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i0.9^-(•t?Iz	 tr:irls,ga.tte^ .	 Tn	 the	 .fore^x'ounL1 0£ the s~i.bux•o a•r.e

'the contr.o:l	 p7ncl ,,	 tfLO poWQr meters nnc! the ca,rcij%t-breiikoi

^)rinej..	 'Chen	 ^,nr^,e	 liint,•a1;L^,e	 cyla,nder	 in	 the	 'xelater o,^	 the

j)a. ^tux^^:	 ^.s	 is jlxes^^tlri^ecl,	 tunacl	 ci^v^.ty hnus^,n^;	 the	 dra.vez-

i;ul)c.	 One a.F	 the	 .£attr,	 ailtjaut	 anva.+^i^as	 a.s	 seon	 ^,n	 the nti^k-

^;><ouncl	 Qia	 the 	lc^t .	 'C hC	 L)cjlla,polent	 ],Qibtatecl	 a.lnmeClx.iltC,l.y x.n

:Cx,'CIilt	 o.f:	 tfle 	 (.Jilt?)ll'l	 1i11^:Lt)t 	 ;i.11	 tfle	 .t?;i. gUxe	 ;i.s	 t11e 	 tx'iin5111^,ttf'.x.'

}^CJx.'	 '^f1C	 ^}x.'hililii.	 ,)k i1 a^T.' 	 x.'iiffilx.• 	. a

f':1,11i1.1.	 SWx.tC?11,n^'	 Stil.F,► e	 O;1'	 j)ll,?51.'.	 I11aCfll j il.tax'.	 '?'fle	 three	 .l,ilx'gC

ruhe,4	 seen.	 here iixo	 h11^ .. 5t,f3^	 tx^;i,acleti .	 MI,-SfiB?	 to?)es	 azc a].sa

usc^t	 a,n	 the	 clx?a,vez^	 ill^c?	 pawea^	 cinlp^,a,.f^.er,	 (̀ ilva.t^.C.r1 :1.3

(il.)	 Ovex'heilt^	 va.eW	 o.F	 c,o}le;r,•ettt-santtez` 	 tilltenilil..	 The	 ^raU ?)	 a,F

utia.a,ty pa l.e.^	 :l,it	 khe	 c^entex o£ the fa,gllre	 ^ox^ni ri xc;Cex•enCo

j,L.(1C	 taWilx.̀ Cl	 tho	 SaGlth.	 The	 ^'I'1.1151111,SS;l.a)1.	 1,^,11k3	 t0	 ^jlll

txiulsm;i.ttCx^ 7?)^)^lx^s	 i►.t	 t11c x^.^ht	 o^	 the	 :fi,^ua^c=	 ^l^)	 Gxauncl-

1^YO^,I,	 v^.cly of t11e	 cahex^elit^scit.ttex^	 ilntcn1111 1. ti

?'C'CCI.?.:i:nG	 fa;t'	 t?1C	 1^,ahex'enk-sall tta x.' 	 S)rSt Gll. 	 `?^li'1:T1	 SC^e11^y,nCf1

oo7^an^,	 a,^,iales	 ]1111	 ;^ja?axox:i.mar.Qly E15Q	 J~cet	 f:2^aln the	 sW.te ?l.

sflecl	 ka	 the	 ant^ennn..	 '1'hr,	 mat:eox^-z• iulilz^	 tlnt enllq. 4un	 Ue 	een

fLt	 t}1C	 x".1.Faht	 of	 the	 J~a.^U x'c 	, 	 , r a,7

13atta111 V:i.t'W	 ai'	 SW;1.tC:h],n^	 Sf1e C1. 	7'l1G	 all tjlut	 tQ	 t11G	 CO?1G]' e11t-

scr►l:tex^	 i1ntC111',il,	 :is	 iit	 the	 I-i^trt	 eentoa^	 of	 the	 ,f:;i.^;LTx^c^	 wh.:le

thG out?rtLt	 to	 the	 1licrcal^ , x.• i1^1ax	 ilntrnlirl.	 is	 ut	 the	 uj)?)ez• ^.e,Ft.

'I't1C	 IIIC'^i1,1, ^1..e 	?ailntls	 ;Lil	 the	 c,enkex'	 a^'	 khe	 )`'a:CC^;Y'OIJIC?	 C1Cj.^.f)C7:xt`

one a^: the :faux tu^ies `u:5ecl	 in	 thr, fil^ilnsm.t /x^eceavc sWx.teh ;1.5

T11.1.rStR^Git'iatt	 o:E	 r,he	 cohca•ont M a;nte^xil.t;i,on	 ^ax^oeess	 . ^,^

1iC^xta.cn]:	 j)x'ot'al.e	 a^	 s4iat't:exed	 j)oWex	 1lt	 lJx^t);1n11	 hr.^ti,nn^,ll^;	 ilt

55^f	 C„'^'I'	 on	 ^11)z• a.7.	 3:t.,	 :1.975 ^?^

1"erta.aill.	 j»^a.f;?.1e	 of	 s4:ntkexcc?	 j)awer	 at	 1.1;L'hlnil 	 he^^i,11n7.1iF	 ilk

51)n	 C.'S'C	 an	 ti?)x^^.l	 11 ,	 ;1.975. ^5
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,^.G C,ine-o£- 5 :i^;i1C 	 veloc:ll»)^ tl^	 '[Jr'►^?u,.;	 t)e^anni,n^ r1t 1.01.6 CS1' an

A])x1,1.	 1^,	 1.973 3^

^i: 7 1`exta.cnl 1)^a 81.1e a.f sctt>~texccl paWOr 	 nt Uxbrinu Ue^^,nnl.n^; at

8,1^ CST art	 ^i;ry ? 41,	 1^7$	 : 3S

^i; fi 1^^cxt:ical.	 pro^l.le of	 sc^nttexeci	 )yawc.3x tlt	 Url)trntt 1)eginn;^ng at
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1,32;1.	 CST	 on	 Mtly	 4Q,	 ].978 ^3
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l . IN`I`RO(^1CTION

l:l Early DevBlopmente tin Saattor Prapagation

The use of radio waves as a means Por invest ,gatin^ the ionosphere

bagnn in thQ early twentieth century with sounding experiments such as

those o^ Appleton. and Barnett [1925 . A Hritsh Broadcnsti.ng Corporation

transmitter operating at a frequbncy neax 1 Ftliz led to observations of a

ra,^lecting Layer at a height of roughly HS km. Continued study of the

ionosphere was the direct result of attempts to understand and improve long-

range comm4inication.
The earliest ovor-th©-hoxi,zon communication was the familiar multiple-

hop short-wave ox HF beam transmission. EakereZey [1932] used commercial

facsimile conununicatiori links to investigAte the propagation of: wavelengths

between 1^ and S p m. Evidence in that experiment suggested a scattering

source. of "^ ^tiic clouds" above i(1^ km :for these frequencies.

World War TI saw the develo^?ment of higher=pou rer, higl:or^£re.iue^;t^y

radio oquipment for use in communication and radar. Reports of Anomalous

radio propagation during the war led to ;Inves4i,gati.o p o£ over-the-horizon

propagation At microwave frequencies by the process of tropospheric ducting

due to evaporAtion over the ocean. A by-product of that study was the

eiiscovery that the faelc! strength b y -onci the radio hor^.xon decreased more

slowly, even in the. Absence of ducting, than predicted by the smooth spktore

theux^y. Booker and Cazld4n [1950] advanced the theory that the j^ropagatinn

beyond the radio horizon is due to Fluctuations in the pez^mttivty o£ the

tral^osphere caused by thermal instabilities. This mode of propagation? is

krarvn As tropospheric-scatter propagation,

B^zi.lep et sxZ. [152] predicted anti subsequently discovered. ionospheric-

scatter p^^apagatian based on the theory of Bookex and Gordon [195(?]. A test

path of. 12 g 5 km from Cedar Rapids, Town. to Sterling, Virginia ►•g as used with

transmission at X9.8 Mtlz. The results of Bailey et aZ. ^1952a 1,ndicated
that the returned. signal was scattered From the D region. o:£ the ionosphere.

