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13Iii-ARN RF PIJT,SE COMPRESSION EXPERIMEN’I AT ST,AC:* 
‘1 1.. I,HV~ZII~~ G. S~XIIP~, %. I). J~‘~llkn,~. .A. hl twRat, 11. Il. Milkr. (‘. Nmii>tii.+ RII<J I’. I$. \\‘ilscu, 

sfu,lfwd i.iilrcir’ ,~Im~I~ r~ciiol i’rl;/~‘r. stm llf(~;Yl, (‘.I ‘i.,.wJ 

I I;ir,g rf p111sr comprcwion il will lw possil)ir to lKxs;l tlIt= .‘,(I- 
I,) I OO-Al it’ 1)11tpUl ~‘X[)<‘~t(‘tf flUI Jli~ll- j,~.I\‘i‘Pj‘ rtlicrwva.vc 1 UlK?- 
0J”‘l’“t it:&! in thr 10. 11, 2o-C:Ile fwr~wI!~~- ran$c’, t 0 tt1ca :3wJ- t 0 
l(lOO- \fI\’ it-b.f”l rqlirt~tl l)>’ I1161 1ws1 gmr~ral i011 of Iligli-gratJil,llt, 
]iriac~s for lill<*;tr cdlisic~rs. ,‘\ liigtl-pc%Y’r X-IEincl tlrrrcWtagf~ lji- 
nary 1-f J”1l.W ( rm,““‘S”“‘ 1‘3s 1 1 hi~~W illi]‘lcrl:r~rltr-~d mcl O]Wl”i td tri 
: j:O Stilllftt)Td I,illt’iiI. !I(‘c?l?ra.tOr (‘(‘IltrI (SlA,\(:). 111 r?lt’h Of tllrt’~~ 
*,t.u~rrssjw ,5iilt~w. I t1,c IT pills”-Irngth is roInpi-cwtd by half, ilild 
(.I,<~ ,“%l< ,“‘b”“; :s n]‘~~rosirllaii~l\- d!:rilli~vi. ‘I lit* t:xpcriirlcwtal rt’- 
>ll’iS pw:‘wlrd li(‘l.C havr 1Wll ohtaillcd at lowJ,owc~r jl-k\l’) 
it11~1 1il,1$1 jriivct~ j 1-I >l\V) illpllt 11~vels 111 illil ial icstille wiill d 
1 \\“I All<1 iA lA;d roll. Iif l,~iivs iuitiall:c 7’70 *~wc Ioug Ilirr,~~ 
1~11 ii c O*I.J)I 13wl to tiii nhri‘. I’c7ik pw~~~r pnills 0:’ I.6 Jwr st;ip,<~, 
iliitl i.S 1;,T llll'f't' StiIgC'S, Ilii\t t,wlL Illm.slli.r'ii. 'IlliS (.oI.rqmIIIIs 

ts, (I 11c illi I”bv,‘<‘r u)11i]~ltvi9ic~ll c~fficic~llc-;; 01 aI,oIIt !!O%I jH.1 ntapt’. 
lil‘ ill,oi:t, iYl’;,T fcr tllrw ii i,,!,‘S, cv,ri5i5tc-ilt \I.~I 11 ~/II- ill~li\.irlilzl 
r~ulll]““lwlt lliiS<‘i 

‘I 11~. j,t’ir!i,ij)lis of OJII’:‘;I~~I.II 0:‘ ii l)ir!.dlj- j~lii~t- ccvIi~~rr~w,l 

(Jjl’i $1 i3 (ir3cri tie1 in tld;ii: ~~lwnli<~le.’ A scllcw~at ir of ii tvcc~~ 

.\tapl* f3I’(’ ii $lI<,\\ I, ill I“U!,l~lC~ I It >\.or;(s a.< follit\v: ‘I’uw t.1 
it~j)~~ts iii’t’ ~~li;tsi~-cwilid i1110 f’cblii tirllt, hit:h b\,itil ph;iws (1 or li. 
rl*~Jli,ilYl I>,>; jL t” or ..- “, I~‘hJ,<‘l~tivf’I?.. T\ :$-tltl ~‘OllJ>lCl OI‘ “11) 

ljrici ‘* Ill 111 b‘1~:111<* I, ~‘<iTlilll.ll~i :I.(’ /,lil~~~ 1Liillh t<i ,,lii~lil~c’ lwr 
Olll~>lli,h, i,ili.ll <iI l\?iO~ Lli,~ J”‘d< pow”“ ;11:cl ll~llftl1~~ pulw Iqqtll, 
pr”:w’.l~ [IJIGiW <YVl(Yl 1’111. t !I,% 11c*xt ~t;igc,. ‘1’11~~ ~~~rllI]“.“ss”‘l ]lIIl.~~~ 
arc htx[lii~~i id, tiot c-oiilcitl<vlt.. Fl‘hcay itciz ~lli\iJc winc~iilrnl at Ii! 
ltrici tt:’ I,\’ Cl~~l<l\ 1!1. 111 t114, st’f Llli(l slap’. . II:! agdili ~lciril~l~~~ t!rct 
pf’dt; J”‘\‘,““’ ;‘lrll Il,Ll~rQ. tllr pdw 1iwp,t11 ‘I hi% two f‘o!IipI<‘4s”d 
I)III~I,S d~;iill an t~intlr~ coirliitlcllt I)\, tl<~li~~ IX! (half as t011g iii 
1’1) ‘111 1 tic,\, nlii\ lw 1ivv1 iG) <‘ncw!‘izc t\vo i~i~~~c~lori~.l or swt iolii 

