'•M'ro .,~!:1:- di;itan, f \It<."" i.l\an a footi <'&n h• 
a.-hie,"l'll for ra.- •-h•N thf.n, an- n-a.-;onahleo 
('otn110nt'nl "IIN'\fiNtt ions. 

~ In s11p1,ort of tht'•r ... ,,rti. 011 th" miti1'11\ln-.' 
intt'n-t1pti111, or N"f'ttr,· ,·t>h1d.-s h~· lk1minlt mtt1r
r,,1,tonc. :<t',~l ,~'ltn,·tor.,, hav.- modc-lt'tl thf' ton• 
~~nttnt.('?·-•i llt>N' th.- intl'rcf'\*'r 'a'L"' of a 
m,'t" ""''"'"'ntlonal" al~"'· ._.. ,ip\1'Wtl hi thc
Mlll'. Tht ~~r -.·a..; lar,..¥ al\tl i:imtt..lNI, 1h.-
1hru:-.t w .4.'I f't1ntroll,•d •n 1na.,-niH11lt' 111,,t ,til"fll'tkm, 
~ .-ar11l'ad N"qUiffil foril~. and ttahstir Um• 
,fola.,,·s for tlMI n1riou:1 subs)'l'tt'mll 'W1lN' n111elt'1Nt. 
A~in, the- Nl!mlb' :J\o-.-.d that f,,r ,-.. ~- small 
i>t\n~1r t'm:1r:., fine- thni,,t n'nU'"l. """ ht tlf t.imf 
,Ma~· lht' nu~ d~tanl't' appnlarhNi &11'1\l. KM!istir 
,·al,H\$ ,,f th• \ll'rfonl'IU\~ 1)AJ'amt'tt'rs ,,f ti~ ·'rllU· 

''<'i\U1111al'' r11m1-1t'l\ls anct :tub!l~-i:,tc-ms ,lnw• 
th• nu~ ,fi..,tat\r1' 111, t.1 tht' orci;>f' 11f Hl ft, 11\w.t.rat• 
It~ the- fart that lar,....-r "~--i.tfln,s _.,. henit't 14, 
rt\ntn1l a«-u~t•••~· \l('('a\l!ll' of tht-ir lar~r in.-rtil'SI. 
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-r:,,, Frotu th~ st•Jtlifll and obt.en·ations it L-. 

coocludNi that th<- 1•rNiiction or mi~ ,bstanNI 
~l~ an AMT inwtt~pwr amt I point tJotitet. 
is well undf.rstood. 'rho m«banisations that h1w• 
been OOQSt.ruc-wd IINI r,,Ali."tir aoJ 11nidur• miss-
distance v"lut'l nNr 10 ft for tltt' I~ ,· .. hicle-s 
and Mar urn (les,, thao l ft) for th" miniatun
.b&T version. 

~ Th1' t'ft'fl('t Ull miss di!'t.an~ ur • uistributNI, 
,-.ther than Jk•int, tU).-fll is ,,f :'(1m.- N,n1-c-n1. On" 
t'an f'asil~- m.kt' t ht' 1").'Umt'flt that a l'N'Rll'y 

Vt'hirlt- appro~imutflS I roint (11). ... t, but It i:i 
im~ihl" to n>J)N!t:;(!ht lllll,."(o sal('llit~ of th.. 
RoMAT or Eollll.\T da..~ ~" l"•int, tal),...-t:-. ln,·t'$1i
icaliuntJ att undf'r W•~· uot onl) l\t lm· YDP l'lll\

t.ractor.., but el'lt'wht'n-, tu attt'mpt to ll.~1•f'ttain 
thf' t'!l'ect o{ •,oopoint tal),."t'ts an,I t(1 .t,,, ... t,,,, a 

9NISOt/dat.a p~n:,? tN-bniq11t- lhac will m 
.Beet l"t'du~ a d~trihuW '61')..9'\l to • 1,oint t1t•urce 
of l'Dt'fl?Y. 

~ Other tlfft>-_.., t.o t1 .... 1 .-ith th" potentially 
Ji.'lrUptiv" f'ffN:t on miSll diswu-.. tin" h1 a d1..<1t.rib
u~-r.diar.ce ~t indudP \.:ill-t>nhanNOmP1~t 
dnitftl sue-l, as ··t'f'Y -.. ma.ll-p11lll't trarhPr.ds, t'O(: 

wubtiads, Mt warhNd!', 1Ukl ~hefot warht>ad:-. 
ThNie are it,t•ndNI w ~ ~i,loyNi ju$t prit1r tu 
the point. of d~t ap1iroach at a >1i>:nal from a 
1uitahle St!ll.'IOr (in this cast-, a fua.. l h •l'JW'U'S 
tkat this •1•p~b III Dlt'~ly a diff Pn-Dt ,·pmon of 

the ru .. /warhNd problf'm and that it $houlil hP 
considffl.ld in th.t. liftnt. 

S. tlS:'11::IOk Sl:LltC'ftON 

~ Sensor- atx'uruy ha':' Inn,: been an UPa in whirti 
~ifk.ant improvf'mfll'lhl a'N' continually ~in~ 
made. Tb. N.rly radar traclm'!I, ,rb""' th<- an.,·uliu-
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t>m,r ,..._., mN..;ur.,.d in ,l~'TN'S, han• ~"'"II 1f■)' to 
tht' mol'l' p1"Ci~. hii:h-(l"f'f)Ut'llry, he<ullt.rul 
rada.ni, •·ht'.rP tht' l'm,r is mPL"IUl'Ptl in 1111k 1 ,.,11~

wntdt'11S?th infrared (L1''1R) t,,..r.kt'r.; lia,·.- 11 si1,."l,ih-
1'ant 1,J,·lll\t111,..,. in wu·•lf'n::th m·,.r l'lldar Ill 

,t-,6nin.: an1,.'l1lar f'ITOf', hut. lht'~- still f111l ,..hort of 
thP ~hort-wa,·t'lt'n!'il mhvetl (t>WIR) . 

~ In ad11ition to tht' inhl'rt'llt u11ahilit~· of I\ 

~IL-.c.•r to mt'&sUN" ~..ft', 1,:i,·t>n , suffi<-if'ntl~· h1~h 
si~al lp,·f'I, hrn a1IJ;lio11al ,l~irablc- rh,u·,11·1.-nstiN
or • :;("IL,-.Or shouH be ('llf\:-i,len>tl : (/) tht' !,."\'llt'rl\ 
tion o! • hil!h intf'mal si~1•l-h1-nui:-(' rau,, 11.n,I 
(t) thl' inritlrnt.J abiht~· to mu.-;un• nml!(' . Ran!!•' 
mE-a.,;un,mrnt is• u~•fol, but nul II I\N't>s.'-llr~-. :•n11r,-t' 

of 1,.'l1i,ta11,'f' 1la1a. 1f auilabl«-, it ,.-011M 111• u~. 
bnt roh1pa,-.hl~· arr11ratt' ~ui,l1m1·e 1 011111111111!~ ~•n 
ht! t,.,"PRfr■ toNI ll'ithout ran.,- ,lata. Rat\;!t' l\\l'A.'\lln'· 

11\t'Rt$ .,... or l!l'f'•t \"Ahl\ for (uzinJ!, whirh · ·•II ht> 
,li~1,~I l■tt"r .• .\ qn,.lit•li,·t' '"'""" nf tht' four 
,li~tinc-t i,c,n.qor ty:- ill ~n-r. in Tahlt• :1. 

~) ln an a.~1t'nt of tht' c-hararlt•rasll<'~ of llw 
:,:.co,n..'4(1r.< lisl.-.1 for a l"-l:--."iblt> roll' .. ,, a J!11i.t1111('<' 
rompont'nt , ,t is imm<'tliat<'ly ~11 tlu,t I\ S'l\' ltt 

,lt'vire wo11l1I i:1w arn1ratt' 1m~lt' I r,11·k 1l111 a 
-.,,.in,;( a hot hUJtlll aml ht- small, light, ,m,I 11t 
low risk. llnfortunatt>b·, a-att>llitt':-1 i,?t'nrrall:'· havt' 
low tm11K'ratutt', ~ s'l\·111 hll.~ li1tlr valut'. R11,lar 
(hf'n> a.~tintt'll "' br mic-rown,•). whilt' l1t~«' and 
hu·~·. i_., lo'l\·-risk ,m,1 ,I~ 1•ron,lt' r . .mj!t' ,1111• . 
1'hf' ■nJ,!ular 111·,·urary JMle'sibk i~ ('t••~ wht'n 
c-om()&rNI to 1a ,mil visihll', hut it roul,I ~ 11:lt'II 
(it i~ u~I bv the- :->ovw-tsl for an AsAT st'D"6t. 

Th.- pri11ri1~l shortrominJ? ,,_ that of hr.1itt>1l 
ti\~ -hmit.-.1 primarily b)' tht> wriirht n~')· 
to ftl'l!t'tl\Cc- th. tt0WE-r to tranl both wa:r,- 1mil 
,;till pto~hlt' a siJntAl-to-noi"'t' ~lio hit,?h t'IIOIIJ.!h 

-------·-
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hl h. u,..fitl. l,•·•• ha.st ,ts llt"llt'.."I !lt'll,.,t l\'1t~·, 
anti tht>N'ft'N' its lf"l•alf<Nt ra1,ahlli1 ~ , ll$l'a111"' 
•-.nu tarrb, ty1,ifM'tl h~· ~tt'llitf'S. Th .. "4'nsor 
lUlfl C'U\ ~ much lll1\IIIM thllll hl,lar, but n,11 
quit• as !lfflall l\s :1·t11 lll 111~1 llf' ( 'oolu\j: 1, • 

~oui- 1irohlt11ll, atul its l'f'nnu,-n.- 1 m ,.,m,-. of 
•·t'~t at\11 IIO\\'f'f to 11ro.hl\..- l1•~·l'r ll'l'Pjlt'l"llt\11":<) 

111 I'\ lunc-tinn ('{ thf' ,..n,.1tl\'1t~· 1lt"S1Ml lo'I'" 1.'l\·t1t 

,..l\.."61'S h., ... t'IN'n hmh at all, an,I '''" t'' yl't h•vl' 
llffb h111lt "Pf'<'ltirall~- for "IIIIN' ,1hj.-.·t ,lt'h'l'I 11111 

('umnt t'tlort,- an, C':"t>N·\4-11 to hml): to 1.-..1 ,1 ... 

"lit"" that an, :1111talll,. for .-\,-.,, , ,.,,.,111-. in th,• 
IHIXI ft>w ~-,•ar,,: hl'm"f', l.'A' tlt ..... :1~"' "h' ,t1II 
rou~,if'n-,1 h~.f-1-nsk. 11.-m, of l('l·hnulo1.:,,· 

~ \',,.,bl~hJ:bt ,..-.u,;o~ ha,·c- l""'" .-uu .. 11li•n-.l for 
111 Hri~·-4'atl&hiht~· m1111•111"• ,b.n 11,mi: thl' 
Am1J ':1 Hn· ,·.,h1c-l11. ,•i an,1 th..,.."'"'" j:l\' t'll ,.omt' 

~nou-. th,,u._-ttt ,lwml! aa,l aft,.r tlu• .-\1r t,\,n-,... 
:IJlOll,..,...._, h 'A:-- :<I 1111~· , .. l \" 1'1hl,'-l1i:h1 -.,11 .... u, ,In 
f'.<lill th•t roul,1 h.- mo,hri.-.1 for """' 111 au As ,-r. 
bul th .. 11"' 11( v, .. ,h1., i,i:ht n-.1111,...... th111 ,h .. 
t'n~nlf'nt tu.- 11la1,, m ,unl,i:ht an,1 with thr 
:1un-t$""I .,...n"'°r i:,,om"I r~· "u,·h t I.at ,11ffi1·1 .. 111 

l~ht 1-.. h•llt't·1.-.l fr"m th .. llll)..¥1 h• all,," ,1i., 
mlt'n't'l'h1r to 1~m ,,._, ~ •t a 11-.,ful nit~'\' 

~ ~lt'C'IIOI\ nf a .... n,.or ,1111.hll' r,,r I ht' . .\s -' T 

mL~1un ,, nnt , m th,, ,·11~. l\a""-I ,,11 th,• 11\isht~· 
to m~sur,, an ani:I,. l'l'"n~I~·. Tht' f,,ur "l't\"'" 

l1,1tfltl m Tahlc- :t will 1i11•1.f~- :0-A tit 1·11nnot ~ 
t"<\l\:-l1lt'.tttl, ~-au"4' .. r thr \"l'Q' Sntllll -.1~.,,., 
availahlt" 111 shurt-"'·a,·t'l,•n+!lh '" fn•m a ...,., ... 11i, ... 
Tilt' <'hoi1~ 1:1 &motlJ? ,.,,,bl.- l~ht. ra,1.tr. •111I ' ·"''"· 
amt th. l-.""" or,,.., ... lion,,. t"t'all~- nnt' ,,r 1•n1lu11tn'!: 
'"'''"'lff" e111<'h a.-. t 1mt1 •111I ri..Jt \'N'l-u, ,,,... 11r11l 
ro:«t v•ri-us 01w-ratiooal 1hffit·11lt.'· · Th111 ,~. ,m 
1.•·1• ,.n~r. if it c-an ~ ,1 .. ,· .. lopc"I 1r1--kl, "'·111 

tak«- !111'\'t'ral .''Nti< \limt') : (lr • r.1lar "4'n~r for •n 
11lt'q11&tt' ran~ <'•l'•hilit~· will ~ ht't\',\'. llt'<'..,.· 

sitat~ • la~ ht'IO!tt~r (~l). tlur llt'n't'flllt'II vf 
tlM, ~Vlt'I ,I~~, ilXtM'rlt'nN" ha... ~.!tmrn that 
hl'in,r ~hmitfltl ha,. ""'"011~ 1'01\:.t'qllt"l\l't'S: 