.Both the tropospheric- and mesospheric-scatter modes of propaga,tian were

widely accepted by 1955 [Nortan and Weisner, 1955], F,xtensive observations

had beet made by Bailey et aZ. ^1955^ although nationa3. secura,ty interests

limited the amount o£ information which could bo publisfi^ed at the time. Tn

addit:i.on, V^llara and Wetisak ppf [1955] presented a theoretical analysis of

r .e.
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.ionASithitr,^,c scu>~1ar. 'rhvy found thftt turl>ul.itnC tn^,ac^,ng ,in t}te nxesenc^ a>C ^.

sttons ^xitcl^.Ont A.^ e1ci^Cron dQ,ts3t^' was xespons;^t>le ?gx GhQ ionosPhet":1^-

scatter pr.c^^ct^ac,ion, 7'hQ sui^sac^t ► ortt st^uly o^ tha n^etsasphor.^i: tur.hulont

xc^aons by V^lt^ i^^cksrattex is of ^ntexitst 3.n th^,s Itnlacx.

1 , ^ ^irb^tzarxt ^'ica^tar ^'^co^^;/

fiuxbulent :£law in n :k1tt^.d occitxs whertevex- c^t.^tnxtt. cgrtdit^,ons ,fer stn.-

^>^ 1 aty ar,c vaoltited . In general, thct tn4t^.on a f' a 1'l uici ^,s governed. by the

aontx.ntt^,ty equnt3,on

^^^^ ^ ^
	

(^. 1.

and the e^utit^.an qf, motion an given by the N^vtex-Stokes ctq^ratantt for. thin

vc,1 acaty .f:^ elit 11(x, t) t
^h

►,hcxe Vii, p, anct 2i axe thr Itxessuxe, drn5x.t;y nand veloc^.'jr a.n Chi: fltrad and v

.is r.}to ><_^.ne;;;t.xac ^asca^aty xel,ztiid is tr, i:t1i' coCffacai'rtk o£ vascvsa.ty by

v := ^ijP. The chccxaCtox'^,stae lirtctx clantc,nsaan with wltacit a ^axr.actrl^tr. ,f,l,ow

a.s associated is usuall y texn^ed ^, ,znd a. ^^epxesetttatave velocity a$ V, A

c}xntensaan'l.ess lt7ra.metex, 'the }teyrtt^lds ttun^bex 1?ct, a.ssocaa,tecl w^,tlt the alaave

oquatiQns, as haven l,y

7

`The magni.tud:r oi: this quan^a^y cie texmartes 'the nature of the flttad £low, t:he

^andi.taon ,far tuxbua,encc being Rc » 1. '1'1te 12eyrt4lds n^lntber is, however,

not the only parameter c pncexnang >ruz'htrlent ,il,ow.

When a frlu;id is £lowing an a 'tttxt^ulent ntattnex eddies of ^afre xent scale

sizes ax.e .formed. 7'hc largest Stale ecidaes axe 1•ecl by the a.axge-SCil^l,c dy-

ncntacs o.i= the :i.onasphere, nantely the overall global cixc^tl,ataon anci the

supexntposed plaTtetary waves, tides and gravity waves . 7'hu energy humped

a.nta tho turbulent ^Elaw irntst be dxssa.^t+ e^i a:rt Borne manner. The lax^c-scale

ed<laes da.sa.ttGegra:tc in>ra smaller edclaes raver. a. short period o£ tame and

wham c}oa.ng sa, cix,ssi}rate i:rtergy through viscous ciatnping. As shsakm i,n a

darnensaanal, az^gument by i^^,Z^as^a cztxe^ W^^^.=ss^:cs^^f [1 cJS5a, tho ama^mt of energy

lost to viscous dantpang eventually xea.ihes the amount of energy i,nl^ut into

given scale size of eddy. This scale a.s then the stt;allest eciciy, anal. Chc.^ en-

ergy tjas boon entaxel.y dissipated, Qnly under, certain: cortd.ata gcts as turbo-

].ence enexgetacal:ly passable, I;nexg)r w1ta.Gh as ex.:t;:acted b^, the ttrxtttilence
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:is r}t at wtT,i.ch e^a^tl,^l riot l^ca mtx^.ntst:krteci ^^ potant'^t.rt1 o^^r^^^ °kit ^^}^^-° .Fl^t^.cl, 	 'I'}tl:

r;'t^ticl:l,t^.(^1t f'o:i! en^x.-iaY ha;l,^ttr^o ^s ^^.ver^ an rQ^nts o:is the }2^^:}7;'rxclso-1 ntrniitcx ^^` r

W}t^^e w^ is rho I3r.trrtt^Vtt^stilrt, :ErorJl.ioncy to;Tt b.^uynncy osc;i.11.rlt^,orts, (?l^^j?^)

^l<ti nc^ r^e^°^:ir^nY, s^to,tr, ^.n t1t^ merrt ,^^ow, 1^^ ^.^ t^rQ It4x.a,^o^^:^;1 ^^e'1,QC^.^y o^ t}ta

rrrcan F^aW ;trtc} N ^.^ ^tex^oTy ^t,ettln^ to t}Te ^lr+ttes ^:rt Wh^.c}s rho .^1,tT,l.d ^:ti itx^tt-

:i,f^.eci.	 W1?ctt ottc coTts^,^lcr, 	 ^ h^► r r^^", t}tc xttlrnexraror,, ^.s ^ ntez54axr o>~ rlt^

s^,lr,c ;;:t,?~l^zl.a.ty 7n^J that (^I/^C^:t^' l.s re1^^t^:^} t^ xho l^orttax^k^^.n^ c;F^ocC os°

^ lte Wa.rt^k she^t^ khet^ ;fit a:	 cl:e^r, ^rh^t ^+. ^mn^,lex R^.chnxslsota tttinrkte^ .}nrlr;l3,cs

^rcrz.laez- ^on^lcTt^4y ^ow^xz3 :rtst>zb^.:^.ty, 	 ^c^, a.>~ rho 123.ch^^xclscn nt^mhox is l.owCx

rhntt saTne c^xn,Cx.o<t1. vr^.ltrc tuxi^^^l.cnc.c M̂ :T<5 e rte^'^O^^,c^tlly pc^ss;Lkrlr« 	 ^ cry,°4,a,c^l,

va,;}^ia o^.0 !<r l.s often used,	 `1'}ae nb4vo t!^;o ^x^,ia^;xa.a ^^tn >Mhcn 1'^ ^tsec} t^ QvnX^-

tt;tre rho nttuxe off' rx}^ec>ve^} ^uxi^^t^y^,;ce ^:r^ rlto ^.rrnasnhaxe

1,'.7n^:^^7: ny^s^ I^ntdlth.^^ I'I^^S1 ^?,^"-^? ryri^r.nt ^tn7rir.^ fir slit± ft7Ch^'rcl^nr ► ftnci

Iteyrtol cis ittunitexs 'CO ex^nrna,ne the gccT.rrxcnce o^ t^Txk^^T:Lence. 'i'hc;a.r. restal.ts

show t}t^t.t oTo ►^^ct^ ► kd trot expect tha trrmosphcrc t•o }^ t^rx^l.tul.eatx ns 4T who'I,e

ltclow >whe ^ta^^hoZ^nuse, 	 ;l±Ttste.^d, trho Ire}^nol.tl^ er^.tex.'^on a. v^,^^tuall.y n.l,wa^^s

s^ta,sf^.esk lout the Ita.ch^txdsort Gt':i.''^ex3.ctn ^:^tn 1»^ snG^,st^,cd ottl,y ovca^ xo^asorts

srn^l.l. w:^th r.eslacct to sc^rl.c height. }lence, rho ttar.knr:kertco is e^cpocrrd to hu

^:ntcrmxtter^t; Ttr^iitel.y, ^^ does :nor o^etrx ^t X1.1, taanes e?td }tc^.^lt^s.