or it liIlil(. ,? t I~‘rf~~-sid~f~ syslu~i it~~jrlirci :iilijl liq’l. ll\,llrict ;lllii 
~h~:dy-:iilc. i.11~1 ~i!ow ~~JII~~II~~Y j>t.ils(* ccdir~c,. 

2 SrAGE BEC SWIEMATIC 

_A ..I 
Power 
output + f~ L 

-li- 76 “S 156 ns *I I-- -l 312 I- 

IU L---l <,<,1( 

3, qnrr 1. I’l,i.~f VlliYlircf’c~ c,j ii IllY-h:ly birlw!! ph cn”1p,“ioi’ 

(,1’01f th,ft /it< piik, ,q trnwl fw711 rvi$rt 10 lcjf. J 

l*.slh’rilll8~rlt i \r.il II it I<>w poIv<‘r I I1011 \.iicillltn) two-d aft’ S 

? iia.liil I$!‘(’ 41 SI.A(I IV<‘l’<’ rq’l”tt~ri ,,lif~ yccir wgv. 1% rc~~cc~ll1l~ 

h~,T ilrr~‘l~~rllc~ntc~tl ;lIlfl “]‘CTilL~‘Il at SI,A(’ a liigll-power (high 
\,~I.,IIIIII] I~I:~Y~ it;~gfi S-l)i~!~tl t!l’(‘. l’iiii re.srlll: fro111 tl11, hij;ll- 
po~,w,’ ~lin~~-;ta~.(- J%J’(-’ ~:spwimd. iirr r~piulcd IIWP. 

Ii1 ii~;~lit.~, tllcx lit’(’ pc’;Llr p<>‘A’<‘r. gairi 1”‘I st;rgca ix Irss t~llilll tIv<) 
lw<~;rri~(~ of I~>SS,Y iI1 1 hc* ~lt*l;i~-lirIt-s. t1tv h~-lti~itls. ar1rl ot,hc~r co111 
IH):ICTI~ h 1.w practi~.iil applicitt ion t 0 lilla(, ri sysicnis, t.lw lww~ 
111tist !vfi +ilfli;~icvltIy silf~all to prc~icrv r~~i~so~~i~t~l~~ dficic7ir~ic~~. 

‘l’iriwfi-,I?, v,<’ 11,lW cllosi~Il to work wit II o\~c~rIlwlctl 2.81.iIl(‘ll- 

- 
:‘\Vork s~ipp>r~wl ty tlw 1 .S 17qart~lrid of Imrgy ~u.<ler c<mtrarl 111,: 

.4~‘O:i-iCS;I’OI):;l~? :intl k)> 111~ II S -,Japn ~‘ollaLr~r;~l,ion ml HigIl EIIIT~!?; 
Physics. 

t\‘isitix Ir~on /‘hy&+ Ih~,“l’tIllrrit. I:!‘I,A, hi Allp&h, C’A 9or124. 

‘l’llcl~c+,rc~, I%‘(‘ 11n\.c. cl~osc~I~ :o \WXk witli ove~nlotletl 2.Sl-in~-l~- 
cli:illl~~tci’ c~ircul;lr w;~\quicl<, (W( 1-L ‘K! ) fiir tllr &lay- liws, ;1:1tl 

SI arrdaul rc~&~ng~~lar S-l~ancl wnwgltitlr- (\1’J<!IO) for t II<‘ HOI~- 
ti,-l;~:,wl c83nrrcctiiins Our ll~hrick arv tlcsigric*sl to cou[)le tJi,* 
‘l~l~;,j~ (-ircliidr mode in l.,“:i-iil~ll-rlinrll~irr w;tvcguidc~ (W(‘IS.1) 
f 0 l.hca I‘uIl(lHrlICILt,ill IflOd~~~ ill l~:ft!w. ‘I’romi~<uir !,onds of 1 so0 ai‘<’ 
rl<'C4%Sary t0 pl;Ice t!l<\ Si.iirt, i3lld Vlld OF C2attl d?lLt) li!lP iI1 ClOSc, 

~~l~j~iii.al prcccinlity. All our drl;iT line brnds arc fill,-icatctl fr0r:l 
~x~iri~g;i.tcvl 1 .S-;-ir~r.l~ tlinn~~tvr (.II.CIIIAI. puirlv. I,ii~var ta])cars ai’< 
IlWl h 1ra11siti01,s hc~lwcY~n \Vi’PSI amI !I’( :1s3. \\ix ,lSP IIlLdi~ 
i:~i~i~h~l~i~~vr~ 10 wr~v~~ri fwm ih<~ ftaril;lrilc,rit;,l il‘l*;i(,t irlcb~iis itI 
j’i’c f.i~i,q~~l;rr. /;11i11v i I> i 1,~ ri~~i-d:~r~ ‘J’E:,II, ~r,wlr, ill i.ir(.uliir puj,l,~. 