V t'I)' tlMlantti~ , .. rromtal\t't' ft'q\lll't'O\f•nt,: AN' 

k-vit>tl on otlw ron,pon.-n1:1, a romprom: ....._, sy:-tf'm 
1lflriom1&1\<'t' m•~· n\<iult. or both. llt,~" :l't, 1f 
thf.n- t,i a ,INUan,ti~ r,,q111"'mt'nl that an .-\~"...l T 

rapabili,-' hi' ti•l1lt'tl a.st ~ ._ .. ,-~ ,hit" ~1n_,t 

tM thf\\ats that at't' ro11.-u,!"""' ht'n", \ll' ith httll' 
or no~• to ,O:!lt (It' to l!f'O"' lh ra1iah1l1t_\·, Mt' 
:dloultl Jin ~u:,i ron.-.iilflrahon In • ra,lar 
~-.or. 

fl I £4G 

~ 'l'ht' a1h·an•~- or ,unall Sl&t' lll\11 t'arl~· 
1·•11at11luy un 111' 1 a1,turt'<I 1f " \' 1s1b\t½;t't\.~11r 

1111th 1s folloWl'tl, hut tllfl 01~1'1lti1111al pruhll'111s 

N•uhl ht> O\' t'N,' hl'lllllllj:. ~hn11t.l tl1t"c,• ht• II ,l~1nt 
fot au t'arly l11111t~l-.· .. ,-.hiht~· (l,111 not tt1m1111•l
t1111t' I "Y~lt'I\I that l' IUI i,,'TI••· lo r,,11 l'lll'•h1l11y' 

thl' Air Fun.·,, ,t,,,t:11I 11111l .. r1alr.l' • ,t111ly \I• r:1.11lon. 
and 411•1111f~ llit' l11111l"' 11( a i-~,t.t-m 11:,,111~ a ,·1s1hlt' 

h.:ht ,...,\. .... ,r Ill\, t 1111 I lit• btL-.t:- ,,r tlu:- stthl)·. ,~rha1,s 
c..~, ''"" IL' thl' ptl'ft'fn'tl n•llh' hi £11ll11'11\ . 

~ Tlw I.\\ 1t1 :-t•11,11r 1.; h,>!1, n~. 111 that thll\t" hi\>. 
~-.. t 1.....-n l1111!t for th ... -\,..., r 1mri11~--t' . h111 \\'""" 11 

,~ n.•ahat'tl. II • ·111 l\f\•\·1tll' hill 1·•1••l11ht~· •t i-mall 
""' a111l. t hN,,fo, t' , 11••· ,~·stt•m '""'' . W uh th,, 
""""'"' S1\ll•IIIIUII 11r • rath1•r 1 .. ,~un•ly tlt'\'tol,,,,. 
111.-111 l',,·1·\_. ft,~ thl' .\ll-,'r, du:- 1:- •l1111,st 1'f'rhunl~· 
thl" 1'1.' llh• " ' r,,1\11•·. "'11\\'t' thl' n-11I t'lt'mt•III :n 

rt~k 1\('n• ts '""' ,,r 111\lt' ,,r tlt'\' l"lt•l'llll'UI aml l\Ot 

1111,• of ""'l'llt' ll!: an ll\\' t'llll1111 or • l>t'tl.t•t 11u1lt'l'

sti1u,hn>! 111 th" 1•h~·s11~. 

~ Tht" l'l"l'f'llbtol\ ,_,·,-tt•m 1111 tht' 1Ult'1"1·1•1•h•r t' lll\ 

h,• ··••1t .. ,ul1•n-.l ~' , .. .-rf.,nnm~ , .... ,. r11111· 1lt>lb I I) 

1h11, ,,r l\ltl\ Ill.!: tl,t• lllll'r,'t•,,1<,r Ill\ 11 l'\•aN' 11,,rmal 
Ill tht• hnt• or ,.,i,:ht '" tht> hlr).,"t'I 1l11tt'r.l tlll\ .. 'l'l 

ll.lhl (t i that ,,r 11nw1dm~ thni-.t ,,r th,· pn't·1,-., 

111~'111llltlt• ""'' 11111111)! lo 1'11:-llt,' 11\h•n't'l'I. },\,r 
tht' lin-1 ""''' ":,,111,.n1. • l11fl.'\•-1hru,-1 1•ll~!1w , .. 
u,uall) •1111:l·•tt'tl m ,11'\lt•r 111 ,l1,-ph11-,. tht' 11\lt-r-

'""l'lt•r III th,• 11111.- t ... , • • ,,.,11 111.1).'"t'l :1.-,,111,, ti,,11 

•1111 IIIIN'l't'llllt•l\. ,.,, ..... hi ('t\\'t"r r11111pl,•1.-1~- '"" 

n1l11nw n( 1111n•f11",U1~· th•t S\ll'T\l\11111, thr ,..11,l
l11,,·,. l'l'\'th,·tNI l,11·111ain. A 1111).."' ••ni:m.- nm .J,.,, 
mllkt• up for 11 na11:,."\'-l11111h'tl :-t'n-..,r. " l""'r l111'1:.tt-r 
::1111lat11'1' ,._,·i-tt•m, t1 111wr ,.tdhtt• .,,,twnwri,-. 
mN:-11n•n11•111 s)·:-t,•111. 11r ,..,,mt" n1111b111au,,n ,,f 
,;,~. 

~ l\t'ftin- ,·111i.-.11h•rm)! tht" 1111,.....,.h,;tam·t' 1·11ntr1-

h11t llln ,,( th,, '.'"'l"'bl\m, 1,., "" lir:-t """"''l\" • 
r ..... pr11,·11,·al .... ,._,,.,:-. ... I).. .... l'\11·kt11 ll1t•lllfl' oftt"II 
!,.'\'l\t'tl\lt' n\•l'.111111\ ,,f ,;\,tli,·tt>III t:lll!,.'11111' , .. tu 

mh1h11 • ,...\\"4>r from 111ak11~ l\lt"tL-.un-m.-nts. 

Thu ... , 111 s.11111" mN'h11111ut1tll\l'l "'~'' ,......,_ n\,tarhlhl .. 
\h1tm1n n...-kc-t 11\l'ltlfl' ,,r mult111lc- \stllttl' l'\1C.0 k111 
l\\tlltlf'l.. l .i,11111l•U\l\tor tt'l.·ht111~· ha.~ l~·n I~ 
1lu1mt11ntly hm1tNl to IIU)."' :-tl\41'.-. raft, •·ht'l'I' 
thc- tauk~'t'. plumhmi:, anti m11t~1r in.-rl ..-~i~bl$ 

an- 1\1,t llii,."1lifi.-ant , an1l ft-•· aN' ~•r, m • i-iac

<imilar ,.., thl' miniatllt'fl .-\MT. Tht' 111·0 111t't·han• 

I 
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iaat.iona of th-e miniature AllAT uae mult,J)I~. nry 
small, &blid 1-ocket r11o&on 6te(I .. uenca'ly un 
demand. The technol<l(zy tndeoif betweon iiquid 
mo~ from the well-undetstootl spac.i applie&• 
tiou.a 111d nu,ly develoµ«,d r«.tar:able motors is 
not clear at this time; no pn,fl!Nllloe C&D be 
11tated. 

~To correc1L a~ IDlil8 distance, it is nffi!aWV 
to providt- euctly the npt amount ttf th,m;t 
nonnal to tht, linr of B&ght to the l&rlt't at e.-:iclly 
the rijtbt tim•&. Be«use tbt- tbl'I.UIHime hititory of 
lat'jle mollll"!I is difficult to predict with pNICision 
and bee.use 11>ractiraJ throttlin~ rati011 (maximum 
to minimum !thrust) for con~-ollsbl~thrusl mvtors 
seldom exceed 16, the designer with the end l(aUJ.e 
in mind usua~ly strivm either for small values or 
thrust with throtllHWlteptiMe or l"tl5t11uble 
liquids or for mu!tiple aolid ruck,ta. 

-(e) The end product i.a or couM a coi.,promist'. 
Some d~~- 11!!t' ••~· en,rines for maneuver and 
small t'flj0Jl«11 '-.r en,l ._ram«'. If the eur.,jn, ~ small 
flnOUf..-h, it n~l'd not bC' off wht'n tht seul!Or is t.tkinJ,: 
mr:1&ur-.menti.. In som, d~. Lhe enJ?ine is 
throttled to its minimum : : 11st M the intt'N't'pt 
a111,roar.h111 11nd th,• requirc-mt-n! for propulsiun 
diminishf'S. In otht-r 11.-s~n.,;, thr rolll!tant-thm.;1 
en¢n, i.'I ori,entt-tl 11way from tht' normal to thr 
lint o~ si~ht. :t'J that o~ly thr <lt'Slro.J romponl'nt 
of thr thrus,t n•rtor is in II dirtttion uonnal to 
thr line of sWtt and the rrmaindt-r is e-xpendC'1I 
al<1n1• the lir1.f' oC sij:lu, whel"l' it hllll no t'fft>Ct on 
m..ss 1listanm In this W'llY, the- rliffirnlty in pro,-i1l
ing a la~ throttling rati<> is tradrd for .ulditior.al 
rom11ut.i\ti~, and a 11rt'Cision attitud•·-rontrol 
syst~m. 

~There ap,J>t-ani to be a lal"j!'I' yarif'ty of solutions 
,o tht' propulsion 1•roblrm. Th, <'um-nt ~tatc or 
technol~· is, broad enou¢i to ellow the int~rcr11tor 
df'Signer to ch()()!;\' 11 solution that will not tax th11 
rocket industry. In ,·itw or thr many im11ro,·em,nts 
in propulsion in re..'t'nt yf'ars, there does not lllllf'&r 
to be a kt>y issue ht'!"l'. 

0 . JUE8PON8E TIME 

• Tht- filual i!nportant rontribution 10 mi$.'! 
,l~tanet- to be discus.wd is rt'SponSt' timl', hel't' 
defined as 1th, timt la~ behrt't'n the iust.tnt 
that thett is a sufficiently l•fl!"' error for the 
sensor to deitect and the time that the interceptor 
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has achiewed a la"8 pol" .ion or thtit l'tl8ponae 
DtlCf'il8arY to eliminau- the .:. , 'Jf, a 1,ortion usually 
defined as 90 perr.e,1t of 1h11 JD!Julse required to 
overcome the error. Syl!tem l'ftlponse time is thl' 
sum of the individual ,:0mponent or subsystl'r.· 
response timl!S. The principal component$ oC th" 
rMporute time in a typi~ AsAT sys~m IIJ'C .hf' 
sensor n,spon.se time, the 1lau-prorf!ll&i.~ delay, 
t.ime to rotate the intel'\leptor (or some JM>rtion 
or it) to point the thrust in the 11roper diNIC'tion, 
and tht- delay en~lt-cl in o,·e~~ the inertia of 
the intertf'pl.ur aml cb~i,: its \'e)odty (a funl'• 
lion or thru.st-to-we4,>ht natio). l}vtical seorors anJ 
m()(l"m computer t«hnul~ can me.kt, thl' sensor 
resp.>OSe time lnll <lat&•l)l'O('NISUI~ 1lelay small. 
The rout-ion time can he made small only throu¢i 
clever dftlistn, anJ &.'I was discusse,il urlif'r, thr 
ine:tial delay is a comprom~ in tht> rodttl en~n" 
size aelect~oo. 

~ Of the many ,lesigns that have been con
:11dered, grtlllt, catt has ~o takm to l'ontrol 
respoulfl timt> anti hol,1 it to a velul• i,t which 
small variations have little effect on tht> miss 
,listance. 

~ In summary, tht thl"N' most rmpottant ronlrib
utors to mi."16 distanc ~ IU't' sensor a<'curary, thna!-1-
l'Ontrol al'curacy, an,I system "'5JlOOl'o(' time. 
lnvMti?lions of tht1Se, ad ap11httl to r he A11.\T 
problem, have shown that thr mi,,_,; ,listanct> 
agamst a 1,oint t~t l'an lM.I maclr t;&tislactoril~· 
small with cu!Tf'tlt technolo11:y an,! cl!'Sl!,,'11 tools. 
Selection of a sensor will be made on fa, !ors otht>r 
than miss dis:ancf'- -primuih· syste-m rosl anti 
risk {leni,h o( ,inelopment tito ... ). The l'Umont 
rlforts to umlerslaml the effect or 11 ,t,.,lnhuted 
ta~t must yieltl • salisfac,ory solution if tht' 
miniature A~AT l'uuc,pt is to prnail. 