J^a.t^all,y, rho scattex:.rr^ indttreci icy tho turbu:kence m^Tst he cons^,dexed.

'1.'he ;1•"O.L1oW7.11.^; ^l^t;tl,)"s`tS W:1^ cottsn.dex'c^l }?y V^P^^rzr^ C^t1r"^ ^'^^o^^ka^.f [l.^s s^ ^tncJ

orltcxs, e.ttd was discussed most xeceTtt :lit by N^^r^d^ry	 ^^ ^^w^r.^^^ [1.J75tt7 .

IYlten d^.ffus:g un doers not occur, Chc cortta.Ttua.ty ec{tla.t:i,on ^'or.. r;1,L^1~rotl dens^4y
a.s k,l,vett 15y:

JET 
= ^ M ^ ^- A • (IVv)

	
(1..5)

t^}tcxe tr :i,s n. r^xoducra.on team, ^ ;► Loss tex^Trt, and ^ • (1V^) it tx^^'nsport ^texTn.

1'r,oducti^at nncl 1,oss mec}tana.sms ^xc such that ^ ^- .^ h i7^ 13ec;tttsa os^ the col,..

l.asl.orTS c^C ol.errxons w:i.th ncutxal.s t}^e vel.oca.ty a.n (1..5^ :is t4^tken to lto that

a:f the nc^t^txal.s tvh^.ch a:rc assumed to ,foxm ttn :i;ncornl^x'cssa.hlc r1,tT^.d. lJndcr

2:}toss cond^ta.ott> taro vcl,oca.ty chn be factoxcd and t}tG tr^.;tspoxt team then. a.s

i • 9N.	 'Ctl acicl y.ta,ort, ON a,s ^enex^l7,y vext^.cax causl.n^ ^r1^^^	 0 ;^a.nce thn

vext;i.cal. lrcloca.ta.es axe ^cnexall^y very sm^.l,l..	 xt sho r,^l.cl be eVl.cient that arty

stnrtl.l c1eV^:i;tt^.an i^ ^.n the vel.oca.ty :Ca.c].d w3.11. I^roclucc a 1t.^G'iJ tr.anspQxt texm



A

and hence n f±lt. ► et^.iat^,en :.' e'le^:txon eiens^.tY, Tn th â is mnmiex thc^ turbulence

coupte g ^^ kith t^:lr:ctxon cien4^ty^

A'n c^,^i?z•esson ^^^ the seni,,tc► .r.a^rl^ cxn:f^ section can. tao .^ Qiin^! lisin^

ilo^rkex ,^cattex^.tl^ thesary, 	 l,et R, tats n !^ilaxnct.ex^,^t^.c l'n.^t1 scnlpc^ ; ► s^eci,ate^1

lv^,tii w^►vc nur^t^ex ^. ^ ^^-1,, ch^tx.^letox^ g t;^c ^'e'l,00izy ^l^ and e,hnxaGteris^.^,e t;i.me

1{^,	 "1'i1 e11 the fl^lcGiiac^^n ;i.11 el.ectz'on tlerls;i,ty at scale ^. are ^i.verl by

(^ .^)

i^he^e N', the ^;rt^cl^,erlt ^x el.ectren clens^.ty ^► ^ sca;l.es 1ax^ex than k is ^ ► $sr,uneei

t^noil'ri.	 }^o.11ow^n^ the uil^ilys^.s ^?^ 1raCi^°^}7 +^ Cltlf^ ^pL1^f'^^^ r1 cJ7tia^ the lorl^til R,

.I,^ assu^ired stna^.l tinei tha ttixh^.lortc:e is as5^^mect to be isotxoiaic and iloma^e-

neoiis at tii^,s scale, llsin^ (a .ia^ rbove; sevexal xcsult:^ .f'xoin tiie tii^ory of

5tatl,^L^.cnY. ttixiiulence, tsnu n r esult dt^e tei f3o o'kex, the r.4r<iar, cxoss scct^.on

i^ Ubtbt;t,tlocl whexe x^ :i.s the staticirrxcl electx.on xaditts tincl. X'. (k) x.s fire energy

siiectxi^rri o^ the ttixtatrlerl^:e, '1'}re ataove result ^,s tlren trsec to xela.te the

rneasuxeci sa,gnals to tiie t_uxbu^.erlcc hY irll;ich they axe ^ixodueecl.

'1'uarhulence is not file on7.y cat ► sc o^ iiextur.Eaat;l,ons iri the n^;r..ctxon cleii-

s^,ty wtia,ch i;a:ve rise to "ta4ickscatte^^. As ^f^.scusseci enr.11.cr, ^'ox snr7,l.l scales

tiiG tuxbulencc ;ls clarni^ecf by the viscosity of the £lua.cl, Howe}%ex, scattexin^

,txam ttlertnal :fl,t^ctuat;Lons can occux ^xodi,^ci,ng what is now com^r^nly railed

`i'hornsori 4x ^;nccihexent scatte:r,^.ng. A a^evicw o.f Thomson scattex a'n^1 its itsc

a.s an e,^iiexitner^tl:1 took. has boon wr^.tten by Iiatzne [1.hf h7 , The study of.

urosos^aher.ic tuxbuleric^e indtrcecl cehexent iaackscatter is an outgrowth o,

'1'homsort-scattex studies o.t the X^" anci ^' xegicans o^ the ionos^hexe. The

clevcl.oiiriietlt o^ yl'Jiaarrson^scei:ttox xa^lraa^s iva.^,1, t^ica1efoxe he clascussecl in the

ao:1.7.owiiil sect^.oirs.

^,, :3 ^''ti;1^E}l; Trrd^;rz^: •t^can off' xor^oo^^tc^xYtci X^czc^s^^^:i`:^:x

'i'he co^rtinueci develo^rntcrlt of xadax tec}uiolcgy thxoughout ^Che ],950's

^ixom7itecl t"^z^c^^t2 ^1,^75^^ 'to suggest that the stuci>' o.E tftc ionosphere b>r xada,o

i^n.ves sc^a.ttexccL incohcxciitJ.}^ .fxom t;'xec; clectxnns was possible with state d£

i:lie ,^.xt aelui'Jiirlerit. ^^u)^^er C:1J5 g ^ vexikied the eacistence of this incoherent

,cr3;ti~ox i^s^.nl; a. ^-tti1^ nrl.se Ziower, A(1:92—Atllz txarlsmitter a.n con;junetion with ^.

^.ar,ge aperture antenna. at tong f3xanch, '.C^.lino^.s. Although rite data co^,lecteci

tt tha.t time wero very noisy the existence of a scattexa.ng xc^ioii at 85 i;trr

^
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..	 ..	 — --- ^_ ^. __^.	 ..........,,.... ...	 .,	 ._..r._,.^. _m..^	 _^



:i.s ^>~r.ite ^,^^„^;i.ttz.^ :art ^1tc^t^^rrrp)ts ttrhs^n fxem A^-s^an^ ^I^,^tl.rty^s a;^ ^}t^ x^a^^J,^^^^'

atrt^ttrc,	 'i'}t;ts e^lta ^tts ;^t{tex^tr.cta^t ;rs cl^re to >rtixtttrl.enc^^S.rt^lrr^ecl scnttex^

x^t^t^^x ^}trn :l.neohe^^ent s^ntte7• by v:Lx^tt ► ^ ^.^ ^ is s^.m^.^ ttr.^,ty ^a ^,artasi^lte^:,c-

s^ntte^^ ^txap,^g4rt;};art resul.t:^ :^tt ltatrlt sc^>atax^,rt^ cx gss sect;%art I?c'^' ttt7.t tira^.tnne