‘l’ht~ ill~;cWii)li l<,qit’L iif ills iliiii\.icllldl ,.0‘111”:i1’,1it,~ ilal:c, lbr,c’l. 
ill<‘~iilll.~Yl sc~]‘“‘.att~l~, WrYyt fhr 1111~ c,ircular \%;lvrgiliilra las9 
wtiicli wh c~olwhl~l. mIc, l~~l!ri(l IWW. cliiTc~rt~~1 cfe.lx.l~~lilip IITI 
x,l~t.lli-I puwcr wal; c ~mil)i~~i~l ii,lt) tiit* c.irc ~:liir (II’ rc~ t:iric,tili!r 
<lilt [“It pol’ts, <,Tll 1 w9r ni~t thc, sd111r for all foul, I~\~J~I.:IJs, illcli 
rcit illg tlial f,e,ttcv, ilcv.i:qli c.cn114l ri’ii~li.t’ liti, Liw3. iI, C’ (‘O,i!,lO 
r,~~t11 los~~~s arc’ gi\,cs~i in ‘I’nt~l~~ 1. nxld c-ail Irc~ ~iscd lo J,rfbclic-i tlic- 

ilid tilrWfrlF<’ 1ilP (~r~vwr g,:aici i~~:~wctc~il, 

t ‘~wlpim’rl: ir~s~i~l ior1 l.osi 

..- 
\\‘(‘#I (:!.%I-ilic.il riinrrlcdcxr) I. I tlt3ivscY~ 2”Rm l//S’.‘. 
\\ ( ‘IS I ( L.&L irlc,l> iliaillc ti,r) :?.i; dl~:~;ihP< wi,;/,w, 

\~i~!H~ (O.!) x 0. 1 ;Ildl~ I (I. j lllr;Ill 2%/rr1 
11 I c,iri.illnr or1l~?111 1)w.I o.l”tltl L 1!, h’i’ 

[It’ < il.mla(. 0~1’,/‘111 pri Il. 1 I <Ill 2 (iO’# 

11:; ~‘ir<‘Uliir Olli [IlIt I)<![ t, 0.lOtiJ~ Z.+‘!‘X, 
II 1 ~~irc~lllar 0111 put (,<Ki II.Ot;dll I .!lX 
II f 1~cY~tallgllla.r ouIp1t J”“‘L 0.35 (113 7.x 

II2 rc&mgdar oLlt,put~ ]Wrd o.:j5 df3 7.X’% 
!I;$ I’t’Ct,i3Il~llh Ollt,J”lt JM’t 0.32 (113 7.1 ‘X8 
114 rrctarlgtdar i>utput pcd 0.:X3 d II 7.4% 
RI!Kk t,rilllstlurw 0.07 an 2% 
J3rud, I)II;W shift u. ;mti t apcrs 0.1 (113 “‘i;, 
T,iut-ar t;rpvr (2.SI” 1 .%I“ dia.) 0.01 cl13 0.2’2 

_.. - __. .- ------ --. - --... ..---.. ..~ ~~- .--. 

‘lohlr I. 1r1.v r/wn lo~~w.~ oj iridzc~iclci~l rwqwm rh. 7hr- ciwuli~7, 

,!‘(,1’< lp2r I,,%.Ch (IT’,’ wlr~illofr-il .41! rrllwr I~JWI~.F on ?nlTs7lIrd 

:\11 ~~l~v.1 1 i,.ill $c flc~il~nl j( uf t jlc, tilriv stdgr’ IllgIl ~~<,wu’ N- 
1r;111d 111’(’ i\ S~IUH.I) 1~1 J,igl]rrb :!. t)ifI‘~~rc~~cc~ i~c%wc~~-~~ si~(s II)\\’ 
p.dvwr a.nd hi,e,h-1wwr espcrilnr~rltal w-lips, arc indicittcd in t htx 
ligt~it.. ‘l’tlr ctrrr.i~i~~~~u(lilig j ill:;.*icwl ahi(~~il~I~ :s ~I.~wII <iht~lniit- 
ir.;Llly in Figiiw 3. Si~lw r.)lll~~ a single X-hand kl~Ftrori cur- 
rcvtl,v is 0~3ilal~ti~ at SI,AC’. we havc~ cortfi~urcd lIlc> J3I’(‘ phaw 
lrr\‘(*rsiil ktlyirig, illId tl~sIil~~-liil~~ Ir~il~ths for tLY0 iclvllficall~~ Ilil;i$cs 

I~l~)dulilt.wl illpIll 8. ai cliicuwcc 1 t,y Lathd (‘1 JIP kl>S! l-lb,, h;:.s 

(WC, out pui, ~iorl 5. It<)t,ll l)hasr~ rrncdul;ilrd iileill ic;itl~.) 