H. W.\ltUli:AD 

it,) Th,• minia!un- Ai;A r ron<'rpt calls fut J tlnal 
miss 1hstanc, so !IIDall 11,at body impa<'t shoul,I 
occur, And no warhea1l w,,ultl ht> nt'Nltd. l<'or the 
conv~tional AsAT c·or.ct>pt, howntr, the miss 
1list&nl'e is a.,;sume.l to be Mi"ll. but not rt'ro, 
n,c~itatio~ a warh1>1d to distributt' $uffirient 
ener-.zy to kill ove-r the 11n>ft whO!af' ra11ius is the 
miss ,listance. 

~ A number of warh.-a,ls hav" httn ,1,veloJ>t-tl 
over th<' )·ears whOSl' tk Jiim.~ t"ouM be ~lii:htl)· 
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altered w provi•Je adequate capability for a con
ventiocal AsAT. A few are Jeecribed here lo aaure 
ounielns that, while unporwit lo the concept, the 
warhead in•ol•~ l'O critical isu•. It is conaidered 
• st.raigbtfonrartJ engineenn, problem. 

~ Surfac.to-.ir and air-to-&ir miasile system, 
have long JopemleJ on kinetic-energy tnnsmiaion 
devicfll such as rods, pellets, or fragments to 
deetroy target.a of i'lk"'St, which are uaually air
craft or mi!sil'5. In ~et-ti, the warl..,.,I deaigna 
ooo...iat. or a mas., of projectiles sur!"Ounding Wl 

exploeiv.i charge. At thf' proper tim•, the r.h~ 
is det.ouated aoJ the projectiles a.re driven in a 
pattern that expands ra,lially outward from the 
ftigbt path of ihe iotereeptor while maiot.ining 
uniform Jeosity. The principal difficulty with this 
t.ype of warhead stffllll primarily fftlm a lack of 
ability to predict thl" time history of tbt +'Dd game 
with sufficient a~curtM-·y. Tht:- Josi~ of the warbead 
requires prior knowledgt of th• txl)f\:ted maximum 
final wiss distance, th• relative vtloe1ty between 
the interceptor an,1 the target, and the projectile 
weight and spatial dffl.'lity requil"NI t.:, ensure that 
the ta~t is tleetroyed. Coupling l'.1ill lmowledge 
with th• princi?I~ o( operation of the fuu, the 
warheail designer can &pN"ify the fuz' :1~ tlistan1 •, 
the projectile Jesi~, tl-e upl081ve char,e, anJ th. 
other requisite ,lesitoi chancteristia; that will at 
the right instant protluce a distribution or pro
jectiles that is suitably uniform over thn miss.
dis~ disk. 

~~ndary dftlitm L"-'IUI",; for atmoi;pbenc appli
cation!! deal •·ith the •ffec~ of the angle of attack 
of the intercc,ptor, the ballistic coefficient or the 
projecfle,,, and the desire to l:ave the •ff«tivenf!lo;.-1 
degrade yracefully ~rom the ,!\!:Sign operatinjr 
cooditions and, thus, give the -.·arhfl&d the greate,.t 
latit\Ade possible for employment . The enel"IO' 
delivettd lo the t~t ul\Ually comtl!l from lhe 
reLtive vf!locity bet•·een the interceptor aml the 
target. Should the relative velocity be in.de
quate--ard it i, ina<lequate 1n the ties~ of the 
l:ioviet AM'l'--1• v.·ill be necMIU)' to ad,1 \-e\ocily 
to the projectilfos in a direction along t.he line of 
sight to the target in addition to direction.~ normal 
to it (radial). No-.· the projectAle dl'ltribution 
assumes the form or i. frustum of a cone, rather 
than a flat plate. AngiM>f•tt.ark ftilects bec:omti 
m,,re critical in thi." C41:K,. In the space encounter. 
the I.DP' of attack can be equated to the ~ 
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het-.·een the body (or 1rarb1~) ui.,; and the line 
or sight tt' tne t~t. There j,. no sensible aunos
phere, of coutsf', so thero is no true angle of attack 
or 111"1)' slo1nlo1t,.n efft>Ct of balhst ic coefficient. 

~ Nov.· th~ aru;es a rompetition bet,-:eeu the 
warhta1I and the sen,;or for th,. favorable lc,cation 
at the front of the intet".Alptor. The senso,· !lht'•Jl<I 
be iD front to ma,nta,n u, unob!-tructNI view oi 
the targf't, amt thl' ..-arbta1.I ,Jioul,I be m front to 
mab Jl()cltlible an unobstructal ,h,.tributioo of 
proJ«tile,; to-.·ar,I the ta~t. A11 the r-lative 
velor1ty net11,toen the tal"gflt aml the interceptor 
b«omf':- sro&lle1 •ntl small,r, th+' ct'ne IIJlfl:le of the 
•·arbeaJ shrink.-- until the warhead pattem 
~blfl,j that or a shotgun, anti the 1>rojec:tiles 
,lo not suffer 'IU!ous int~rleren<•e imm 1111 antenna 
mount that shares the favol"'flll fonrat1l suria<'A!'. 
But then \Uthad pointilll: bee.om"' cnucal. 

~ In the contiguration of th, Sovi,t A!'IAT inter
ceptor nhidt, 1t is 1lc.'duct'II that both the -.·a.rheaJ 
IU\11 the radar ,,n~r arf' on ont1 en,i of the :;truc
ture, 111·ith the ,. 11rhead l'f'rhaps :digbtly ~h1ntl. It 
is c~rvt'II that •·hen the •·arhea,I i, detonated, 
th• radar become-s inoJ)f'rat,ve. 'r!,i, intlicates that 
tht1 ra,lar ,..L._ tlfoltroyt'II by th• ,letonahon or the 
hi¢i •xµlosive 1im.in~ the J>rojN'lilt":- or by the 
project i!ts thf'm:;elvrs wht-n I h•)· pr """"I throui:h 
rr1tical ra,iar com1,ont'nl-.. 

*Th• enr,:y roq•1ir..l in a project ii• 1,- 11 fun<"tion 
vi ~he t~t bein,t attuk"tl. In th• <"L~ of a 
compact !'.n,1 s•ructurally rtgi1I hugel !-luch .. -1 a 
~ntl) v,.hicle, th• 1'quired •nel)zy 1)l'r projttti\t 
i" "tutth, ar.11 the number or impacts 10 1lf'8troy lb• 
la~t 1s ~ltlom tJ,ore than one. For a larp, ll(dit
weitrfit structure ~·J<"h L._ a :-atellite, the required 
ener,ty 11er 11rojttt1l• 1s lo-.·. but because th• ,mock 
of impac~ 11~ not 1•ropa«ate as wel1 as it ,Ille!- in a 
ngitl structul'l', ,h• number ~u1red i.-. often 
stat01l a.,; hf.in.,c mrre than one. 

~ The AB!.t cornmunity has i-pent considerable 
•ffort in the 1les1go of projectilt11, tliat an, very 
effective a,ain.-;t th~ vel)' ,len.-.e rt!flntry-vehicle 
target, they seek t<l .i~troy. Th~ optimi&M 
tlf'II~. ~MraU:; l'OIL" oriented i" the direction of 
impact, 1Miver thfo mO!lt en,ritV ptir frontal area, 
but they are not requireil for Mtf'Uite ~ts. TbJ 
orwntation of the ro•l!( at impact i.~ critical, and the 
difficulty of orientmit tht1 rods 111 l[tftt; th, payoff 
11gain«t lifrbt strucuu~ i.« negligible. 
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~ Although the warheMi may i;eem comple.< in 
detail, its designer really has a f-.irly straight
forwaro engineering task. For low closing veloci
ties, the mass-tn-charge (m~ of projectiles to 
weight of ex1,losive) ratio must be lo.,,- in order to 
J111iver the necessary enf!rgy t-0 the target. The 
projectiles •·ill generally be pellets wbO!le ra<lial 
veJori~y component:_; adequate to roTer the miss 
Ji.,.hance in the time allowed. The warhead indus
try is mature, and it needs litt!e or no prompting 
to makl' its technology available to the AsAT 

com...,unity. 
I . LETH.\UTT 

-t@7 Aa are11 of seriolll> concern in the developmmt 
of an As.n syst.eiJI. is the effect o( the imp41et of a 
projedilP 011 a satellite. A great, number of lltuJies 
ar.u experiments have de&lt "'ith the impact on 
proof plates of pt'\let.s of different shape.ci and of 
vanous mat-erials, weighing different amounts, 
traveling at different velocities, and arriving at 
variou._ angie8 of incidence; '>ut there ha... beeu 
little, if 1:my, attempt to <'orretate tbe:;e d•!a with 
regard to their intlivi1:11al or cumulative effecl'I 
or. a !'-atellite structure. '1 here are still two dia
m~trically opposed points of view on hype"elocity 
impact dami,ge to a satellite, both .,,-idely held in 
the community. One a."-;ert,, that t!ie hype"elocity 
impact of a pellet anywhere on a satellite 11·ill 
send through thf' structure a ~hock wave- th11t "·ill 
arrive at a vulnerable component -.·ith t'llfticient 
amplitude lo render the satellite inope1ative. The 
other asaert..._ that a light, compliant struct.ure 
such as a satellite 11·ill not support ~he pro1>agation 
of a shock acd that, while the pellet '\\·ill un
douhteilly destroy the component it ~rikes an<l 
in most c..ses will pas; throu.,<ffi it, damage will be 
con.fined to the local areA. While v-e hold the lc.tter 
view, we <lo recognize that it is no better supported 
on an analytical or expeticiental bi.sis than ~he 
other vie11·. Clearly, more work needs to be done 
in this area in both cnalysis and experimtnt&tion. 
The ultimate experiment "·ill be to impact a full
scale satelli~like structure with a hypervelocity 
pellet (or pellet-;) in a vac11um environment-aml to 
meas re the damage.• 

~ There have beec a number of studie.a ,uul 

~ Of rounie. &311J1me.ric impact of pellets nn a satcllit ,. 
CUI r&U8C tu111blin111, but the mapituck ol this pffect i11 
not predictable. 
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OXpt'riwents on the effect of projectiles on U.S. 
reentry vehicles. Some of this work led u, the 
<lesiim of the so-ulW spinning rod wuhea<l for 
Proi;ram 9'.l2. That warhead con:rist~ of two 
bu11dles of rods strapped together to lonn t110 

cyfu.,dt!rs in tandem. The tell.90n for having two 
.tas to increase the density of the rod pattern. 
The r.ylinders were S_!>UD about their axis of sym
met.ry, and at the proper inst.ant the str.ps were 
Nlmoved. The cemrifugal forc.i caused the rods 
to ,pread radially outward, k:etpmg their indivi
<lu,.1 spin axes pointed at- the reentry vehicle. The 
intent. was that the roe.I C:ensity would be sufficient 
to ensure that at le.st '11le of the rod!; would impale 
and penetrate the reentry vehicle. Experimental 
evidence that this impact· would provide a high
confidence kill of a reentry vehicle was never 
obtained, nor was there any assuru:.ce that a 
Soviet reentry ,ehicle or its payload would be 
structured in the same manner as the U.S. ones. 

-t81 Th<' studies of the lethality or a pellet or 
pellets llg&inst a ..atellite are even less sat.w~. 
.\_"alll, data on pellets launched by a lqdit-gas gun 
&gllinst a proof platl' are cited, bnt they h!!ve even 
less relevance here than they did in the C&!M' of a 
~ntry vehicle. 

~ A number o( ta.ts of subscale model projectiles 
of the two (Vought and General D)namics/ 
Pomona) tonfigurations of the Air Force )!DP were 
made. The modds were driven at hype"elocity 
speeds by a light-gas gun aii:ainst a ,,roof plate. 
Little useful information was gained. In general, 
the model projectiles broke up either in the barrel 
or in flight, an<I the data uhtaiue<i from the few 
that did .. trike the proof plate could not con
fidently be scaled in size, velocity, or material. 
While the IA-sts were P-xpensive and i.mp: ~ve, 
they provided littb j?Ull in confidence over the 
analyses that support the earlier lethality studies 
for the ¥DP progr&m.(~) 

18' Several uncert.aintie$ nM:l to be resolved, 
including (1) the vulnerable area of the target 
satellites, (t) the 11nel'IQ' required tll be delivered 
to that area for assnred disablement, (~) the need 
for that ent:l'IQ' to be delivered <lin-cUy by the 
pellet or o:v propagation tbrou~ the struct.ure, 
l-0 the benefits, if any. of impact at hypervelo-:ity 
speeds, and (5) the n~I to define t.l1e failum 
moJe(s) (includi~ E<')I and sensor-bindin~) to 
1Usable tht: target satellites. 
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"'(tij Our lack of lr.nowfec\lCWI ot the abo~ facto"' 
may oon,utute the moet. terioue deficiency in the 
curnnt AuT program. Once true !mowledge ill 
obtained, the argumflbl bet.ween the proponent.a 
of a lin(lle impact of MDP and tht1 proponente or 
,he many pellet.a of \he "conventional" AsAT can 
be N110lved &nd a warhead can be ll~NI. 