:trttl ^';rcl^ p ^ x;rte ^^iett^^^^^, l cJGA; t^7.^^%^ ^^: ^z^., 1.9^i1',,

	

ticld^.t3.ctrt^^ o4tse'^•vnt^t,orts tty ^et^r^^ts ^^ ^CtZ^ sttawutf thn.t^ t i ►:^ ^ta^^r.^len^:tt	 tt^

the a^ecea.veci sitcctz-tun :far nl t^.t>xr^les shave :1.00 krn tr^t,s rtat ns ^xerttr rt ^^^^^»

zla,ctc^i fty ^^x^^tatt [^^51^a fa^.j c;ortrp:><ete:lry :^ttcaltea •ertt sct.#^tex;i,rtg, `}'h€taxet^a.c,t7.

wox^ such its ^}t^.t a^ ^'c^t^ir'tz^^^^ ^rre^ ^tzz^^^^ ^^.h^0^ :^xtck:i.etttecl r,,lt^rt tha xnf'J.tt»

enc°e o^ the ,arts art. tJte sertttrxa.:ri^ ;.s a.rititatjtnnt where t1tt^ ^.'^cia^' w:tvc7,en^th

a.s ] 4rr,^ea' xhrtn the k}ektyo sh^,al,ci;^t^s ^.an^talt t	 '}'he s^trtt^.:t.1 tr;^.xa,nt^.an a^ the

el,eet^y an clertsa,ty rte sotr^.os ^xentex ^}tan r,hc^ 1)ef^ye ^.en^tit ^.s canst,^;t.i.t^ci ^:c;

be tltrrt a;^ tkt,e a.atts fey va„rtttc o.^ ^.ae7.:1 chn.xge netttxa.l.ity, 	 `I'ite oltseawvec}

}?a^t^t^,ex s h^..ft a.s t}texc^a.rc ;tssaca.rttccl wa.th the tna^^i.an a^ the .arts, `}'he

Vl'rt'^;nl ^aiter^nnn „ ^}tc ^,'vtt„i;anCi}	 n1^.,_, ,,,	 ^^...; 7,^^	 a.i.^	 ^. 4,ilr;lct^ [7}' thU' :i, arl • e,'l.C^'Cxan :►:rtCC]`^

7ct5.an lecl to the ntrme 7'hamsan-scatter Sevcxlil. a:fa the xttckaxs cia,setrssaci

}J^^.aW tVez^e flesn.^Jtecl ttixtilatl^ caln^t^,ete t^nc}exStartcla,It^; a^^ 'the `I'hornsani °5Csl^tt47.'

S^ectx`llln e:^;^C3Cti.

1. ^} It^xa^7et^^nterr^ ^^ 'X'Txvinti^^^awk e^a^^G^r a^e^^^czz^^

}3y the c,t.xl.y ^^G(^'s srevcxal xad^r. ^ac:i.:}^.ta,es clesx^neci fax a.attasphax:i.c

st'ttciy It7c1 f^ecn c attsl;,ructael .	 ''he r, acl;^r, nxaj^osecl }ty ^ Qx^^r2 r105f3^ wa.s cart-•

stxrtcteci ttt Ar,eca.bo, t'crexta R;i.ca on the })aa.s o£ ^^ta.zy :i,rtcohCxent sc7t:te2ia,rt^.

T}tc e^itector^ wi,cfe s}^ertxt,tnt o:t~ xe4uxnrc si^n;t:l a.nip^.:i,ecl ^.ow eltexiy ^Cr rma,t

b^^rtc}t^^iclth ertcl t}texe^oxo a ;lax,};e c^: ►cxtuxe antenna.	 A s^l7ex:ica.7. xe;t'^.ectct^=

sr^x,^a.ce a^ wa,a^c mesh 305 to :iat d:cntnotex w:i.th ri xncla.tts o^ ottxvstttxe o:fi 2Q5 nt

:i.s set a:lt a 1.^ ►nestane s:i.nk- ha1.e.	 A :la.nc souxce as sus^aendacl ni^ove ttte ^,^;..

f],oc^tox :t^n^l can k^e+ mavecl to ^o^.ltt tfte k^eam ^0" o^^ the 2alt:%t}t a.n atty claxc^-

tiott. A x}30-MFIw 7 -rnv ^auXse trznsnt,i.ttex a.s ttsccl fax the ' I'l^omson-SCa:ttex

stuc}a.es.	 :k^t,xthc^^ clet^ti.7.s of the system can fie .t'ailncl a,n t',^z^^^fi2 ezrar^ Tcx.^e^>2c3^^

The bta.l.^,stone Iia.11. Observatory a.t West,faxci, 1+1a.ssac.}tusetts ax^.^^.1ta^J.}^

em^^.oyccl n, A40-r41 txsLCka.ng xnckax us^.n}; a 2.5^^}{ti' ^u7.se txnl^sm:i.ttor ttttcl rt.

stee.a^ab:^e 25 -m <l^.rtmeter ^^axa}to^oa.ci antenna.	 ^:onosl^hcxa.c-scnttex met^sttr.entertts

wexG nracfc by ^tit^e^ ^^ c^^. C1.^^G0;^ t^sa.n,^ the o^•7.^.r7^tl. system.	 }^nte1• rt vcrti^

cn7,1y roa.rttecl 70-rn }ilrabol.a^.<k at'ttenna w;ts used wt}i the Lt^l^}-Dillz tr.aztsmi,tt:e^•
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:£ox additional measurements while a 1295-MHz transmitter was added to drive

the original antenna [Evarca and LoewenthaZ, 1964] .
'he scatter radar built at Jicamarca, Peru was based in past on a sug-

gestion by Bowles [1961] that ion gyror9sonance sidebands could bo observed

by a. radar pointed porpen3iculax to the magnetic field in the ^.onospher©.

•	 kien^,e, the locat^.on in Peru near the geomagnetic equator was chosen for a

49.92-MHz 4-MW pulse transmitter with a 290-m-by-290-m crossoct-dipole array.

The transmitter and antenna are designed so that the two orthogonal sett of

dipoles can be operated independently and simultaneously to produce various

po^arizatioas. The modules of the crossed arrays can be fed using different

coaxial cable lengths to produce beam steering. The facility at Jcamarca.

is described in detaa,l by Raatog^i and Bowhi'L7 [1975] .
Additional radar facilities include the French bistatic radar build; in

1962 at St. S^p ;'tin and latex modified to a quadxistatic configuration [Bauer ,.
s^ aZ., 197]. The transmitter operates in a continuous wave ;bode with 150

kw of power at 935 INHz. The Stanford Research Institute radar operating at

1300 MFfz was originally located. at Menlo Park, California. [Leadabrand, 1967

and 1a^tex relocated to Chatanika, Alaska for auroral-zone 'ihomson-scatter

studies [Leadabrand et aZ„ 1972]. Tho British also operated a radar facility

at Malvern, hngland on 400 MHz [Wz'1Ziam^ and Taylor, 1.974] although this

iacilty .s no lon^ w •̂a' in usc^.

The various radars mentioned above Overt! usFd during the early 1960^s

primarily in the study o£ the E and F regions of the ionosphere [Creenhow

et aZ., 1963; Evans, 1967; Evans, 1969]. The Thomson-scatter method was used

to obtain electron -density profiles, electron and ion kine^4ic temperatures,

and to identify the major ionic constituents by comparison with theoretical

curves. Partial - reflection techniques were used extensively in the U region

[e. g. Gregory, 1961].

1. S Mesospheric Radar S•tud-iea
The Thomson-scatter radar Facilities discussed above were used for D-

^:.•egion studies beginning in the mid 1960^s. LaLonde [1966] reported D-

region 430 -MHz echoes at Axe;cibo. VHF echoes were observed at Jicamarca by

FZ^c1c and BalsZey [1967] who found the predominant feature to be an echoing

region near 75 km. between 90 and 110 km the equatorial electrojet dominated.

the ret^tdx.s	 .I'oannidis and Farley [1974] and Azmzsted et aZ. [1972] re-

ported echoes in the region below 80 km. Acoherent-scatter model was

^z.^. 9 _ .	
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a•egtt:ta•.e^i :tn tttu P t^og:i.on nt lalln S;^nco tf1Q o1c^Gtron cionsl.ty pr.cxli,ctoti by

'1'Itg tnr^^n^» sr<[tttQr th^or,y tct itxoctr:cc^ thr ot^soxvc^cl drha pnwot w gt^acl hnvo ttecn

trio .l.11'a'^;12.