Varial~lc pll;i3tT-drifting irl thr dvJd~-linw iF II,‘< cssar>- to 
oibtain prcqwr rc-lat i1.t’ phasilkg of t hcs rlkJ>uts t,o c%ach h~hriti. 
‘I’llis high-powt~r phase->hiftil!g is accomplishrd using motor- 
coi~t rdlcd tralislat ior tat-jlrs 1.0 fnox’e t,hr cJc~lnq’.liut~ tromhol~<~ 
hrndh in arid out tly op to 720° of rf phase ill steps of 3’. 
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!a) Low-Power Input Circuit 

(b) tiigh-Pwer Input Circuit 

z.ou:put A 
Klystron 0 

(c) Binary Pulse Compressor Circuit 

r< 
B 

c2 c‘l C5 CE 

(d) Low-Power Measurements {e) High-Power Mcasuremeds 

c Amp SCOpS 

6 ?K 6652.5 

E’rqwc 2. NC drli,iri .a( ilt ~rlmllio uj !hr ir~pii! i~iwr,~f.s ‘uj nr,d ii,), Ihr 

111fiiiry g~i~l.,i ,w,,ipfn ,.ii)r i(‘j, ii,id !I!/ / iWl1il.i f/al ilil cwli~irl~g If ]“‘W , 
(iI) ii/td (’ ), .‘r’yvrhi:.\ ‘,II” riliiii rili .I-(!I! i.~~~plt i’.’ ji:!jhr~td.,j. .Sjy;?/,,,. 
1~01~ “I)” iivlir~i!/t rlt irry-lirrr .i ~V,/h ,lllrrI.ci-,~hiJ~ri ,., .~~/iiilK,/> ,‘i “” 7nrli. 
cnit .i.5-d/i r!llr ctii,rfrrl r~i~,~~~lc ,.. S’~,7/‘bOl~ “.I/” ‘i/tliiYllr rvifrM)dni- 

fo-r-ir~uln7~ 1i1~10r’ ti~mt..riiiirr \. 

D3 140ns WH 90 
T T T 

WC281 12 H2 t3 WC 281 

WR 90 D2 280 ns 
T T T 

WC281 I=1 HI a WC 281 T 

Qfz21G&~R::“tp”t Klyslron b 

I‘iglll,’ .I. I’/s~.sII (~1 iir,f/rsd OJ 111, HIV ’ <~~i,i,“‘“, Ii/<. ‘.II’iii/(!” is n v:- 

anynlilr ii’ai-irriiidr “II’~‘~~l” is :>.$I- ?llCh-dtn1nt frr c/rrilirrr l,W,‘,- 

glli’il. .sylrrl~<ll.i “II ,’ ‘lli!r,~,ilc .i’-I!!{ m,ip1c i‘,. (h ~l&i.\,j fho f (‘<‘,Ip/< 

IlXY/i 10 rL’c’!,ic.;. S~/n~bolr “ii” z~irlir~iitf Ii (‘I,\‘4 hirlds IN~li plvi.‘w- 

.il!iftf I’.,. .Y~/,/‘/Wl~ Ls i” ir;diJPolf iiiii al‘ Irrpc 1’s f;wri !.~(‘j.C’fiCh I;, d ,i’/- 

ii,cA-tlliiwr IC r. .S~J~II!IO~,~ “.\I” i:cdir,irtf n r~ltrli~~~~!,~~~-t~~.,~i~~,~~,l(!i, ~r,rvli 

irc~,i.ucl:,cY 7‘?. 

li?<.ll or ill~~ 1 \lO ~:rlt]“ll:~ <,r sl;!#l -9 r.Nmill~~ Kl,lllJ II<. ll!.<Vl 
t.0 pow~‘r art itw ~l(~l;ilor CCTI ion. Il~W< \ PI‘. t hv t lilY~4ae(l~ T3T’C’ 
iTT:t‘ llil\.f% irl~l,l(~lri~~rlt~~~l Iliii il i‘0llI~ll llJ’I~r:rl :\.lliI‘ll ~~w~~~ils ill<, 
tn.ia Yl,lt!,‘. :i i,lll~“‘i\ :,I/ I/(/ cor~.l~i~i~G I-I~II (L *iiip,lc IIII~,I~~I~ (1):). 
adjl:sting tllr liigll [><‘Iv<‘r iltiilsI~-hlii:‘lv ill ilvl;i!.-lirlcl 1) 1). IVllil[, 
sr~*nt’ lv~wtsr ‘5 If,;1 iI1 t llv Il,vliricl ~.ollll~ilwt 1 [ I. 1 Ili:. liie,lir,st-I)(,~r.l.l 

sitigle wlt,put is c~sp~~ct(~~I to II<’ lis(-hii CC~I- rf-l~~~-i,k~lc~n 11 ii rkclivh 
($1’ ;ii~r4~lcr;ltctr sl,rilrl I,,(“. 