~ The cost. of the 11yete1n is alm08t enli~ly 
goVfflled by the night of the interceptor, which 
in tum is a very 11\l'Ol\ft lunctiQn of the weijdlt or 
the warhead. This am1>lification from warhead 
Wf~t. to ay-iilM\ cost ii\ what est•bl~~ tht' 
cnt.icality of the letha.lily qu~tioo 

I , FUI.IHO 

~ The function of a (111e i8 to provide • firintr 
signal t.o the warhead at the pttcil'lt' ume that 
muimUlt8 t.be effect.iv~ of that wuhNct . Thf' 
fuainil pro~m ui,ts only in AMT syf~I\ wh11re 
the mll!ll di&t.anoe ie llt1l'I enou.ih to pn!elude hod,)' 
impact or where tht1 prohabilit.y o! n~~ t.be 
..«ectivel\ftltl of a Mtelli~ With • l\in1tll' \1otnr) 
object 1t1 unaa~factory. The rundam"ut.al un
oert.ainty in a fuu i&y11tem is the tim• 11nUI the 
point of clO!iC!!!t appro.<'h ("time to ~") . For 
.\l!AT !l)'"!lkltm with low ('\(l(lilll( Yelocitit-< and 8mall 
mis\ distanct1S, !lelUlitivit.y t.o ert'OI'!\ in thi~ v~ 
di<'t.ci time i!I low. For ~-&tem!I wht"' tl-,l' relativr 
Vt!locit.it111 an, "b<lve 10,000 ft./lW!C' and thfl ex!)t'Cted 
mi. d~un, ~ is in t.erua or ffft, tmff uP no '!:zes 
in bei~. in dtlllit,m, or cwt.emplat.ed. 

~ One or the prinripal drivit\jl reaeon:< for the 
init.iat.ion of the Hrr 11roirram iu \96:.\ by DARPA 
waa to byp"88 tbe fu&1ut,t problem "fl"ll\.'lt ~ntry 
vt1hict.. lt. WM thoutthl that, it wouln be easter 
l.> drive the miss distance of • small, ateile inter
ceptor to Im\ than to develop • fur.e that would 
provide • timely 6ring eqrnal t.o detonate • pellet. 
warhead. 0th.Ir ABM midcoul'8ll inte~pt. f'ysl.tlnui 
haw avoided the timit\jl unON"tainty in a fuae 
b;: incorporating • nurlear warht11d, for whir.h 
there ie virtually no t.imi~ problM1. F11rthtll', 
ADIi sys~ do not have ~ advant~ or rtl· 

·lucill!l the relauve velocitiM betften the obj~tll 
b:; launchint( in t.he same dire<'ti-,n. ~.&ll!V' ADM 

iu~ton are required to operatAI at murh 
higher relativ• velocities (ral\¢111t from ~5.000 
to 60,000 ft,/~). the time of fl~ent. 111 mur.h 
aborw and tht1 faae timin,: ia mu<'h moff <'.rit.ita\ 
t.h111 in aatellit.e e~in 'nllt. 

a!Dettte, 

~ ~ ~hniquee Ulll!\I by 1111naC(l•to--air anti 
air-to-.ir inttltt'ept.or sy-iitems bavo bMn conlli,leml 
for u11e in A11,.-; syat..m,. ln l{OOMal, a (radar) 
sen10r loe&tal the tllr;tt!t. and, iaftcir makinjr suitable 
r&nlt'! and anR¼e meuurPm1mt11, calculat4!1B the time 
of dOtiNt apprwt'h. If th11l'l' ill sufficient time, 
the r.kulation ia rt!pf&ted and tht' 11rn<\icte1l 
timt1 is 111-.da~l. ~rat..ll\J! MO ,le11~Nt al'\' ~nl!nlly 
limittld by nular IK'wt1r (and th118, by r1m~-of-
011eration rMlril't.iont1), u well as t-ht' high IU\JNlar 
ralftl an<l accell'ralion• iml)08t'(I upon t.he anirfa 
tn<'ker. V11riation11 on this t«hniqur t1ubtlt.itutt1 
IIU!t!r radllf for micro••ave lllll/or eltl<'tronic 
i,canni~ for mN'hani,._.1 traclil'"'· Soml' innovative 
llMilffl!' have bfll'n propotted that. would llfflllr&k 
thl'fl(l or mort1 cone-sh11~l beanu, fixed 11t. 1111t1eilic 
Uljlles ~at.i,·e to tht> interoeptor w ,tet.C\ct ~he 
Jlllllll~ of t.he hir,(tlt throup;h them. With th~ or 
more he~, thfl timt' of doet1et approech <'An be 
c.alculated from thl! t.imt- or \M!netration of thl' 
~ 11ml U8"11 to ,letonate t.he warhe&,t.t•) 

1$ ThetM' 11ystenU1 •Pllt"Ar to htvt> ml'rit, an,I if the 
conventional A11AT pt'Ojtt'ltn ii\ to be pursuNI 
beyoml thl' 8)-&tem~I~ 11t-1~, it • ·oul,\ be •-orth
while to n ahtaW th .. 81!Vt'rlll fu&it\jl ronl't"p~ that 
hav• ~n l)t1>1~I '1\1\ to fund th" nt08l ptotnis
in1t throuizh •tlv1Uh'fl(\ ,l~i,m. A\th,.,~h 111\ll'IU'in}! 
t-0 involvro 11 11tniq....\1tforwanl er.irillN'rin,r dtt.ijlt\, 
th1'51' fu11«1 h1\\'t' nevl'r ~n h11ilt 1U11I th"ir limits 
luwl' nPvl'r hN>n foll~- rx1•1l1recl. 

~ Other innouti\'t' t1-Ch11iqu~ ha,·t- bt¥11 11ru
Jl0l!NI th11t ,lo not rrquil'I' • !lt'par•t" iwnl\Ot or 
1'1U\R" ,lata ; they "l~"'tt' on infonnation th11t i11 

1tvcil11hl• from an Alll,!lt'-onlr M1nMr. Thry both 
t.aka 11tl \'11ntt1Jtt' of n1irroolt'<'.troni~ itn,l !- lllman 
filt~r t«hmqut"1'. ThP)' &1'11 troatt>tl lU\ro Kl'Jt•rat~l~· 
from tht' aho,•t- llJ'Ollpin~ bt-<-all"t' not. only ,lo they 
•11plJ to thf' ronvPntiou11I A11AT ,mt, hl'r1u111t> they 
havt' 1111rh littl11 w~ht ,m,1 ,·ohm1t', thl')' rmtlll 
alMI oo M11i.i1lPn'<I Al\ 11n a1lj11nrt to th<' MIJI' int.,r
rt'pluni, i1ho11hl it l)(' ,lrt(lmtin~l that II sin~" 
lfflJllC't or thl' h01ly IIIK>ll tht'I !lll14'11itf' would 00 
int111ffi,•ient lo ne,t11IA' U,11 llllt.-\lit(l1

11 f'fl'l'<'ti\'<'IIMI 
anrl \.hit MOme fonn of kill t>nhanl't'mNtt 11ho11hl oo 
providNI. 

~ A t~hmq11t1 I\U~tll'II by Kt>arfo1: ..... -.;11~Ml"} 
t'N4U1!'t'!' that II pl"f'C'i:<4' mant111Vl'J' \Ml m"clf' t'arl~· tn 
lhf' t'l\11 ltffl\f 11,,1 that th• .. ,r~t of that ml\tlt'IIV('r 
upon an~" ,m,I anjtll' rat~ mt>l'!llll't'mffit~ ht> 
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Flaunt 13. ~uy of lllteniept end pme few fuidn,. 
(flaure UDclMlided.) 

coupled with tb~ (approximat~) data already 
known m the enpgement to predict the time of 
cl081!8t approach. The analyi1iic "·as briefty re
viewed, and it appears it0und. 

~ Anoth11r approach ,m~ted by McDoM .. 11 
Douglas W~t(II) N!Quire that a Mven-fftate 
Kalman filter be preloaded with the initial oon
(litions of encounter 11uch AA ran,te, ranp rate, arul 
time to go and that. then .me of the outputs of the 
filter can be the time to go to an accuracy of 
0.001 lll!C. Evaluation of thi11 teehnique it1 being 
canie<t out by the Balti-,tic MiAAile Defen.'16 
Alvancet.1 T~hnolo,zy Center, and their pre
liminary ostimate ii1 that il is valitl for the AsAT 
application. 

~ II an~e measurement." can be made preci~ly 
enouidi, t.he time to go can bA ralculated ,liFN:tly 
froM the variation of the line-of-t4i,tht an¢e \\·ith 
time. In the coonhnate1 of the 1liagram in Fig. J:t, 
the angular rate is given by 

' 
rv .. , = ,., 

(\\·here f is 801.II enough that- sin , .. , and coi. 

,.,. 1). The range to go is given directly from the 
above relation by 

Different.int.ing, w11 have 

(making u8ll of the first relation above to simJtlify ). 
But f • V ,., and the tim11 to RO i~ at)l'ro11uuat•ly 
r,'V,e1. !,_1(1 tht1 timt1 to go is ¢ven by a relation that. 
involves angle mt.asurem~r t,.." _only: 

:w 
t=-;-

' 
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The raw line-of-8ight,..rate Jata are gene· -ally 
too noiAy tr. differentiate directly to gin a ilf.1&11 

value of the '1igular acetileration, but 111noo1b111g 
techniques such u the Kalman filter an· 0111 1,1 

be able to produce valuN clean enouaf-, to g: ,e 
the aforementioned accuracy for the lime to go. 

~Of coUJ'8t!, a value of tht1 angular a('fNeration 
can be obtainl\11 Kimt>ly from the HN.1noot in 
uigular ra~ Juring 1h11 l'ellponae t.uu-e (lf the 
interceptor (for each im1ml!tive mott•r riril ~-·1 

A firing Kipal is 11e11t to the motor ea.~n \i,nr tht• 

angular rate exoeed11 a prMJ>N:ified thr611boltl. 
Ir the angular rate MC'JMIJA a 911COlltl (hiirb"r} 
vrecalcula~l thl'ellhold before t-hf' motor r.an 
,!rive the an,rular rate back ,Imm. " 11iarual <'.an 
be 8llnt Lo fin, the -..-arhead. The 1lrn·back of 
thiit techriique i!I that the samj)ling t•t ,t,"al i11 

no finer than the motor-firin,: in(f'rvai, ,riven b)' 
'1t=AV/(2ir,V " 1), Yt'here AV i.<1 tht1 impul.-., from 
a motor firinit aml ,,_ i11 lh11 an,rolar-rate thrMholtl 
for a motor firi~. 

~ Tbu9, it •P~•rs that there may bl, a num~r 
of pohmtially ui1t1ful approaches to f•11ing an 
All.\T from an a11glt'-<lnly tracking SPnsor, eit.her 
by Heparah.1 ml'An:1 of ~neratinJ? iulilitional (lata 
on whi::h t-0 fuae or by ui;i111t tfflckinl[ ;,eniior (lata 
1lirectJy. The latter iK probably mol'l' mn!lt!rvative 
of wei~t . volume, aml powflr, but it ~uittl!l 
1Utaly11iK an,I verifir.ation heforo it ran be implt-
lnf'nt~I in an AsAT. 

It. NIEC&.'ISART AREAK or CONCliRN, HlJT NOT 

l>RlVlNO l~\11'!4 

~ A number of al't'ft!I havl' hN-n of conr.em to 
the ANn r.ommunit,· for ~m" timfl that tlo not 
n!qUire ~nous stu,iy or exp1ntfitlll't' of . money, 
but aro of ~uffirif'nt import~mre to be 1h~u:<.~I 
here, if only to e1nsun• t.hat. tht1y a1• not i~ore«I 
in any U.S. Asu 1levelopm11nt i•rottnm. 

J. l}ff,na~ .-lutmiunt 
~ There is alwAys tht1 problem or a.~~ing 
,lam..,..- to a :1a~Uite t&rftflt-. This fs ,lone to 
1lt<termine whet her or not tht1 •-t~ beinit 1lt'fen1INI 
from the "8tt'lli1" are icafo litul whetht"r or not thf' 
AMT sy11tem shoultl 1:14' relirNI lo romplt1te! an 
initiatl'CI, but fail~, nt'jlation. '11,l' n~I for rapirl 
clamagt, at\.~f!tlt. 1i1 lal'll"'lY a funct.ion or t.he 
~t beinit att.a<'.kNI ancl t.ht' ur,tt"ncy with 
which thf' nt'gation iK ~,1i""I. A number of 

t\11113 :ll:Slf 
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t.chniqu~ can be conttider@II. A pbolore<-onna~
l!lnce, elint, 111\eteorological, or communication 
atelltt., typict1l of totla/11 Soviet technolOttY 
has a p~uriMlll poY<'et-<:onliitiom~ "hatnoer,(") 
the punrture of "·hirh will nepte the !lltellite• .. 
mi~Qion. 'fhere ill no nec~tty for the Soviet~ to 
remain with tbii!4 ,lesijtD pbil0tt0phy, particularly 
in the face of a posAtble U.S. A11AT, so onfl Y<'ould 
not ,unt to ,le•i,end upon mere L-...~uraoce 1.1f ruJr 
tu~ the Jll'letl.'iuri•I comparunenl for kill. 
In like mannor, :!Olfle satellil~ have known 
tran..-.mi!\.-1iou p•ttem!I, anti 11houlil th~ terminate 
or rb,.nge after im~ct, it roulil me&n that the 
function of tho t~t satellit@ i11 l'Ube.tantillly 
limit.et! or nepll~I. ,¼ain, w11 have no lllliUtanao 

that there i.-. lllO prearranpl !lllOOnd motle of 
Ol>C'ration ("~•1ce--•·ar ii•·1tcn'1) to be u-1 only 
after an attack we have never ,1h!lervetl an,l tha• 
we In! therefol'le not prepan-,t to evaluate. 