'l'ho ^';i,=t^5t tncrisuromonts 4^ spet^,trum qtr nut^oerr.:xc^l.nt:lon mcansur.rtnant:l ^n

th^a ttt4^s^ y iihaxa waro z•caf?ortocf by WnrrtYrrttr^t crrtit (;itz^`Z'l.^at C7,J7^3J n^ Ji^nrnrircn 	 /^

v^l.t^ca.trr tttr^t141ii'rnterlt n1Qnf; rho l.:i.tto q .f, s^.gl>t ni thei xriclnr, laortnl wits ol3trixned

fa^rint thu rutra+`oY^a•c^,l.it^,on fun^ta,on 	 l;^> wns e4tt^l ► uluei thit;T. sftoxt-11ox^.oc1 f^:i,ttr'--

tutrta.ntts ^^n tnc^tlsua^acl ru^.ltzl va:l,rir,;i.t..^,05 bvc7'Q cfuo to ^a'rtv.t}^-^wn^re .t'1ttC_t ►trL^.t^tts

:y ne thrtt. riciutY^rr.:l. rtr.ttlASltttcta^ct ttlr,Uulo,tco 1ta'otiuccicl lty w,i.nt1 ^ht^rrx^s a°n; ^asi,ciii

s^.h;l,o ,t',o7^ t'ttr~ btiSttt^vctcl ncho jtowiaa^. 	 l'n th^,s :i:ttVCtsr^,^itt^.oti tftra s;i,i;nri].^to-

nr?^:sc^ '.r,rrt^^.t7 0!' t11u atilt'„r1 W n 5 ;i.mp^a^^oci h^ the Jit^oa`^ss rax' ^ohi^rent :ittt^gant^,an;

'1 `hQ 4n^'x^J,nt;i,on tints o;f thcl UrirK;kscritt^ta•^d si.^nnl s wins l ango y^ thrut the intaz

jntJ.st^ lacra^a.dri ax rllo ^a^rrdnr. Orr thnt s^i4czuss:i,vQ snttip,l,os aFcta^ n }:i:vtsn ita t;J^^lr^lo

c:^lr,lrl ltd stttnnt,^ci t'al+^t11^a^ tv^.th the sx.^nn:l. i~oncilit^ tea rlcli rand tho nnisc tertci7^

r,c^ crinco,t,

r1t1 c^,^tons:i.can of thu nitrav^ taaa•k wrts p^:r • f,• ^t^meci it,^ ^ie7rz't!'P?^J rrrt^^ r^^^ercIirrG`nr

r;l.t?717 rte` ;I`i.^runrtl^^n. .T.n tltr<t ^.nvclst^,l;nt^.an ;i,^t wrt,ti shown that tho ec:.hoLs

t-ha^c^t ► ^ltrit,t tita ,l.a to $S kntro^a.on wt^,ct` cttiu not to '1 ` hctnttion s Crtt^*r.:in^^ y.t^.

t°lt^ Ghn:r• m ► 1; tnnt^.on cif tlta ^.ler,i^;t^t7rts, htat 7^r ► thcza' t^:r^^^ tira^tau;l.ont^tt :i.itclttto^l. 	 Tt

wrt:s shtttvrt t•hnt t•h^ Iti4^att t7^.ho litxwox ,f'or, tho a^sueoa,verl sa.gtlrt;Ls ►vrts rf till ntto^^c

Chrit a;^pcctncl t'a^crtn '1'hottisran^scttto;r^a,i1^ th^rary.	 'I`11^ ntlthor..^; than s ►lgl;t^st thrlt

f..tte a.ttcr!tmi:tt;onC n,ittra^c^ 4.t' tha t^eh^ios :inri7.trttes tho tuz^hl ►]ent nrr.ttrx4 o,f' tlt•.s

a^t^^i,cltl;	 7`nciuecl, t1tc^ erhn liowc:r' Afton lr ri7'i.ad 1.)^	 ^p cil3 riv^a^ rr rrtu oa,• two

niinli^^<^ 1t^a"ic^cl ^i;ncl:i.^at:i,rt^ it nont11Q7^tnrr;l, ntn^hnn_^sm wrls a'c^.fittortsa.ltic`,	 The srtnit`

^oitr.;Lt,tsi^cin wis a^enchc^ci :i,n n a^oc^int itttl^or tt^ r ler'rl^:c^^z: enl^^ l^t^r,i?r •r7t r:197th;^ ,	 'i' ► ii.

l.n,r.^^^ .t°:l.ttrwtt>:rt',rtits ;ii1 the er.ho pntvox nx^e d:i.xeCt.l:^r a^o;lrttc^,ci act 1^^rr`tntlttt'..ons ^,n

l.ht a`^^rt;r^ v^' uitox^;^^ ci;i.4s'i.l irtt:i,on lzu^^ un:i.t Haas;; ctttc^ to tttr.httleni~;c:. `i`hr stt ►ria.ii;

c1o^Ga':ihocl ;n Clt;i.s i^iir:ri;rnlih cran.f`=i.a•ittecf thn tua^hul,onr,u a.ncitr+~ed o^„i.^;i:n ctf sort,

tctra.t^^ ,i;t1 this msosphcia^o rincl a,ostll.tcct ,i:n thn r^cr l5txllGtx.ctn o.F su^^rxtrx :t^rrcl,^x^

^o:r^ they stuci}^ q ,t` ^I}^ttnnl;i.CS ^.n thra tnc.sosphez•e, sta• ntQSiihCa^e^, anii ra^4lttis^^^h^^a^ti

^nbtia°c^tr3.^+ror;i ^1, S, nrut `1') .	 "I'hcrsa f^t$1' ^a^rt^itt^'s ut:i.l,a..ct t°h^ cohtaa^ettt^ n;rttra`c^ ct:F

'tho `.>'^t'ttx'tts , ► ncl thcr I)nittaJ,et^ shaft liracitrcerl It}r thc. ►notit^n r?x^ >~°1141. ttrxlnrlcrtt

so^tr.r`e^tn^ '.i^t^^cttt 1;l,t^it,^` the 1a.ttta ci.t° s;i.^'h4 of thc^ a•rlcina^ 1tor ► ni.

^ : f^	 f^:t`F+t'fi^^^rf^"^'r t'.► i^^':T^2:^'t^f)^?jJ4^;1'2 t'a ^'1 i^^7 6^F1^r 2 7r1?x'9:E:' ^^^^^^!''^ ^1fTc^f7:r^^+

Sr^t^r.x^r^ o.f t• hc^ x^rzclrt',r^ fric.:t.:t.^.C'i.oS	 ,n^.tirtl],y usc^l irtx` '1'homsctn s^:artr';t' lt,t.ur.:

1>aen etnl^i.cty^a^l t'a ^c^].:l.^act c. g ltr•a^o.nt^st^rttte;r^ citrtrt fa^ain nEF.^.tttcle^s tiC^l.rtw the ^^,
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xt?^:ist7ct.	 C1^^elinrn1 mzf^ Ctli.^le>•t. [1,^7^^^ menstrr.eacl Wa,ticts nntt ^urbt^lencQ to Clto

StTatn^pfl('a'e nncl enC'.S g spher.o aC .7:i.cnnur^a^^n, 'i'ho i^oppl.or ^h;i.Et of thca xoturnetl

sa:t;tttrl, :irid:i.oatecl the tnot^ott o.f ^lao sci^ttQxing ],tlyGx a]ong tlao ;1,3na o.f. s^.ghc

of t;lao x.ui^x aorrnt. 	 11,tta col,locteaci ute Chrit: L y me wur.tt Jittt^,^eci Cta Bite he^i.^iit

tr ,a Ca.nte.	 iVa.th tiic ^nstal,x.aGx.on o^ n now ct?tniatttox, s^.ntultanc^aus tilr ► lt`^ho^,lht

ttrGSOSI)hoa^a.r phsca^u7t:i,ons worca ntncle ^fxar^^a^ crrt.c^ Cdc^cac^rrrnt,, l.tt77`^ .	 iteoent7.y^

wttvos x.n tlae :I.r^wor stxat g sphox•o woxo olascaxvec lay ^itla^^x^ ^^`^ zr7^. CJ.^7&^ tat

^7:i, c^;niaa^ c tt .