‘i-11(, t,hwr%-s:agcx 131’(‘ il; 1)1oi1~11t i11t0 I~I)(,IH~ iclll 1,~ ~~lr;i:ix 
I~lwll:latiIlg tlbx I~,w-lv\-c~l irlplit rf iI1 ;I)-II-i.i. 1 i3lv l,ilts. \l~iil~. 1111, 
])lli~‘;(~-l(“i’(~~Sill lit>!.c%l, ill I”iglllv ‘(a) ililil (I,). ‘ll1C,Ii. S‘:lg(, I),\ 
St aqv. t II? I!igli-]“‘w’~I plirw 51:if’r (‘I. 5 iii tli<~ 111~1:~!- I:IICQ i,l)l 1 . 
I.)li ill Vigllw ?(I.) hrtl i,~ljlldi*,l t 0 I~lli:llli 1 /It* I.<~l<ill\i(’ j’l’:IwI” 
of inpltts to (‘a(.11 liyl~rirl (11 I. , 11 I) iq~IlL.(~l~li,ltr I;,r I~OIV<*I’ 
lliillt il>licat ion. 

‘1‘11ca cxlllprcw-ioli p~‘~uxw, ~t,i~cvl)~ ddgc-% IS (llii.~~~t~c rilixc! I,\- 
th. sc’r,*“~ [ht~,i ill I”i~IX” 1, 1~:1wl1 nil II I l,\\ tot<il ill~!“l fIY,l,I <I 
‘1 \!“I’. ‘I’ll<- iil:.il ~.on1pwsv~l ~)lii.v~ li,liqt Ii i5 IO ii:da(’ >II~~~I-~<~I 1 hill, 
tllr~ ‘i-0 11wi WpPCtr’ti. I’rc~~llnlnl)l!. irlis ii I~~‘(.dll<i(, !I.(, ill]“li 
waxqg:irics ilifii,r ill I~*:lgll~ I);; IO Ilk(v’. .+<I tlicb 1~1~~13~ sliil’t tll;rt 
rant rols ttlcx plllw c~nllil~ixw.iorl doc5 :lot ~~c<x:’ a1 lwt11 inpill i*ll 
bil 10 11x1“ in10 FHCII 70 11.w- 1 ilnll II~II. I-II< d.v-t,irrica ilf I III, < 0111 
pKwtl ]XllS(‘i n,‘p~‘““S to lw 6lotllillat(vi It>, tll*B rih(l-i 1111,’ i)f tlic, 
I’\\:‘[‘. \\hi~ll r~‘~‘(~rws 1>11,35v i110w ~lo:vl~~~ tl~.bli 1 I:t* .-~liaw 1(*,,“.r5~,1 
l\?~YY. \\‘(T ill‘,’ 4 1Wl11 trt z-t lld\ 

tillIt’ Iif t1w Itlvi~ri~Ii. 

(a) Stage 1 Input (d) Stage 3 Output 

(b) Stage 1 Output (e) Combiner Output 

(c) Stage 2 Output (f) Combiner Output 
m521\1 6.90 (expanded scale) 

i<il iW<iii 1.kll :~~llll rl/;,il: ,r,cv, “. ,i 
‘I /~I “fl/i/ifftl” IlYli’f iil.~ii :‘/\ibif (,li I(l(‘!r /JhOlO 1~~ f/,, ,/f/!i)i!l /?f li Ilho.~r 

d! f<l~iilT ( i 01 ,J. i’rL:.ir iv’l,ipi~ ,i.>,l,,’ :i e i~/il, if/ iii /‘lVdW (I<, j (i/J 
Tlrr vij,ll’/il!f r‘ OI~~IU/, >I! $rifi~i (f : (!I,(! fji ,.k ills .hl,l, ,ljl’tl~lt .~lil’/’ ./ 
r,rrtp,/.~ 

>\I1 rf ,“‘\Y”’ il,l~;i~lirc~lli~~rlt~ \$,‘I? 111<:<1(, ot !:I(* 7-1 ,j i! lt:l.l’< 
t iona ~oupl~~rs ((‘I, _, (‘7) in JFip>:rr‘c’ L)(c). r!vng tt11111c.l clii,ric 
cIc’i.vc to:-: aclrl 2 f;r,t ~~i~~ill~~w~~~~~. \Il~.i~lli.t~lrll~llt~ i\‘<‘:‘r’ , 0, /l~_.lO/l 
I);( 1 III’ I)wviwl!~ ill(‘dsllrtl<t r.f,ilibling rat i0 oi r~,l<~ll ~lir,v t iill al *-oil 
I)!<Br. iZl1s~~111t~~ 13uwc~1’ I~~vf~Ih v;crv dr-i.r~ririiricvi f’rr)~li d cilli:,rilt i(m 
~,f tllc cl~~twtcm ~~~ri;wi~ii~~l iiiiiig 3 1011~: I)III~I, ;,II(I :i jh~iii~‘! i:~~~t<~i. 
i’mvr p,itirrs yr’r7c tlc~tr~rniilkcvl 1,~ iilakin[I: realat il..19 I~OIY<‘I ~l~fsdc~irt’ 
ir:rmli IIqir,g it jir(b(.iiicin vai.iijl)l<. ;r’l< 1111:itibl II, I~i,~llri,~. 111~ z.ii~l~r’ 
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_-.._.__ ----- -y _. ---__T.-L ...__~ . ..- .- ---m-L-. 