'lS) A more nt1arly ~rtain dan•~ uaes.,meot is to 
obeen-E' thl' impact and lo att.imJll, by llll«' or 
!lell!lOl'll, to measure ~ eMl'RY relea8e, which 
W()Uld als.1 be a ffi61.'1Ure or damlj,ttl. 1'he ~IM 01' 
oth,r l!('IILiw>rs mii:ht be used also to count the 
numhfr of objeclll after inlt!l'Cl'Jttion and romvere 
this to tltf' munlX'r ~fore, or to obst'rvfl th~ opera
tion of the alti1tude rontrol !<y11tA!m on the t&ll(tlt 
satelliu-. By 111,ll 1~. tht' Sovitit satt'llile!I are 
attitude controllt\d, and a Mmple meam of deter
mioin~ that tJuJ 11i,,e(ul life of a uteUite is ovt"I' 
has been to Wat.ch it tumble. A tumbli~ satellit.e 
would hf considerM completely n~ted. 

~ The llell!lOr for ob!lervi~ anJ L.~nir the 
damag& could «ell hf II cumnt tip~ obj~t 
identification (soi) ~nsor, but sol !161\l!Oni arc fl'11· 

in number and 1ft not loca~ at the ex.!)e('ted 
intercept. Pointa. Nonetbeleae, they l't!Jlteef.Dt thf' 
most reliab\e t«hnique cummtly available. A 
proposed scheme for dam~ ~ment, ~hould 
such a scheme become of 1.1utlkient importance to 
puniue, i11 lo eq,nip the l1i1t 11~ of the int<V'Ctlptor 
boostAJr with a 1!\eMOr wuoee only function i.'I kl 
obsene the int•:rec1pt and report bac:k. A vari~t.ion 
on thi8 schffll,,, if L'ie int«cflpwni are small 
enouRh, is to di111~ interceptol"li IW'qUentially and 
to UMI the llt'COJlld to observe the tint and, if th, 
fir.it fails, to reJ!>Ol't back and then undertake to 
en~ thfl ~et. The third interceptor watrhee 
the MCOod and '"'JlMtlc CM operation. Clearly, this 
is an area for m:novt.tion and invention. 

I. Boo,t,r 

~ AlthoUJrlt the COAt o{ tht1 bootlw and 1l8 

support, coMtitute tl1e bulk o( the <::O!lt of the Au'!' 
system, tht're appears to b8 httle r.ost l't!duction lo 
be gaui-,d through innovation in pro1,uhuou. Early 
studite by tM Aerospace Corp. ( 1~) end the more 
recent ICAS 11tudy(") su11port the U)tUment that 
a payload approachiUJt thf' wei!,.JU or \00 lb could 
st.ill hf 11r-launl'hed from II fit,rhu-r or hf!hter
boml>f'r ~in-raft and llfJrfonn the low~th-<1rbit 
mi,.;i..,n in a dil"flrt ucent 111(\11~. Should thti pay
load lint.!rt'ept.or) weil{ht be ht-twN1n 100 and 
1,000 lb, thf' boost.r rtiqu1ren,..nlll ,ncreue from 
an au,cment.ed 11a.01 (or an Aloor/Star motor) w a 
&cut or a MinulfflUIPI. In ~neral, one would 
oonsider these vehielM as beintt ~und-launched, 
although they could be air-dro11ped i( it we"' V('ry 
adv111tal{eous lo tho mi!llnon. Beyond a payload 
wei:;tt or 1,000 lb, the booster ffi\\lirNl is of thfl 
1\or--Dtlta cl~. It i11 difficult to ronaiive of an 
operational WMt)On system built arounrl " T"'1r-
lklto, in v1,.,, of thti oJlt'l'lltion and maintenanc«i 
"'(luiremflllt.t;, the I~ t~unch cf'l'w 111quil'f'd, and 
tM lotljt tumaround time . reforb1\lhin11 tht' 
launch 11i~ t.o fire II second round. Truire i.1 <'leuly 
~l in<'tlnl-iv11 to kee11 tlltl intereeptor laun<'h 
weight belo•· 1.000 lb. 

~ Nol only woulil tht' OOOll\llr 11.'.t'II 1lri,·" the 
<'O!lt of thf' 11ystem, hut it rouhl havf' lUl im11ad 
with ~ to thl' SALT -.,'T':>em11nt limitini: thf! 
number or 1cs11 launchfl1'!4. U II Al1nutman Wfll'fl 

ch~n for t~ .-\MT OOO!ltn. would it ti.. <'ountetl 
--~ an l(.'!IMT ~ ans"·er is not rlttar. Whilfl t.h11n, 
1s • certain c,,Mffipondence bllt.wl'tln So,·iflt wt<apon
syisu-m boosl(ln; an,1 th11 So,·tt>t s111c..1-la11nch 
booster and while tht1 UnitA!cl Si.t~ ran Mm1all~· 
Ji.'!Ctlm the 1liff.-r,1nct1, would tht> USSR ~11t 
U.S. Sl)M-e boollit1r'!I d~rivNi (rum 1c11M'!4 L'I willini:
lyr It. ha. ... bf'en !iU~'ftllild that IN ,,ro,K'r ,Minition 
o( an ICllld launcher ill on11 Crom whil'h an t c llM 

i~ 4"XJ)e('ted to be fired. In thi11 ('Oun try, th11 
:aunctH!n. ue, hare! fined 1mdt!ll,.'TOUnd ronr.Nltfl 
structu........, they havt> removablfl hlll'llenoo doors, 
and lhey 1rt1 loaded with a lrno11'1\ lChM Siure the 
AitAT mission i.'I quitt, diffttl'nt in operation, t..~e"' 
is 110 nee<t kl Utlt\ the samti silo dNign or to 11rot«t 
tht1 vehiclfi from mol'fl than the natural lll\Viron
ment. ~foN!, Wfl mijrtlt Ht~t that & Mi11ut,
"'4n ou an abov~und op"r. ia,m<"li 11ad or in 
• shiJtllr would not be ~,Nied u an ICBM. 
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~ The questions of what booster to use and 
whether or not it would be counted as an 1ca11 

launcher are straightforward problems to be 
solved-critical, but solvable, and not key issues. 

(U) Not considered here, of course, is the anns
oontrol impact of AsaT'a-the unknowable limita
t~ns th,.t may be applied by SALT to AsAT 

systems. 

~- Opuationa 
~ 'There appear to be a few minor org11nwt:ionlll 
problems with the operation of a U.S. AsAT 1,-ystem 
and only one of major concern. Should it be 
determined that th~ appropriate launch vehicle 
(whether an aircralt-launched BRAM or a jtl'OunJ
launched Minutmian, as typical examples) is 
neithPr now nor ever was eitpected to be in the 
ADCOM inventory, action must be taken to 
allow for it, inclusion in the !iOOpe or ADCOM 
operations. This is h1.rgely a political problem 
intemal w the Air Force. 

~ In like manner, if the appropriate bases from 
which to launch the AsAT to ensure a timely inter
cept at lowt"llt po66ible C06t are not now ADCOM 
bases, it will be necessary to reconfigure the basing 
structure of ADCOM. 

'tsr A princip11I operational concem is bow 
SPADAT8 can become an integral part of a weapons 
system. At the present time, SPADATS bas the 
task cf maintaining a catalog of space objects. 
To do this, SPADATS attempts to establish the 
ephemeris of a newly launched ohject as soon as 
is practical and to predict the position of that 
and every space object 24 hr ahead, so that 
the tracking sensor, wherever it is, can easily 
reacquire the t.arget and update the ephemeris. 
To do this in an orderly wsy, the Air Force has 
organized a (l.roup of sensors, some dedicated, 
but most llf them shared with early warning sys
tems opet .ted and staffed by various organiza
tions, some military and some civilian. What is not 
cl'!lar, and is therefore of great concern, is how 
this rather loosely knit group could function as a 
critical part of a real-time weap.,n system at times 
of high international tension, when many other 
demands might be made upon it,. 

~ The most serious an<l interesting problem with 
regard to operational capabilit.y will be to det~r
mine the number, locatiou, performance require-
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ments, and dedication of facilities necessary to 
support the planned ASAT system. Integration, 
coordination, and command and control of tbe&1, 

facilities are critical fact.ors for the succesaful 
operation of this real-time weapon system and 
are yet to be worked out. 

4. Oour~ 
~ ln d~ any weapon system, one should 
always determine the susceptibmty of the system 
to countermeasures and design into the systan 
whatever safeguard!I are cost eff~tive. The 
AsAT desii,ler should consider the steps the satel
lite designer could take to pro~t lus utellite 
from negation by the AsAT. The obvious choices 
are interference with the acquisition process ~y 
using decoys or jamming, avoidance of acquisition 
by jinking, or attack on the AMT directly. 

~ Using the Soviet AsAT as an example, one can 

e:wnine the ~vera1 tactics the United States 
r.ould employ to avoid intercept. Since the Soviet 
system USM a rather simple radar to providA 
signw to the guidance system, only a simple 
jammer would be required to deny tboee data. 
The Soviet ABAT radar-tracker system is well 
characterized and it operates over a short and 
critical time span, and a jammer aboard the 
targeted satellite has the power advantage. The 
jammer could be turned on thrQugb detection by 
the target of the radar-tradcer search signal. 

~ Since it, is kno"'tl from what launch site 
(Tyuratam) the Soviet interceptor hft.c, al•,ay11 
been launcbetl (and current IL!lSeSSDlents indicate 
it will continue to be launcheJ from there) ant.I 
since the mode of operation of the Soviet system 
is expect.eel to be "·ell established (although at this 
writing it-appears th•t the Soviets may be chang
ing from a two-orbit- intercept to a singl~rbit 
intercept), when the launch of a Soviet Asn 
occur,, the target for that As.,T can be <lE1ter
mined by the Unite<l States to be within a small 
uncert11inty volume. Since our osr satellite can 
observe the AsAT launch and our SPADATS keeps 
constant predictions on our Mt.ellites' positions, 
:mould a launch occur " ·hen on.., of our sat~llites is 
vulnerable, there "·oulJ be 1.5 hr (in the case of 
the singl~rbit intercept) or :J hr (in the case of 
the two-orbit intercept) clurinj? which attack 
asses._c,ment an1I eva.c,ive action might be 
accomplished. 

.·· . } 
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-ta, The evasive action might be a mod~t ma
neuvt1r to rewon our ..atellite fron: the acquisition 
zone of the Soviet interceptor, or it might 114!1 the 
deployment of a group of Jecoys that •·ould 
either confuse the acquisition process or perhapl' 
present what appears to be a much strongc.r t.arget 
than the As.T. Detect.ing the radar emis,,;ions long 
before the AsAT cm ;;eni;c a return, the satellite 
could also trigger deployment or interuptors of 
the IIDP class to directly atwk the Soviet Asn 

before it could attack our satellite. 

~The •hove examples serve to illustrate !14!Veral 

features of an As.AT that could make it less ~P
tible to countermeasures; these an- direct t.raj,c
tory, utijam capability, maneuverability (lateral 
reach), large acquisition zoue (angl.- and/or range}, 
and tcrget discrimination capability. Key factors 
in the above eu,iple of avoidance of intercept 
included a known Asn launch site, a quasi
coorbital trajertory for the AMT, an,1 a •·ell
understood radar tracker. Jr the trajectory of the 
AsAT were direct, then the time from launch to 
i:iten:ept could be on the order of 10 min, 11,·hich 
would severely limit a reactive 11ystem for the 
satellite. If the launch were ma,le from an aircraft 
or a ~bmarine, it 1s not likely that a uu·getetl 
AAtellite could be warned iu time to react, even i( 

there existed a Soviet launch-detection ~tellite 
analogou." to our DSP. If the tracking signal ..-ere 
based on pa.',t,live radiance or 1'6radiance rather 
than reflection of an active !--igllal fn.m the target 
,atellite, jamming or ,lecoy dispersal 1.-ould be 
complicated because of the time uncertainty of 
the attack: ,lue to lack of ea.i I} detection of a 
radar emisi.;on. 