:''h^ i13^ Pili^ xr►car. rtt Axt^c^^lro t^'ns e piployr.^l lay ^o^ eh er.7. [1J77^ ,fq x: tho

nlcnsi ► ;r.otnenC o:t' m;i.cici!.c ntnt^aslah^^x^.c, riynnma.c.	 As d^.scusscacl by WCS^^r'l^tftll EzrrEi'

C^taG,`C^^'re r^.`.^7 r1^ ^hc cohts i.ntonsa.t>r ,f:^`r' cohoreant: ^cat^ex.' cietaoncls on tha enexb>'

slaecrx^tun o.t' tho trx^hu:lence. (?rt;l?^ the spat:i,r ► a Fouxi.er. t^omponent o;f Che a'o-^

fa• tttp C:i.uc-:i.ncicX fl,tsctiu;t^a.ons cvxr.uslaottcl;i,rtg to the prol^:i,tag wave^.en^th c.c^ntt^;i.^

ht ► t:cs ^^ tla4 srn:ttcxin^. l^rr^^^p^v- ^ra^^ I^stu1t^;77r ^;1,97^ib^ pxcda,ot:ed tht ► t t}io

4vtvt_^ rttamlaoa^ hi. ` c^`f^ t°lr ^a'ct;a.bo transnt^tr_.^^,^ cx^:^?e^ls, Fcs'a' tite^eplaex;i.c ltt^a.^lats,

t•he ^x^at'i.c: ► ;I. avn:vc numhex^ 1t , ;a,7a^lero wh;i.c,h t:lte ct ► y^lat ► lctat cno'r.^y spec;t:xt ► tli cic-
t.

c<a'eases c^laonenta,n7.]y.	 ^.^ca ^'t, ^zl. ^^:1^77;^ uex:f;iecl t:hc pa.ecia.ct^.cxn cif° ^i'c^u^`Cs^^`

t7rdc^ l^t^t^^ltt"l<l. ^.lJ7Gla'^ lrut; showed the cY^,st:G ►ac,e in CiaG sta^n.^o5}atar:r^c b:t' ^ta7^lat ► ^-

ence at: r.lae iaa'ob;i.ng wnvr ntua>isea^,	 Acicf,ttr:ion;r:l. Ullr ntc^ast ► a:^emonts rat the txo^ao-

pauso la: ► vo laetn nracfe lay 7?cz7^'l^c^^ c^n^^ l.^'^x7'l.==t^tJ r:L97G^ t. ► s:i,nfi t;lac 19(1 i^tlt

Chataan:ikrt, Al,ttsl;^t a-tclax.

I)t►x.i.nF the xc^erat past sevea:nl stew t•1S'1' rar:iJx.t:a.es laa.vc lacer cles:i.gr ► ed

► ttci cons^x• tsc;tcci.	 C,otas^.dexata.orts t'o'a^ the flesa.^n anti usL o^ ^1^T a • taciaa's axe

cla.scUSsc^c} h^ I?czl,^a7t'r^! CJ.^J1i3tt,b^ .	 The S(?U5Y a-adna° nets: I,a;ncl^at ► , Feclea:;a;l

loo}ntla;l,ic of (,ca:tturtay r(^'^,t;c.^tte?roolt`/ n^^ cz'1;.,, 1.^7^i^ .^ncl tlao Stmsct x,acl; ►:r. in

^:ol pa^t►clo ((x^#''c'.s2 ^^, cz7., ].975a,1^; li^c"zx trr.C^e^^. c^^ czl ,, :1!77&'^ laatrc o1>tn:i, -Heel ve;loe;i.ty

tatcw7st ► a'osnents tha^o ► r^hotrt t:ho txoposphe y^e :anti st:ratospherc. A portal^;le xtacf^tx-

at i^akea^ I{:la.t, Al.nsl:<a was ra:l.so trseci :i;n ta^opos}^hca^;i.c tneasua^ement5 rta'c°^^:lt.v7.t^ Q^?

ct;^., 1,077:}.	 A ,permanent ht^`T' a^adrax a.nsra.l„l.t.t:^on a.s uncica^wtty a.t f a ol^ea: ^:l,at

fJtasecl on tt paot:otylae x• raelrax wlaicla a.s ;l,oe^ate:ci rat: l a lfa.t:tcva.].:l.e, ^:o1.or;acf p r1^c^l^Liat^'i!

c^^^ ^tl^. ,, .i,97^^.	 }^irst xcst,lts ra°om :laanz.toct op^rtata.on a.t l?okea,• F].t► t lattue hoer

a'eisoxterl [I^^r'l s7e?^ r^'t'^ iz'1..., 1.980] .	 '1'1ac ^QllS1', Sunset, 1'ltart•GV.1.J.e, anel Rokea-

1's t.ta:t' xt► ^lttx:'S na°c. a.11. Vllis x^cf<►.xs gas a.s the Uxbnnta x^'tcita7• whl.clt :,s cla.scussocl

lac^:lnw.

.1..7	 il7iteac^`^^stse^t^ tz^ac`^ uc1^Cae? df ^'h.i;a ^'^^^itc^

'1'he tftxco pa,• i.nc:i.attl ab;^ect,i:vcs o:t< t;h.i.s ,tt ► cly <txe:	 (:1.) r.o clesc;r,a.he the

..;^w	 _	 ...^.
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4r^c1^ +eAt of thU Ufbnna cQh#font-sc2tt#f f md^l̂  Systom^ (^ to ^|t nin ^chd

how £ a' .fadi n1 ^ol0cit/ i, ^±uf^„manta w th a time fesolwtiolr ^|ƒch a110ws

tho dbsef^ ti0n 0f w: e ^ oRmmni i! the meaosph ^Q, and (3) t0 ^A^, ^@SOm-

t inA R data bRSC ^!0 m Which scienti^lr ire frn„ Lion rRn R$ 0btaigod: *#

o,ttl^,d of this atQd y is ^ ¥^,̂ Vie, law,

Qhg±^ 2 dUSCIi|o, S t!e! d^¥ol^ m^,t Q£ t§d ^lbana fa4^ . $h n Vafi^^a

h^ ^ Rfo &Ubs^atdms ^ e aiscu&sUd and t|o! gmfntions ^ ^^0p,^ic at UaCh Std ^

of d^ a #£ocdss^,lA aye aescti Ro, d.

ObSOtvatiOna c h^ ^ tefiSt^Q o£ ttĉ ^ Ist a^ ^ c0lfe^ted ^ldm thQ U£|qna

=a d: af@ ahO^ it ChApt@f 3. ^ oC^ iU : ^ Q=es 0£ t^d̂ RRta aYO il#at^!lted

Rha diacBS^ed i,̂ detail.