Sl?i&y(“) ll()~~‘(%r ( :ajn (ant] (~‘c,t:1pwssiou I-:ffic1m~~y) 
tthl 13p”‘.fcYl yc~;wrrt~~-t 

I 2 1.7: ($S”/i,) 1.75 * 0.10 (8;; * S%>) 
li 

i, 
2 I.81 (9fl?$) I.79 f n.ifl (90 i S(X) 
2 1 .PT) (w6,l 1.X ztO.1’ (81; zk 6%) 

I ;I H $.!)I (id%;j 5.47 T 0.27 jtis * l‘l’%l) 

(‘0111l)iiii~ (0 1-v t. 1 I).!)] (91%) n.w f 11.(11 (nn .i- 4% ;I 
(‘oir:l)in~- to circ I f).\i, (!l i’%,) (I.rj7 * (1.m (ST $ :xi’,j 
I (‘Ollll,illl’1<~ li’ri 8 5 ?A (1i7!4#) 21 !):t + 0 :Ifi ifi2 A- ,I’%, / 
! f ‘~)IIII~~II~. 10 in s i.r: (iO’,4~) 1 ;i, 1 0.1!1 iii0 t ‘2’%! 

.._____ --..-=. ._~ ..-. 

Ibi:li 2. I’,JW i’ yoirr.~ fl,~~<[ ~~fwip7’f .i\iuu cJ/ic,ir wic,s). tdccl~t:rr ,I 
Iy,/,,(,‘ (i,.,r’ (!il(,(,g, L ,)f f},,cc .iFIK of ,,,<“.ii,,‘t f,lC 1,/s pr.‘~f”rrllrt! W?fi~ I- 
kll’ 1 Ii i /~i/““f 

‘] IIt, jlt.fiic l,,)w(y gi!ill 0l’ tilt, tl~lr’t~ st.iig<’ lSi’(’ wds dcicrflli:l(~lt 
fi,,lll l,,,li,tij.,h llr,~ifs~i lll(li,8111.(‘1:l1..lli ‘,z’ii I1 I b\\: tr~lkil ir:])ut i’l’i)liI 
I],:- I’\\“] lii*:i(lrYt ,y1mlly ii110 llli, +ivs. tji’(.‘ illj)cti 1~x1s 8’; i:l 
].‘ig,jit, 2(;i), ((.I. alltl ((I]. l)o\wr gililk i;~r ~Inl!,i’s 1 ii is ~l~‘flll~‘~t 
i. k ( lh41 :IIIIL of I),,( 1) c,-~it~nl~ ~li~,iit~vl Ia,, (1 t Ill ililT, d/’ l,~.~ll~ ill[‘lii h. 
(:;iirl l;,i !I.f, (.()ffl)bi*lcLl. sl;ipQc~ is dc~till~Yl ils t.lri> siyglt~ c-olnl>irlcd 
~b~llj)lil ~!i:.iilt~il I,y 111~3 ililli oi_ t~oill l:lfllli~~. ‘I IIP c.i,l~ll)inc~r llx~t)vi,l 
]I 1 I,;,‘. l\\‘<, ,“Li’itlll’ 0111 lil,i i. (.il.i.lllilT. alIll lw<iliglll~~r-. (‘iId I\‘jl II 
tliirf~I-<~lIl ICbQ i. ,ii in ‘] c,l~lc. I. ‘I I (~ ,g;iill (It I II<’ ~.ollll~jll(.r 5t:Igc 
s,:7,j-.iy., ii ],sky + ]l;lrl fjj18’. iilld.t I IIP cklllltjinc.il f,lllSC’. \VliIt? ,<!‘Fili(‘I 
1 I,;:11 /jit 1101~ of Ilie 1111~w31113111~~~1 ]“‘l~W ih ~III;III~T t1ia11 tlwir surf. 
(1l.t~ I,, 1 Ill- l,,:!,t’.;. ‘I’1 I(% ~ll~~i~h,lv-(l s/ ;~i’;t- ti\ -51 ;r,q:li jx)iw~ Fihins ill‘<’ 
g,i\c,ll ill ‘I’al~lr I ” ‘[‘]l(- ~)mv4v (.i)lljt,r~wi4lll vflihr~l~s ;‘, ills0 il,c~tllilcvi 
iI/ I’Albll- 2. ii i]t~fijic~,] i1.i lllc, r.jlio of I(-;11 l,,,121’1 e,;liil 1s) “leIi’~l” 
~)o~,vor g,kili 111 tllc> iltm(‘lls-c’ of 14Fv.?. 