~ Of the systems being considered b) the United 
States rop development, the miniature AsAT 
launched from an aircraft using an Lll'lB !'.l!nsor 
has a clear edge over the othen; in provi,ling tht 
above counter-countermea..<rure characteristics. The 
same systAmi, but "'ith a sensor in the vi..,ible wave-
lengths, mipt be just as good; but since intercept 
would be limit.eel .to sunlit area... this potential 
illumination weakness might. be exploited. A 
ground-launc~ minia!.ure AsAT system could of 
necessity ,leliver multiple interceptors to partition 
the volume of unc.,rtainty generated by c. jink:~ 
maneuver and be able to interrept every object, 
whether decoy or !l&tel~ite. A groun,1-launched 
conventional interceptor with an L'Wlll sensor 

needs to havto the lateral range to cover the un
certainty generated by :inking and the &bility 
(discrimination) to identify the target in the 
presence of decoys. 

~) Thus, from the expectation that Soviet coun
termeasures might be employed against a U.S. 
ASAT, it •·ill be advantageous for the U.S. Asn 
,lesigner to strive for a long-ran~e sensor with the 
possibility of ,liscriminittil'll an,I small l>ize with 
the possibi!ity for proliferation. H be is s:,,...ces...,ful, 
he not onJy ha.-; m principle an effective -~SAT (in 
early expected encounters) but an anti-A:,AT (for 
the cummt Soviet AsAT). 

I,. IUNETIC El'iltBOY KILL SYi<TJ:llS SUMMARY 

ts) Of those issu~ addresseil, five can be i,lentified 
&.'> key is!-ues which, if unre;;olv,.cl, can have a 
deleterious effect on the U.S. ant1l-atellite pro
gram. The iive key i..- ues are: (I) the tlll'J?t!t li.c;t, 
(!) the orbit ,leterruination system, (3) the 
system rea.!tion time, (4) the mis.'I ,li.<.tance that 
can be enfo~. and (5) the lethality cnteria on 
which satellite oeg-ation is ba.<;te,L Other issu~. 
while contribut~ more or less to the ,lifficulty 
of the AsAT task, have much les.,; effert on the 
out.eome of the ,levelopment snd are tbnu~t to 
be amenab~ lo goo.I en,nneerin,: judJ?flle.tt. 

IV. HIGH-ENERGY LASER OR BEAM 
WEAPONS 

A. INTBODU(.TION 

~ Signific-.antly beyond the tec-hnolO!Q· df'Sl'ribetl 
above are high-energy lasers aml particlt beam 
"·upon.'- suitable for u.>;t> in an antisatellite 
system. Smee lasers are considered a sui>l;ta.ntial 
advance in the !>late of the art, le:-. .. attention i11 
given them here than wa.,;; ~ven kinetic energy 
de'7ices. Because particle beam weapons are even 
further future developments, they are only n-fer
red to, n<'t• ,l~ribed. The vround-ba.~1 high
energy la.~r AsAT is th«'ught to be the e11rliest. 
achif!vable "·eapon of thi.,; cla.-.s, aml it is ,le,;cribetl 
ID more ,letail in another paper iil thi.-. ,.;eries. 

8. BACKGROUND 

~ A "beam of entrgy" hlL.-, long been the ,trum 
of the scienti~t L'I 1'·ell &..'- the :-cit-nee fiction 
writer. Ir. 1898, H. G. Well" wrote 

It. is still a matter of 1'·onJer how the Martians 
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are ahlt1 to slay men., s•iftly IJ\d eo sik-ntly. 
Many think th11l- i.l l!Om• 1ray they are ablt1 to 
~tlflltfl an in.tMl!e hMt in • chamber or 
pradi~llv a~1h1t• non\""n,lurt: •• it,y. This in
tt11111e hMt they 11roje<-t ma 1.aralt.l bMm ar.iruit 
any ohjeort thc-y rh~ by m•am of a (M)liaht'\I 
1,anbolir min>lr of unlwo..-n 00mpr,aition, 
murh u th• 1•1arabolir tr1rror of a li¢uhoUM1 
projec1s a hf.aim of li,tht. But no OM hu 
ab.olut.-ly prov,fl(t UM. d•t&ila. Ho•·n..r it i"' 
1lotw, it Ill rertnin that a beam o( heat. is th. 
eee.nl't' of thfl mat.t«. Ht1at . arMI invisibl•, 
1rwtH.,I of vit'ibl,~ litd,t. Wh11t•,·t1t is oombU1tibl. 
ft~lf8 into flarn• at its touch, lt1a1I run.• like 
1rat.r, it aoftffi11 iron, <'1'9<ttl enil nleita jll-. 
i.n,1 ...,-hf'n \I ftalh, 111,on •·at~r. inc-ont.inMtly 
that 1>x11lo.l"' unto 11tf!,11n.(H) 

It i8 int("l"Nltin,{ to notfl that hto ,lilk'~I thf' bum 
pointillj? by 1nMn11 of a Jl&l'1lholir mirror, th. wav~ 
lffljtt)I u not hf!illjlt visib~. an,I thti kill llM!Chanwn 
hein,( that of a h~ch h.at loa1I. Lal.flt' in tht1 sam• 
te1xt he notes that the dtiYit"t! jlaY('I off a ",rrttnish 
ltf.l." Th• 1~ption 111 a moN'-<lr-1.s attut'ate 
dfllleription of t ~ II F or OF IUPr that is bei"I[ 
«-xploil~I as th• most pr9rt.it'&I \at th111 tilllf') 
tK'Ul'C«' of luer «-n•r~·. M(lSt of thfl w41apons 11ystem11 
i-tudiftl bein,r rontluc:tNI no• or in rec-ent )'N~ 
att«-mpt to tab ailvan~ of th(' h4,,,h flfliciteci~ 
. 1~ia~I with <'h.lll,;l'al la&ffl' oou1,lell with thei1 
short wavcl~s that allow t1'la1ivel..- emall 
mirrors tv focu~ tin" en«'re{l· on a small s1M>t at a 
rather I~ ,list1ane11. Prior to ,li~uMin.: thf' 
application or a laaer to the Atu.T 1•n.-hlt1m, a hri•f 
revi•• of lall('r l<'<'hnolott)· is m o1'lt1r. A mon
thorou~h rov«-~., but 11till a primM on th• suhjKt, 
is c:oot&ioed in Ref. ao. 
~) HF an1t DF la.st'~ I\N' c-ht-mical rombusllon
drivfln 1lttvir~ that IUf' in th• 2.7- aml :t~-mirron 
wavel«-n~hs. l"Nlptl<'tiv.1ly. Somfl ilevi~ \IM> eithM 
m~tium int•n:h~rNbly, with theslijthtly1liffM.nt 
generation an.I tran."lnkll'ion «-ffirienri«i U9Ct<'ia;~I 
with tiach. 

,S) Tht1 dry ,n,~t of t.h" IUt1r is about O.A to 0.3 
lb/kw of u1M1ful laeer e:.ierJ(Y Jlf'DMate1I. an,I it. 
expends on thl' onler of onf' pound of worluQlt 
fluid for every 200 or e,c, ki~joul'3 of ene.i,.-o·. Tht1 
-night of t.htt tanll"t(f' to 11tort1 thl' workin~ fluuls, 
as well a.s th<> st.rurtu"' to 11upport the 1a.¥r, 
l&rjlfdy ,lepend11 urH>n tht- propo,sed llpplication aml 
total beam-oo timl' rt1quirw ~fore l"(lfurbishtnent . 

~ At. this WtitirtR, tlleN! ,w num«-rou.~ HFIDF 
la.."Wlrs OPflr&linir in thp lo.kw t'efE"On an,I nm la1"Jlf'r 
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lill'l'no built h.' g&lllrif1'l a ~ri~ of thl' !Vnallf'r unit". 
Thtt b~mt- ,IHnonstration 1a.-!t'r nom:nall~· u1wr
af~ al too kw, 11·h1I• th• 1'.avy-DARPA c-hemi,.al 
la...- 01~rat"" al ~t11•N'fl 400 an,I 500 It"'· · Other 
larpr la.~~ o{ th, fH· 1n.,._~11·att rla"-" an- in 
1ln«-lopmtint and th• 011t1miittir ,.~·i;t('m ,1-,.i,:n«-r 
"·otk-- 11·ith valu""4 in tht• tflll< of ml"jt1lwatt:-i. 

~ ~iirror t«hnolORV hu p~I ra1mli)· in 
~t yNrw, hem,: ,lnnn in µart by thti spa~ 
utronorut-rs and Jlll1Jy by th(I hi¥fi--et1•110· IM.ir 
lrfff >n a1lvorat" A 2.4-ruett-r-11iuntiler mirrur, 
1liffrartioo-timit~I at viaiblfl wanl«-n~hti ao1I 
!IUitAbl, for llp&N' OJ)f!r&tion. t!I uail1bl• tocl1y. 
Tfl<'hniquN for buililin~ largpr mirro.._, •ither 
monoJith1r or ~fflted, are btoi~ explo1?41 •ml 
DARPA l1u 10 dnfllopmfflt mim>t'l4 that ran bf' 
foMf'II for launch and thm erN'tf'tl for spat'41 OJM'ra
til)f\. 'llM!ir 1,!0111 i11 to ,lt'lnmnstnt" ,lifr~«-tio:t• 
limitNI opti~ tens of m«-t.-111 in 11iamflt('t. 

~ Jo'or hil,?h-enefl!Y IUt"r opentH>11, the rt\ftN"tanoe 
of a mirror m1ll't be- nry h,~. or «-IM- th•"' will he 
r ~nn- p('nalt~· in coohnJ! Wf'iicbt or in IM'nnit ·..,1 
01,erati~ time. Whilt' 0.99 was hit?hly al'('laime,1 
in th«-1,ast, o.m is c:uffl'ntl)· neilabl«- anti 0.99119 
is fo l"f':lff .n . 

~ Arti•ti rompe.nMtion for nonplanar 1lhunina
t ion an,1/or turbul•nl atroosph«-n- 11t alt10 11n1lf't 
,lenlopmt1nt. Th~ t('('hniqt1fll'I, «-allf"II a1la11h•• 
011hn1. ~ to rom11(Yll&1tf' for t hr «-ITOr by 11ur
l~Y tlf'fonmn,r a small t!C'J!lltt'Ot or •h• optic.'11 ti() 

that tb«- bf'am 1111liffr9ction-lim1tNI when it arri\'n 
at 1h11 mtentlNl tat'J?"t. AC'ti,·t' 11,fomu,tinn in rt'al 
tim,. for a tran~imt 11hC'nomtonon, 1111c-h a.~ atm(lll• 
ph,ric- turhulMC'f', 111 nu small aN'Om11lishment. 
Tl>t1rt' has hN-n tn11rh surr~ in tlu:1 arN, an,I it 
111 pron1i~I 1 hat ni.,n, i• in sl<'l'f'. 

~ Of primary ronN"m t(l tht1 high~n«-~· l'2W 
w,apon sy&tM' d<>: ·i~-"" 111 : "" mahilit~· f(I ii;olatf' 
thf' \M'r tw..n, from ,·ihration bro11ttht "bm1t b~· 
l>Mrinit fnrtion in th, ,.;mbab. umtahlP rombu11-
tion in tht- laM<r. or vt1h1clt> mt'ltiun. ,Jitt~r ra11M11111 
l1111Hrinl! of th, ifam11(1' 11Jl()I an,i , ltnlNl!I ii i11 

kfl1,t lo • sm"U frartion uf th, 11pnt "'''-"• t.b.
t>en'1lifll'I in po,n,r hN-on1«- .,rr,,at. (11tTt'nt 1it-m1tn• 
11t.ratf'\I r.a11"hilitit111 an- at l«-asl 11n ol"IIM of ma~i
h11lt1 11hort of that whl4'h 111 1IM1rNI. 
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been COl'sideffil for high-energy la.-w A11A T have 
d..tt. •·ith ground-b&aed, aircraft-based, 1ml 
,,-~t v.-eapo1111. Each ha.-. its aclvan~ 1J\ll 
diaaJvao1-gal from an operational point of vie•·, 
but rn~ importantly, tl,e techr.olO((Y l'flqUif'
!Dffll$ for each are quite ,liffenmt 111,l th,111fore 
tM qut111tion o( 1mmediaty i~ rai:lt!'II. l-:1rh j., dis
clllltWMl in tum in an att,n.pt t,, J'IOint O\lt it!I 
aalien\ feat~, but hf.c-au~ la~r 11er11011 :1y'ltf'tn 
technology ill ,10 nn,· 11111 so littlt> I!-> known of 
luer weapon effect.!', 111'1 uetailM a.-i!I limit4!d "·h•~1 
ccapared to kin,.ti(" en~ kill inten:e;,tor.t. 