C0n01t^ai0ns mG SQ^R@sti^ra ^ I ^ tufd Wo=k a^ oaf »»! Cha)tet 4,



1U

urtl3ntvn col il^rtt,N^r ^4(,n^t~rrii itnunli ^YSJrtAt

°' . ^,	 t?^7rt?r^'1 (a^^trK`^t,'f' eaf `^^t^ (lx^I7exr^e^ l^n^ltx^^

In :1.956 tl^e N^rt^.antrl. f3uxQZtu a^' Sttindnr.ds opQxnted the l,anF 13r.tantbh 12ncia.o

I'a^al^^► ^itL• �t^n '1'x^anstni^tin^ Str^f»;1.o11 IVWC Tlt'ilr, Ilttvann, 1'11.ino^.s. 	 nnlonl; nthe7r ez-:

j7c y^iitents ^,entli.ta.>ked n^ phis stn.^inn n ^It1.9^^Mllz 17 u1,^:eci x^^<lila^ with n. f'l,at f't7tir,_

;rca^c^. ^I.lacal.e n:,r.,r,^y w7s utilized by he7t^^7c^^ ^1.9Sf;J t p vrla.i^y Che e^xsre nave. of

;irraohca^tnt srr.ttex ,f?xvnt the mesosl7hoxe,	 The If:l;vnra,n. a^ticlrir Sv<<s sul7sequonc:l.y

used kay tl7e ^m:i,^hsc7rlirin nst^c7^alaysit^^r]. Obsea^vnz4>•y ;► nci wtls nincle nvttiltllt.le te7

>wha llri:i.ve4:r^sity o:f' 7`;i.;l.;i.nc7;i.s in 1.97:1..	 A mul;ta,sti7tic meteoa^ ; ►.-ttdti^>• wis eon-

s>aa
7

^uc^>Me
p

cl I: f; t:he
t

u;>
)
:t

J

7,u
y

it .fiel.cl st;ltu :i. pn ilsa,nf; the ^1^.^?^-f►iil^ tr.^nsmi>~tea^ (^';il^?c7c11'cffr,

,1^1 /+^ 1	 11S^i3i1 C.x^lll i7ly l ( (^ d.^J	 ,1,^^^(),^

l3ccr"life t7 .f :i,atf:^^aest in cc7hu;1.•GtltU 4a,:tCtca^ ,f;a,•ott► the innos^7hea •e, e1.e»tents

t'a^eitt the dipal.e n.xa •,n.y tlt litivua^► wea'e ► lsetl :i;n .1 vextiartll,y ^)p :i.ntiii^ ciilaq;le

^1,;1';1'Sl.y acan;:ta'tIL'Ged 1 C 1Ja'17Ufa+a.	 '1^11e• 1vUa'k 0711 L' ^l0 {lI1CL'lan'1 r.11at.i .I.S50C:l::l.t^t1 :ft^erl

s)^stern w;ls ae7nga:l.eted :i.ra 1J7ti (;r^r(rrt^»t. ^t'ttc! 13^t^??r^r'^1•, ;1.J7G:(. 	 Co1,:lection ta,t°

ae7h^^a•ent-scR► ttea^ ciaC;a then betPlttne 11 ]^a^c717;l,anl b;f n7c7dif?a.cn.t:i.on p ,f' t;he ineteaxM

a^nti7.a,• systcttt.

I'. K. Ita.stc7^3 ntaxle xk ► e f^.a^sx; cal7sea^vtat:i.orls c^:h ccahc •.1:•ent sct►:ttcx us:i.ng' the

l).cbaaaa. a^tacita°r dua^:i.ti^; ,Ju1y, ;1^)7(i. 	 N'li:i.le these vaa^ ;i,:r:i.ed the i^ote^atx,al. p^7ca^,lticm

ai= 'the a^ttd.l;z fcaa^ er711ca^crit se.7ttaa^, thc^ d;tt:t. aut^^G1t w;as 1.:i.nt.tcd to oscil.l.c7sc^al7a

r1 '- ra.• ^.ces ;tncl ehtla^t ateac7xclea^ c711r17uts faant 1 tao^a;r a' :i_atte^a•atax^.	 ^l'n Nave;nt^ca^,

J,97? the f:i.^st ;I.ttentl7t tc^ usc^ C1. compute;r fOx Cf?hea•ent intef;a^rttx.gn nncl aarnl^;l,eX

autcaar^a^a^e;l,at:i,ali of a^en7.-tim.^ dater w^is tntule.	 Iipwevex, ber.tuse a;f.• 17t7e7a^ tae5^-

f'a •i•nt<^t1cc :i.n 1jax:i.aus 5cc^x;i.caiis <).f' the meteaa^^a^rldnx system 17e;i.nf; used. ia ► thr.•,

scrrttcx system, nat:lla:ly the a^ceeivaa^, no si^r^:i.Ea.crant ci;itti. wea^c^ co:l.:lectecl;

,^f`r.-e•^' test �n^; : ►:tad aepra;i.^^ elf v;i.a^a.aats a,atuladneaiCS 1 :l.ewr.^^ iia;l.tic' f:i.^;ua^e

a^cceiv;i.ng systet» tv:ts ofata.ir►ed a:nr:Y .laa^el,:i.nt^.na.a'y caa^a'e1l:ta,orl dtrtra rve:r^e atz;l;l.c't'teti.

a:n ^tia.xch, 1n7^.	 lr urthc;l^ xm1)a^etveinent;, in the h;la^ctwnx^^ 17a •aal^et the system to

.its lar.esent c^anda.t:i.an. 	 [`tticf^ of tlic 11,•Ixdw,lr,c :far. the a.c7}a^'a-ent , scnttea` a^rlcl,t;>•

:i,s 51r;a^l-ed w:i.th the meteaa^ a^rtcin;l:• .	 I)e*n.i1 ed clesca^iptians a#? Chase stal7systcnts

t7,a.•c Mae ;rc^oa•e ^nat inr,l,^ldefl in th.e ^o1,l.awinF, lath :i.rtii^o'.rrtlnC ol7cza.tirt^ la^a^ti-

tnt^rexs c►re :ceperlted.

^ . ^	 tit ^et'C7^' ^'^Zxfi^iclt?'2`'("

'l	 1'x^^71.4rrrt2:P-'t:e1^.' + .	 "1'he tti^,^:nsntitte:r u't;i.lizeel a.f tla'fazuati, far iaath the^......

me.tea'a^ x`,t^l^^r^ tt:nci. cohe^etatA^sc^;►atea° xacl^.a^ w yts taL1.1.^G :i,n 1.955 l7y ^aiita:nen a1

^J^J	 _	 _	 _ - _ ^^ -	 -	 - -_
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t;l.ectronics Manufactuxfing Company o£ pal.las, Texas. 1'?asigne3d as a prototype

fox the [)ist^nt Early Wurn^,ng (Dt?W) hind o£ raclars. the3 •tr.ansmttar has a

q -^1W penit pal s© output power rating with nominal average outrun power of

'1Q kW. Tho racier operates at 40.92 F4iz with pulso widths ranging from 3 fjs

to l0U its. Fxe3seritly then system is op®x3tod with a 20-ns Tulsa at a rulse

repetition Frequency of 400 Hz.

'1'ha ,£final amrlfifinr stage consists o£ four water-cooled trfiod© tubes

(T1a.chlett (^iL-S682) in grounded-gri d confgtrratfion. The tubes are mounted in

rressuxizad cylindrical, cavfities to minimizQ arcing. The cavities are reso-

nated at the l,nput and output of the tubas, Wate3x cooling is provfidac^ to

maintain operatfing temperature ne^ ►r 1 q0°F. A cavfity rair fis shown in Figure

2.1 .

The transmitter Final stags is actually two pairs of tubas with each

paix dri:vfing one sa,de u£ a balaneQe coaxial line . Tho drfive3x angtlif^i.er,

cleliveri.ng 0 z 6 1•fW peak pt2l:se power, fis a s3gla tiL -5682 txiode con£igurecl, in

tfre same inFennex as the output tubes. Power £r.om the ciriver is srl.it :first

to obtain the 180° phase shift between pairs of .£final. tubes, then again to

propsxJ,y pttnse the drir^a to each tube in the pa.ir..

Tna internredia.te power amrlifier fis a 4CXSt700 tube which operates at

recluc/^ti plate voltage with. respect to the M1^-5682 tubes. P1 Fite dissiratiort

of 5 KW necessitates A preS5uri ZQC} Ctlliltrber with water,-•Gaoled W111S. 1'tie

4Ca5000 is in ttern driven by a Cantinant^al f?,1NCtranics 814II VNP transmitter.

Using a pair o£ 4CX1Q00 A's connectoci in parallel thej 8148 pxovides drive

pulses with a rerak power o£ 3 kW. Various lower rOWCY' stages dr3.ve the 81413

.fxam the gated R!+ pulse provided by the radar dfirector..