[:I ill<,1 t. si;,g<+ 1 1 ‘.<L+~tl r,,llll ii’ly l”.;lli jhT\v,‘:’ I!!- nlH,*it 
: .S. ( t,rl,t~sljcb,j(]iilg (0 ii pow’r c~i)t!llbwwi4)ir tdtic,ilwcy oi’ al)olit 
lip;,,/,. ;,,g,’ ‘I’l.r, i.‘,ai11 ;tlitl t~flic.if~iis \’ of T/I,, lil.ht t lI[rY, St ilC(‘S. 
l;i];l.,, “.s..lI” ,. ill’,‘ a,<,,,: i.5 ail<1 dl10111 ;rl’%. Ic’.ip”ti+. hv 
I~l~llll~ill<~l. 1~111~“‘: Ii ;~li,~ilt, l .h tirli<‘\ l~ic,lIe~t.-lu~w(~l 1 I!iill c~iliri~l 
of ill<, sl<igv :i c,llt,“‘t.~. ‘]‘]Jo ~t,f]u.l IYI p,nv<‘r Ilioilitorc~cI in’ ~il5.li 
h’i,jl:(’ ii I,-+ tll:,ll I’X rJr 11w r<)i.\vil:d ,“‘““‘I. 

‘]‘],fs rllf.;15i1& 10;s~~~ of iilriil idlldt cc~ri~lmlvrlts (‘lallk 1 i 
li;~m% lewd tisfvt li, prcditi 11111 tliitril)lltcG lossrs ill car-11 stiIr;c’ 
l,j’ t IL<, illrtY-41il~<’ HPC‘. iijl~l t.ij l,.~vli4d I IK /K,vI~‘~ eitin c?q)ccir-(l 
ti, 1~ :~l(~rt~un~c] a+ t,h* 55-ttH ~tiw~~tioil;li c-oltpl!~r followirlg C.H.(.II 
hl;ys.. ‘I ]!v ~.::ljty.t(-cl gilill :*I‘I’ hhonl~ iI1 ‘I‘alblc- 2, i,lld aglw W’ll 
with Itit’ rnc~as~1w61 gnilli. 

] I,<% SI,:l( !Ilx,tc,i?‘,K s-l,;!llit i\l!Lll~‘O,/ IlilL Iw~~IIlIy”l [J<d-i. 

l’illS<~~ C)j’ 11,) to J1.l 1\l\f ,l(T /)O!‘I lli,:-<, l,l’<‘ii pr’l’t,ic~~~l <I1 t,iw 
j;ll II’.~‘I IBIIILC~ !~+e,lh rt.rllliwct l)y 1 IIts T~II.CY sta~(~ I<l’(‘. jlligtJ<Lt 
I,O\i<‘l’ ,:, <~x[,wc~r~Jl l‘lY,ll, ! II<’ nc*xf )‘l”tl,ijy” l,l\h: r0ll.i ‘I’IIP fli~5~ 
;rtlt,rri;,l 81 t c)irrI’lcwilig ~.~-liiti>;~ I>, lrlgll l~cv< r kiystri~*~ l>lrli<~~ 
~,p)~i~ilwj illi, I~llOtt.li SII. ,R II in I,‘ip;lu ‘1. (‘~mlpl“‘isillt. IS (‘VI 
~:e~iil, I)iit till, t*xpvIirlli~lll !:‘;js ;~liLg,~~4~ci n,il 11 l~I~,tilf~llli. ‘I’llI* ollt 
[,I’[ 1,) ,,I,* t] ,I,,-i<],,l.,‘l. <,I111 IlXlll l,atl 11111 y,t l’l’~‘11 :Il:t allwl. io til’, 
(.ijr ,j];~( lq;~~tyi~j,]~~ 0111 [)lit )1;15 YIllljil;i’ h:llll.ttYl, iiIi4t /IO ]lS~lY~‘i 
,, t.ilit,,(ilil(~lit2 i~~lr(’ l)oiiil~le~ ,i, IWII~)I~~I (‘7. ‘l.ile tc:(.j illj’llt tine 