-te, The ground-ha.'11!(.I la.~r can be of almc,st 
unlimited siu an1l ,reight. aml t>ffici•nry i.~ not a 
aeriuus problem !IUch L 'l is !Wn for th(' mol,ile 
ayatant1. ~ 1lfll'i1'nf>r hL'l an inu-re,dinit >11!1 of 
J)UamftU!I amq •·hich be must tra1lfl in nrdM 
to aehieve an effN"tivf' s~tem. ht,ally, thn wHpon 
:ty•tem llit~ •·ou1.J be lot-atNI ._., biith a.,; po,;i1ibl,, 
atop an ea. .. ily a~ible mountain, tK'rt11p-;, 10 

rninim:111 the thkkn~ of 1tmo:1phf're throut'h 
whith the l1!1er beam mu:tt 1ienetratt>. A ,1,-y 
etnironmMt wouM also rehl•ve the attenuation of 
the beam throu,ch th, atmosph"""· 

~ With a ?U~e fix('(I in!itallation, thf' array of 
atA!lllitet' that can s~c~ully be e~I i~ 
N'l.lucetl. Becau!M' of lhf'rmal bloomin,t an(I •tt~u-
1tion, there i!l a ~ bf.yoml ,-·hith sufficifll'I 
energy to destroy a sa~llitt1 cannot be 1ltlivt1l'tlll. 
A britif ,ti..~ulllUon of thi:-. phsioromon i!l conl.aint11l 
in Ref. :H . 11Ntrefore, thfi jtr'Oun1f-baMC!tl systf'm 
~u only atr•ck low..Jtituch, i1atelli~ th,t 11a., .. 
nr•r thti laser i.ite. Althou,ch the tafltfl list ,lii1-
c-•1~t r.arl~r llet the hi,hest prioritito1 on thost 
'fffy •tf'llites 1n1t no otherll, it is :!Ml\ that, whilt1 a 
r.rou1114-ba..'lt!41 s)'lltem mii(bt be very f'ffN't ive in 
the neer term, it hat< littlt1 ~11·th pohmtial. 
(Thul is not meant 1t!l • 1li:1p~a,: !'\'mark. The 
~uud-buecl !lystem multi pl'O'ride an ~~tivf' 
AMT during the interim periocl • ·hill' the &vit>t-!I 
dnelopl'III nfl•·or h~..Jtitude !ijltellit~ aml • ·" 
were developing oth'!r mMO, ·o comba~ thMi.) A" 
the .Ititude is rai9llll, ~ iM thf' period of th11 orbit 
leug\heneil, iDc1".Sing the s~JM>Ver lli.qtanct1 of 
the sa~lite trac.k on the lt"Ound. Tiuinfoni, not 
only are hi{dit1t a.lt.itude 1<11tellitei Carther removed 
in nrtical ranp, but they can be farthn a•·•y 
beeaU9e of ~ lat«al off911\ bet.ween the 11ite aml 
~ ground trvk of cloeMt approar.h. 

• 

~ The DIOllt !lf!MOll!l proLlf'm with thl' 1mmn1l

ba.setl systelll i11 that of l'\'actmn time hf-twHn th,• 
order to <l. ::itroy a particular satellth• 1111d tht> 
satellite's ,lestru,,tion. Tht> t iml' 111,,.,. rout.I hi' r.~ 
much e.-i 12 hr betwee-n thf' onlN to fil'I' 1111>! tb 
11xerution. Ho111·evn, if onf' a,,,umt>S that 11 1111111bf'r 
of :(it '.':4 IU't' built to :;olvf' the latf'l"lll o1Tl14't 11robh•m. 
thNl 11ro1ier <'hoict> of 1roun,I site would 111\ow I t,r 
AsAT :iy~tt"m to attack 11 )lartil·ul11r ..att'lhtl' with 
ltlS!\ ,lela)-. The locatio1,., or tht>:'t' sitr,, ""' im
portant to lll'Ovi,linr this timeJin~"· whid1 the11 
rai~ the 1n-oblem or ovt'n<t'a,- lia~s at whirl, to 
10<'.ate "'f'llpol\ ,:it~. This pmblt>m 1s yl'l 1<1 lw 
acld~~I. 

~ Thf' orbit.-..le~r1ninllt.iun !->y i-tt-111, 111·hirh ,u . .; so 
important in th" 1lirt'<'t-att.ark, ki11t>ti1·-<>11t>r,..•y-k1ll 
AMT ,;yslt'm~ ,liSflls.'INI r11rlitr hL-. f11r It'"" ,lrn111111l
i~ perforn1an,~ l'f'qllll'Nnrnt:- in this 11pplir11t11111. 
Knowled._.,. that a launrh 1M'l'llrt'l'II \O:lP) w1111l1I 

altlrt the usual trt.dr.ini,: ,.tations, an,! 11 mul!h 
ephemlf'tis <'ould be f'SI.Ablish,d r,nl~· 111 thl' 
11atelliti1 orbit. ~inCf' the mifrowavt> r11,l11n. ban 
the 1:.ap1bility to l:K"IU'<'h ,,. llll).'t' n,lumt> ,·,•r~· 
rapidly anti ran ta.,ily 1\el1;>1·t tl1e 11~111·1• uf 1\11 

orbit.ml< !'lltf!lhte wht>n tht• sat•lht..- is still >-C\'l'l'lll 
orbit.~ from th"' orbit or rlt~I 11ppro1tc·h. ii 
appelU'!l that a tt'a.sonablJ l•ri-,,. nurrcllu,·r r1ul11r 
locatf'tl nu.r thf' IL'-E'r :tilt' (nr <'oupll',1 to it 1hn111~h 
• paralla.x r.offl'<"ll')l\) ,.·011ltl Ill' a Ut'rl'l'.,ar~· 111\jnn<'t 
to the :1ysl.t'm. 

~ Oi'\'tm tht' orbiuJ 111r1U11l'tt'l"l-, \lt'rl111p,- 11s 
r.nufo liS from D:•P. a radar t·oul,t ,,ta&N"h. 11r11111rt', 
an,I t.rark tlt" potential tal'),."t'l satellitl' 111·1'11 hrfnn
tbfl 111..'l('r syi-tf'm nN'lls lo ht alt-rl('II. 1'ht> tr111•kinJ,: 
accuracy ll('t'(l11 to be ,-uffifiently Jlrt'<'t:'l' 0 111., · 111 

mi11i111iU" thfl l'fforts or the lo"'·•pi;w1·r ll\..;('r tr,ll'kt•r 
that would be IUl int('1,.'Tal par! of thl' la."<'r A:<.,T 

!-Yt<tflll . llsi~ t'ithn thfl """'" or 1111x1liary optir,-, 
the \1,.<ier ta-ar.k1,1r would provi1lfl 11111.a to pmltrt 
the, orbit 11re-risel~· for thl' atta,·k, rharat·t.-rir.t• tht' 
&ut\O\>J>hei.ric i•ar•m"Wl"l- 1moii-h11"1" , t11rh11lmrf.". 
du:1\., l.'tc.), and t.ramfcr thfl trarkin~ parallll'ttn- to 
the la."ft Wt"&pc>n :1ysuim. 

~ Tht> wavt1l('lfll!lh l'h11e1eu for the, Wf'"\'°n wonltl 
m1ult {rum an ""aluat.ion of !l('\' f."tal 11!U'llt11t'tf'rs, 

thti 111<M1t im\lOrt.fU\t of whi<'h ""' 11'1f'n&r~11111 of 
that. ,ravt>lf'~ ..-ith thl' atmos11ht't!' 1at!"n11ation 
and bloomin,r), effiriflnry with whic-h th, «-lit'~· 

,iould be produced and directltd, and thfl f'ff~I aC 
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that wneleiq,'1.h at that p.iwpr levt>l .in the t.aq:et 
satelli!e. The attenuation is les..'( for a.8 microns 
than for 2.7 microns, but tht'I efficiency of .,,aera
tion is better at. 2.7 microru and the mirror for 
that wave-leDJ?t.h ran be sroallM for a J(in•n kill 
<1pot :rize, althouit!I the precisio11 to whir.h that 
mirror m\llit be !?l'OUnd is .,~ater. 

'1St- Jitter is a less serious problem for I fixe.i 
groand-basf'd system than for a mobile unit.. The 
sheer massivenf'SS that is poc-siblt'I in I fixed inst.lJla
tion precludes sit,.'1lilfoant motion of tit, com
ponents. It is npect(ocf that wavefront jitter and 
vibration from even the l&rl-'ll bearinp in thl' 
mirror j!imbals can be comJ'lt'nsat~ tJirou.-:h tJ1e 
adaptive optics. However, the primary reason for 
the adaptin optirs is to com1iensate for atmOll· 
pheric turbulence. 

-(8r As for lethality, the samt1 problem e:ic:i:it.s a.-i 

with th, kinetir ener,o· AtuT. Th«' 11pecul1tion!'o 
that exist at this tim, ~11irt1 tliorou!?:, anal)·sis 
and experim,ntal dt'monst.ration that a particular 
power leve,I ove,r a 11eriod or tim, will protl11re, a 
satisfactory 11robability of kill. The, cu~nt t:-ti
ma~ of the eDl'fKV l"fl(Juin-d to kill a ::-at.ellit.
~ from l ks/cm' to 10 ks/cm', but it ist,.renen.lly 
agreed tl1at. for current ~wit"t satellitfll< t.hl' cl'n
troid oft.he !?oatt'lliu i!< th11 <'flnt.-r of tht1 ,·11lnerftblt1 
lffa. 

~ Assessmt>nt. of kill l\lso l't'mains a -.eriollll 
problem. Thl' t.tthniq11l'!I di1tcnSSl'd earlitr io tllii; 
pa1ier apply to the, las,r llystem as wt1ll, but ht1rt1, 
sinw tht1 kill n1E\thanism is essentially onl' of 
hea~ ~11 meltinJ:, it is possible tl1at. ll SJ)('("troml'

w woultl btl 11!Wiful in me,asurini,,: th.- l'nei,zy de,po
sition on the ~t- and ~timat.ini.r kill 011 tlu\l 
basis. Other techniqu~ usiDJ? a s1>l'<'tromt1iflr 
include tl1to deu-ction of materi"1s known, ft 

priori, to btl within tlifl vulnerable ,·ohm1t1. 

-(8) Shoul,i thfl kill do:;t1 he m~inal, the pnulPnt 
system designer would tle\1f1l01) the <'Ap1<bility for 
iwn~ng the target, in a mininlill ti•ne ftfwr kill 
as.wssm11nt. Thi;, ta..<\k is depe,ndent 11pan the :11'1N'd 
with which kill a..~111t1nt. can be acc-omplishl'd, 
th, available ~~phy ovt'r which the, N'Jlt'at 
attack ran take place,. and the £und1 ani\ablt> for 
& backup \a.qer silt'. A care(11l i.wsums analysi!' 
will sho11· whether the more efonomiral •1111marh 
L"- ta ~n~>e a taJl,!f'I tJiat wa.<1 not. destroyed in 
tht' first attack or to use th,, ""5011~ that 11·011ld 
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support the reen~m.-nt site- to ensure t.hat the, 
first. attack WL'\ o( :iuffi<'ient certainty to 11rN"lud(\ 
the n-qu1N1ml'nt for ~l~'t'mtnt.. 

(U) Counwrmeasures is an att1a that l'flqUin!:< 

r.on.-.iderable thouJ?ht, l'Slll'rially at this tiint>. T:1e 
prudent system desi1,m(\r will incOl'JlOr&IA! tJ1l' fi~t
~l'ration r.ount.er-eountil'r11\t>asurt1 int.u his de
si~1 to be assul'.'(I of i-ome finite lifeo amt, the,refore, 
valueo w his system. 

~ The <'h,·iou1,1 ~unttnneuure for a l-"'°un1!
ba."f'C.I ltlSt'r At1AT is to ~o•.ate th" htellite inu• tht> 
nunimal cn)Sf. ~tion wlativt1 to th" la...e,r an,l to 
hl\' t'I a hiJ?hly refl«t.ive surCart> C'OVt>rini.: th,u ,·ros..,; 
~·tiol\. ~inrt> th, satellii. ha.'( knowlNIJ..'tl of the 
IO<'ation of tht' J..'TOtmd bL'W.', it wouM lit' a simplt> 
matlA!r to int.emJpt Ult' ruis.-.ion or llle ~tl"llitt' 
,lurin!? tht> t~ml' it ,an ht> ottacbd, protf'<'t it~U 
in the aho,·I' mannt>r, an«! niin.i t&tf' the, 111i~,;1un 
v.he,n tht- dant-1'\'l IJ"l'a has hffn passed. The ~t.-1-
litl' operator mu!'t lht1n 1ll'tl'rmine if tht> 111i~1011 
can be abort~ while o,•l'r that I.N'&, whirh then 
l;'Stablishf'!, for the At1AT t1tlfrator th.. need to 
locate the, ASAT nt•llt thf' area whl'tt' thP ,;11,te,llitt> 
focu:,('!. its prim~· mis. .. ion. 

E . AIR<"'R,H'l'•IIAt\Ell LAl'ER .,t1.\ •r 

~ Thi" nl"XI ronsi«l.-ration in la~r l11t•ati11n is It• 
utili7.t' 11 llll'J.,'t' airrraft, a ( '-SA or witlt>-botly jt1t, to 
cany thl' wnpou systt>m to 11. r,,lftll\'l"ly hi!!h 
oltih1tll' to avoi,I I\."- murh nf the l\tmos11hl'N' 11.,; 

possiblt' and, J)l'rha1ie- 1110ft' 111111orh111tly. to 1(1\'I' 

th., All.\T s.vst4.'m " ra11aliilit~· to th-,;;tl'I•~· 1111 t>m•111~
!'lltellit4.' wh(\l't'Vl'r 11ml 111·hl'nl'n'r it i~ 1m1k1rtetnt 
to ,lo :-11. Tht> prirl' that 011t1 ha.-i to J>A~· r,,r thi:-
capahilit)' is not smAII, amt i;('''l'l'III hidu.•rto I~ 
important i~ ut':I 11>·itJ1 ll'J."lll'II t1• 1t•d111nl11~· will 
lM' raiSt'tl. 

fl Th<' t.a?)-'t'I list. will n11t hr :-11h:-t1Ulli'lll)· 
rhanS?l"l, in that "·bi!,, tht> altit11dt• i:a ni-l, t\11,.: 
n'dno:inJ: th11 t>ffN't:- o( tl,.- al~110$phrn', thl'n' is I\ 

limit. 11lft<'f'll upon tht> si1.I' (.,·,•ii:ht \ of tlw lll..'-t't 
a111I it" fut>l suppl)·· At thi11 writ ini:, th~n' h11-., not 
)'<'I \w,,n puhli!-hN.I 1\1\)' traulroff \)('\Wt't'n th<' t11>·0 

tfriYin~ 111\rlllut'tt'r.-, 1U\tf t h11,;, it i:- not known 
whethl'r tht> list itl lonJ?"r or shorlt'r. 

~Tht> mun- import.ant 1~11(\ i:1 the 11npr'li1<•tftblt' 
\by th, satl'llitf' llfl('fll(ol'l') location of thl' air,·rah
ba.~ A11.\T. Ir one t\.,-.um~ thl\t thl' 11•1mbtr of 
!<ftte-llitt'II that 1·an lit' athtrkt'tl i$ tht' sam4.', thrn 
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the f8<!Uirement f01r t.be satellite to come to tbil 
AeAT is eliminated ■llld the enc.ire arrav of saullita 
is ~t risk. The sateUite operator ~t count on 
being Sf!Cure from attack, except during the 
rather short times or overflight of his own count.ry. 
With the potential use of airfields th'! world over, 
the UniVld State, c-0uld have I\D AMT that could 
respond very rrpidly to an alarm and not have to 
deal with the ::ountermeasure discussed earlier. 

1f't Another capability that could be associated 
with the aircrafki&rried AIL\T is the ability to 
cany out an attadi: and a reatta.ck without the 
problelllS associated with fixed ground b&!WlS. An 
A.sAT aircraft open1ting m the high northern (o!' 
southern) latitudes could attack a satellite and, 
ir the attack were judged unsuccessful, could fly 
to the ground tra('.k of the nnt orbit and reattack. 
No' e that with sufficient warning the aircraft CN1 

always proceed to a point directly beneath the 
satellite and attack •without any degradation due to 
lateral offset range. 

~ This capability does not come easily. Requir
ing that the laser an.d its fuel supply be tnnsp.,rted 
in an aircraft impo!ies the consideration or specific 
power of we lase: device, mass flow efficiency of 
the worki~ fluid~, and the design of a liiditweight 
fluid supply and structural-support system. No 
longer would the system designer enjoy the luxury 
of being able to use virtually unlimited weight, 
volume, and coolan1t.. Recalling tht1 years of effort 
that have gone int.o the Airborne Laser Lahl>n1-
tory, one can hope that the system designer cai:. 
and will take adv&1nt~ of the many solutions to 
problems of aireriaft-located high-energy l~-.ers 
that were di.sc:overed there. 

~ The requiremeints on the orbit-determination 
system are also greater than for the ground-based 
system. No longer can a large microwave rMlar 
be used as an adjunct to the laser device, in that 
the aircnlft will ah,eady be crowded with the laser 
system components, and we cannot depend on 
operating near : •n-t>und ndar :hat can suprort the 
AsAT mission. Th\11s, the orbit of the sateUite to 
be attacked must be described with sufficient. 
8C<'uracy that a radar (microwave or laser) of the 
size that can be earned on board the aircraft can 
!'!arch, acquire, tr:ack and band over the target 
to the 1.ser weapo111 system early enough to effect. 
a successful intercept. 

~ Jitter is expected to be a serious problem in 
aircraft oper .. tion. For n1Dges of operatio.: on the 
order of several hundreds of miles, it is desir,ble 
lo have jitter down to a few tenths of a mH"ro
radian. To date, the cp~ration un a large IKC-
135) aircraft attempti~ to track a target. witJ1 a 
0.6-meter mirror has experienced jit.ter on the 
order of a few microradi-.n.s without a high
powered laser on bolll'd. Thus, it is seen that an 
order-of-m&gllitu-le improvement, plus whatever 
else is needed to compensate for the laser itself, 
is required. 

(U) The wavelength chosen is now (in the aittraft
born~ case) less dependent upon the atmospheric 
absorption and more depen<lent on the efficiency 
of generating a plane wave w:th little inherent 
jitter. Again, the tradeofJ study to support this 
choice is yet to be made. 

~ Kill and kill-assessment considen1tions Ii.re 

similar to those previou~ly discussed, although it 
is doubwd that a kill-assessment system oould be 
implemented within the confines of the aircraft, 
and thus, retire would depend ur,on the availa1>ility 
of space object identification sensors to determine 
if kill was indeed acc<"nplisbed. 

~ Countermeasures for an aircraft-home laser 
AsAT are more uifficult to conOl'ive than for the. 
ground laser site. The form of the solution, how
ever, should take into consideration the problems 
peculir to aircraft-carrioo lasers. Limited weight 
and, hence, limited power could be exploited as 
well as the genenJly ex()"Cted higher (than 
ground-based) jitter that would result from 
aircn1ft vibration 11Dd buffeting. 

F. SPACII-BASED LASEil ASAT 

~ Space-based laser AMT was the subject of a 
DARPA-sponsored study at LMSC, and this is 
reported in det.ril in Ref. 32. The scenario used 
by the invf'Stigators involved the requirement t.o 
negate a large number of ~tellites (about 75) in 
a i;bort perioJ of time. The periodi; stulli1d w11re 
both 1 anti 7 days. The currency of value in the 
study wa.c; the number of SPASEB (for SPAce 
laSER) attack sateltites of a given technologiJal 
level lo destroy thl' target .AJT&Y in a given leng\h 
of time. A summary of the resullc; is shown in 
Table •· Here, 1t i.c; seen that incr:?a.o;es in tech
nological capability have au immediate payof!, but 

JDR 205 

' 

I --- --- , 

.. '<.c .j.j~~ ' 
. _, .;,._,. e·a6rlT&f~ 



'l'.uuc 4. SptUU II pnjorru11tt. ,ummars,.• 
(Tubu dauiJ,td-Bmff.) 

~ -.....!!:.....11111.!'!!l!!!!. !.U!. 

'"' I< 1 , i, ,. 
,:~ : , I I ., ., 
>C\. I o I I ,. 

" , ..... 
' 0 

, . lf II 

~'5 ~~.'~ 
11'< ) . I ,. 11 

,.,, • 0 I I " II 

""' IC , , ,. 
1. ~ Cl I : 

:_•~ 1•0••'!f.'' J!I 1111 
1 ,\-u, • I ,. 
1,000 . , . ' 
!.iX'I:' .. ' : .. , 

1C, 1X' . ' I ' D I ,c1• 

•~,... l,,. , :.....,J 'll••lh• ,.... ,..,_., • , _.. •• 1-.. 

~ h• ... ... ..... t"'•,. ·• •I • J ,1 . , •• • I - , ,...._, .. - • • --1, .. ,..,._1, .. 1 
..-,\ 1,- .,. k l .. tl .... ·• 1 -.. ,,.._,. ,--.111• n,.., . 1,-. ,0 , It H H ••• .... • • • 

-• - - N • •• -" I • • - 1• ,..,_, __ • 

Vu1l the ~al payoff romec,i from thf' 11bility or the 
~PASl:R lo maneuvt't. 

~ In the operational ;nod~ sel.ctA!d by Loc.k
het:d, the t\PAIIHs w~ locatfld at altitude11 
bttt~tlf'I\ th(IS(' O('CUpied by t.he ~t sat.elli~. 
and tJit- tari:.,,.ts wett attack.Ni as tbf.y neared 
their point of cl~t approach. A limi~ maneu,·er 
<'a11ability on the JW't or the SP,.!\&a allowf'd , 
ph'\.<ie chani,! m the orbit r.nd ~•Uy speeded up 
the OJ>portun.it.ies for int,.n:f'pt o,•er the oppor
tunititl:l that. would be t.lforded ir the tiPM&R 

maintained a f&."ted orbit. Th" kill dose ,,~ 111'"8 

1.6 lu/cm•, and the kill tim~ Weft up to 100 !le(". 

~ Subt!equent s:.Udieiai, abo spousol'Ni by 
DARPA, entitJed "Advanced Radiation SpaCf' 
Deren.~ Applicat.ions"(11

) and ''Lo~ Range 
Optinl System Study,"(14) ftltplol'C'rl the use of 
sp~ba-t hir,h~nta,zy lasers as All.AT sys•..ems, 
but. with litt.ie improvement IU the slate or muw
~ of requirement for such sysums. 

~ What hs been mis,.,;i,ng from these and other 
system iitudies of s~based l&SffS i." the ex
ploitation or the characvrist.ics that are peculiar 
to a las.ttr. The above studies ttta~ a la...~ as 
if it ftNI a ~n. cauSM ~ AMT to approach UHi 
target., and then fired l.M laeer inm. A laser has 
a number \lf peculiar properties that can t1'tily be 
exploit« by the clevf'f d'6i~r. A l~r has 
variable power, instant.aneou.'I (almost) time of 
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fti,cht over a fairly I~ dist&nr.1', and a VfJt') 

rapid retarg~ting capability. Now, ::on..~der ut.il• 
i.zi~ such ~pab1lity ap•n11t an advanced !soviet 
satellite that hu pl&I..IMMi oert.ain count.l!nneasures 
such &A maneuvers or decc,ys. If tl1e li.S. AMT 

proceeded to what was e~)!!Cted to tA'I a point 
from which to att.ack and was fac('d with a t.rget 
that was wiocly •i:splat'ed becaUtie of Ill un
expected maoeuvf't , then the laser woulJ have 
the~ oo rualrl' up for that. maneuver and could 
carry out. the m1S:>ion as planned. A more complete 
exploitation of laser rapability i~ seen if the 
~t expect.i."'~ an attack should deploy replica 
dec::,ys. Io this cast,, the, lllf.dI ASAT could l'Niuce 
the energy in a pulse and rapidly fin,, at each 
target with a quar:t.ity of euergy sufficient. on:y 
t'> destroy a decoy. With the re~tin~ and 
targewecognition ca~ilit.ifl!> that c.an be built 
int.o the As.AT, all the decoys would ho, ~bly 
des.troy~ and the ~t remaininJ: would be th• 
sa~tlite, which C4>uld then be destroyed with a 
lethal dose, L'l planned. A space-ob'd ILwr 
AMT is nluable, not because it <'&D do tJ1e suue 
job as a kinetic ellt'~ int.el"l'A'ptor, but bec&ulM! 
it can ~~te an array or fir<~rdtr counte~ 
me:..su~ •1th ..-hich othtr systems havc- J!Nlal.ttr 
difficulti.s or require h~er costs. 

~ A shortc:omlll4! of Ult' sp,a-«-~ IL.~t AMT 
s~1=tt1m is its Vf'I)' J)ffM'nN'. To ht' t>ff('l('tivc-, thr 
AMT fo~ must be on sution at all timf'8, .. ,ady 
to act, bttause it would requin- 11 sii,iifi<'ant 
amount of monfl)' to maintain • fort"f' r,"~dy I !'! 

launch and • rat.htr laq?e (rompared to tht' d~ :red 
reaction time) time- to JlUl thf' fol't'.f' on st•tion. 
Such an am1y would ap1~ar provouti,·c- and rould 
Pasilv inc1~ an attack on 1t. Wbilr th1~ is not • 
t~~1ological rrobl,m, it is noraetht""'5s ru.l and 
must be ccmsidert'd 10 ~ plannin~ for • spac-e
based lasrr A~T fol't't!. 

0 . LAtll.ll A<oAT t\UNMART 

~ In summary, re~anh1~ 11.Sf'r AMT i-y<itt1m!I, 
it appnrs tltat J.'l't'lun,J.ba.'INi l&Sml hl\'t' thf' 
ff.l'liest pot,mtial r,lr operation bf.(.au."-(1 of their 
lesser requittmt1nt 101 li~twti1,.-ht advanl'ed 
t«hnvloizy. ~y al:,o han limi~ ~•th. but 
thtty m~t well ron.-;titut.e a Ui;('ful leamin~ tool 
for J?!'OUnd-based la..~r phe11omt'nol~ wh]e 
1dvifll? somt capability for ASAT. Thfl aircraft.
ba..cied system ha.~ many virtuf'S. Among tht"m Ufl 

the covertness that <'-&n allow an att.ark virtually 
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' anywbml ud anytime. The price is tha high 

development cost of ligb•.weight components and 
t.bc vgy high operational and tnining c0i1t 
uaociat.ed with man-operated equipment. A 
space-based sysum features the rapidity-of-attack 
cepability, but not the covert operation, assoc
iated with the ai.-craft-borne laser. The cost of 
de,-eloping ligbt.-,•ight components iH necessary 
ban, but experience with nonmanned :1r,aee 
aystMul indicates an expected low operational 
and main~oe cost. 
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