\Ci’ll’ I ,c,o~I~~ ~lii~f~.].fd. t-it~~sing frc qk~~mc;- tlcy1~11~1~:lt rclwlii~~iis 

it,it] ,~li~~,~ijr] p~,w,.~~ l(~.i.t*i’; iit tliv t,n~. l\P(’ il:puls. It was iill6~1 
c]t~lc~].r!lillr,il t]i;it 111,~ 11tt~ rii<‘tjlllll \viilclcbi\‘s ill 0IIf’ Ol 1111’ illj~lll 

w;i:“.gllilt~~~ ha,! hrl,lci~11 ill ~011if’ I illif’ <tl:r,~il: ! hv lkigtl lbow’1 (BY 
Iwrilivllt 1 lr~~lf’r 1 ti+rb c iwlln.\i il*lc’t’i. I IIP powiv gailis ot,wr~,.f~<t 

clirl lic,i rr14-c-l c~ulwr:at iol!s. N~~\~rili~~1r~s,. wi‘l! II) bf\V ~:xmt~l.wi 
&I (‘I. illIll Ir, 51\2. lilf~ailllwt at (‘2, i, :x-!!I\!’ i,tlip”i {Vi!’ (II) 
hf~l.\,fVl iii (‘6 

I,',!:riu 5. .Ili~~r~r,~i~oiv p~f.~L3t's lilt ahliu ii rrl iiir ilrititrl l!iy!i-1WU~t i‘ f J- 

0, I ,,i!f tit (I 5%,211l‘ fr!/ul ii,lml,l 7:7p pii /rip, : lilf "]'p' I' lrclc~r '< /iIf 

,,,,,~!,ilirfc t/ ~(~,.i/rrtit orl!jml, !Af I~Jw~ F' I~‘,I~Y ti iilf c'iml,rf *,bt d pbl*r 
I:llllt,rr, pir~tirrf : !hi l”“,J,““I\“ rl /,Uh , rpmirtl ‘i, i,l,!f ‘1 ill <.OT?!- 
ir,:ii ,’ ~t~fp~!i, CC) ,!i,(? ;f), ii /ii, hliil’ <,f lii~//f qi,iip 3 ili/‘;,iil.i. 

]*I~~I]J~‘I ]ji;;ll J)CJ~V~‘I c’~I~~~I..~I~~.III~ iirc’ <‘.‘illli (‘1 [‘irig ;lil (tj_ illi<, 
tvr~! ixg. :1ssil:liiri,e, t,llct gailIs Incil~iird al 1<,1v [)O\I’<‘!‘ (‘l’atr!c~ *II, 
f’i,r “(I hl\\,’ I?i kl~~:.troli ,kl,lC~l‘ (ICI Xl\{’ 1”“’ iIl[lllf) WC’ C’S,“‘l t 
5; h]\V c-,,,],,“.‘W’i J”lIWi at c~;ii~h !+;ij?y :i 011l,~“‘i _ ar!ll 9s hl\V 
,.,,,~i~~~l.~.~~s~~~i j)iitws ;ift,r~ ~x31Ikt~iililic iit k sill,t:lc i~lllplli 

\~ll~~ll t,\v<, s -Il;l,[lrl Id> hi rolls l,1’1.(1111<. .1Ynii;\l,tt~. I IIC t,ili;l!-~ 
[~lllil’ ~-~~~~~l~7‘wso1 will 1x7 nn)llfip,ilrc~8t 10 utiiiw hciili c~f’ !li(3<, 
tllp,ll-J”,\‘.“’ ~1,1:1’c<‘s. Ii’ (‘il<.ll kiyhllw [?l.l)dii<w 1tto II\\‘, \T<’ I’*- 
,),‘< t ,550 MlZ (.,)mpl.w.,l p1Ll~c.s al, < dl Stag” :I olltput,, iLlill 
0x0 >,[\I- ~(~ml)r(3k(.~l l)~ijw~ ai’i17 crillltliuillp tl-5 n sill,9,tc> ollll~!lt. 
f:c,r F,SO hll\‘. ])V;tli sllrfaiv ficsltts ill thl% hyl)l id S!ols arid ill ttlc 
\\‘I{!lCi p,,ii8]c% itIt, ~~stillliltc~d it) II<’ c1rll>’ 61) hl\‘/lll. \Vr~ll ‘1t’t41i\’ till, 
c’~,“.‘~tt.<l i Ilrc~~lIl,t~t 1;,r Ill? ill\<l<WlI. 

I\;, ttl;~:llc illt~ Sl;,i\(! Iil~,st I”W Jh~lm[t~~~c~r~i. I!II, h,Iw hali 
C;I] t~‘;~l,ricnt ioli f)ty)i~i.tllll*lii 1 Wild tllo v;icllr;lli (:r,q’ f,,r tcvt- 
ILICRI asslstanv~. 111 pi3rriclilar, wc wi$fl to tlliink I<. llal.rowi. 
II. J3anw, 1.;. (hryut,n.kis. ‘I’. I~:hingr~r, .J. Eicl~rlc~r, I\;. S. l“it:tt,. 22. 
l~‘ii.~~icl, \I,‘. t{. Fcjbvlics:. 1.. Ciannin’i. I,. 13. IIali. I?. !\‘. Tloyl. 11 
i;‘. I\,,orll;<, ‘1‘. c;. i,Vl’> C’. 1’1. t~;q&<l, ,I. iat \‘li~~l~,~, .J. \\‘r-i1e.r. ;ITI~I 
!‘. ~‘<,Il+th. 
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