The pulse tnadu;lator, rroduces amplified, shaped pulses wtticb are trans^-

£ornte.x coupled into a ,£final switching stags. Thx.ee paral,lesl htL-5682 tunas

switch currant a,n the pulse modulation transformer, producing the required

high. voltage pulse on the secondary. Partial control of the trnnsmitr.er

otitrut rower is obtained by controlling the stet-up ratio of the transfaxmer.

The f^.ilFil switching stage is shown l.n Figure 2.2. Amore detailed descrip-

t3,on of the tratistnitter con be found in Ness rnzd CR^7.^r, [19767.

'?.2.2 Ari^enrta artd trcn7sm^:tfrace •ii^e ar<ri.tch. In conjtuiction with a

rower.Ft^l transmitt er coherent scatter radar requires the use of a high.-gain

na.rxo4v-beam afitenna. The ctiaract`ristics of the Urbana. cla,pole array axe
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1'i^urr .'.1	 •IU.9Z-AUIz transmitter.	 In thr forr^roun^i of the fit;urc
a:e thr cant ral h:+nel, the l^aw^• r meters and the rircuit-
hrral,^^r hanc• 1. The larl;e metallic rylimlrr in the renter
of thr picture is a hressurizr^l, tune) cavity huusinf^ the
Jrivcr tuhr. One of the four autnut r;rvities is seen in

the• harl.^rou^ul art tlr^^ left . 	 1'he^ rcluihnu^nt larat^•a im-
mediately in front of the output cavity in thr figure is

the transmitter for the Urbana l;tser raJar.

OQI(31Na1 ^`aoE ^s
Of IPC^oA QU A , tt^



Figure 2.2 F^n: ► 1 switching; sta^;c of hulsc mo ►fulatar. The

three l: ► rf;c tubes seen here arc Dtl.-568 triodes.
ML-SbB^ tuhes are also used in the driver : ►nd

^^<^wer ; ► mPlificr ravitics.

OaIpiNAt: ^^ .̂^E ^^ ^^ ^
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fy;i,^*et2 ;k,r) `l';^h1.G ^,1:	 CAr'7^^,^^ crrs^^ X3^t^>^tz,^ ^, ^.J^f^ . 	 7`fia nr.x,^y ^,s oa• gs►n,i. ecl ;krt>~a

^rctu^^; off' rwertty-e..^ht p: ► ^.xs ^^ 1tn^,,F^wt^^e cl;l.l^o]:a elements eitl,^,etl ^44^.^;;.	 S:i.c

c;c11.s axe ^onnao^ecl :^,.rt Irta^rtl.;lt^1 to £earn is ^r:oup. 	 'Cho 1.Og l^^e:l.en ►ent ;rr.r.tty ear)

s^,sts cat' s^.x ^a^oups^ 'I`he #.react ;^r:^tem .£or tha nrtturtn; ► entl^l.oys ol^erx^ta.x txctns-•

tn^.;;s.t^tt :1,;iaT1e ta-nrt;^FclY^mex• :^ ,i'ox n><^ ► i:ah:i.rt^.	 'i'ha ,f,•ceci l.^.nc .fxctrn txrrrtstna.twraa• ^o

;1:ntenttt) a.s %1^1^ .ft. ^£ Itnlnnceti ccactx^,n;l 1.a,ne ltt;► a,^,>~ ,f.°xom aztun:inunt c^c)tt5tx^tata.^tt

t^tlte:,	 "l`lte a,ntlea^ carlcitic>~ox aF thr,ce,i.neh ciaa.ntetar. tllul outo: x concluctc^r, af` so>,^e;^t-^

aiteh cl^.trmeCex zlre sepa^nCec1 ^^ savertm^eox 3.n^azvl^.s kyy t;e:f^,ott s^^arcc^xs, The

;t.rtre)tntl ;i.s shown :i.tt ra.^t;ta•e ^.;^ wtlx:i.	 the .^cc^l 1a,re ^5 p^,Cttrr.ecl ;i,1t f^;,fi1^:c•a 'h,^1.

T he t► ntennt. ^.s c^lrmectari Co tha tx.^trlsnta.>Ntex v^.tt rt l;rrtnsnt;.t /r. r,c=e,vc (`l`j12)

stvteh ro ;t :k;kow moriost,^tzc operat^.on.	 Foux gas-.t?^,1,1ec1 Cttl^es rtr.e cvnli;l,o)^aci

:fox-,n,n^; ^ ^r.;►nsm^.^ja,•acca.ve sw^.ir^lt far. attch ^;^.cic of the tlrt].aneecl caal ial. ^.^ ne,

'l'l1e tx^+nsnt:i.>rtex vQ^i±a};e causes bxeakcit?wn a. ►] the ttnc^as artcl the xe.5tt;kt.i,n^ ^.atv

a.mpecinnae ;.s txatts.foa^meci so ns >+o ;isc^lnte the r,eee:i.^rex clux;in^ thn txclrsnt•i,t

;yu;lse ,rncl 'G11e txansnt^.ttex tvlla..ke reGe7'v;i,nR 	 Rcec^nt' xc^S^s ttu^rtsttxecl tltC xeeovex^r

tira.mG of the sw:i.tch ;1t A00 lts when oitcr:at»:ing w;i.th 1^1•ilV peak. pulse ^x]wea^.	 q e-

taa.l,s o^ the '1/lt swi.tch, antenna., rend ^eccl system cias'i.^ n ,trtci cattsxa:"u4t:ion :lxc

^;i.^^en. 1]^r t^^li,r^a crr)c^ ^^^awls.2a^7 ^l^)7(i^.	 7"1tG tx;ansma.t/a^erci.ve stvateh sp eck ks shown

?.^. i Iiczc^ezx^ r^2>^^r^^;c^2^, 	 `['he xrlclar, cl;i.xcctox ;:t^ lixb7iitl cor157.sG^ of rWo

sel7nxtttc trt>'its; ottc ^'ox xacli.o fxat^tiency Clt1' r) s?mthes^.s and otta ;Fox ta.m;i,n^ rtncf

lju:kse ^encr. a.t :i.on. The R}^ secta.on cost n;k,ns cxysttll, osea.l. ^.ator.s .: ► t the txan 5-

Ina.ttex .la'ecltlenG^' o.f ^ld.^^ (ail }^, iitlil the: x eG C ^.'Vex ,LQCa^. OS^x.],],^1:toa' .Fxc!gtt4'tl^)^ i^1'

35. ^1^ Dlliv .	 (•la.^.:i.n^ these ttvo ^xe^uenc:;i<es t ►ncl 1]11ti.se sh;i.Ft:krtk l>)^ ^^-^15° ^`:i.e:kris

cluncixrrtuxe a^cFex•ence s^.^rt;r;l.s at the :kntexmed;iate .^xe^t.tenc} r o:^ SS ^lil.

"`he t^.nt.krt^ section ta:F the xaclrx da.xectox ;i.s ci;r^;i<rrc^n by 41 t1 c;^re^xn.11. ttt,t.stex

c]oek n:f J.(1^ kll4 ^lex;,vCcl :Cxont 7. 5--1ltll, xcfea • ence.	 13ver^r k^ulse intea7^^t.^. .s Gt<

t^ttltila:l.e. of the lasso 1()-t^s pcx:ioci, 	 7'he txlnsntittex, artttJ.o^-^:^-cla,^itaz Cott-

vextex (;l^l)C;'^, l]:lrtnkex• , nncl tltc osca.l:lrase.olte cl:i<:^li;lays ;rage t111 tixi^ren It},

rr^^a.•^.ous pulses .F.a°om the racinx d:i.xectox, 	 ^ de^ta:i.l.csl slt^scxil^t^i.t^n o:f' file asso•-

e^.atecl cia^cu.t~;r.•;r a.s ^,ven ki^f Flc^^;i eztt^^ ^e7?c^r r^.^iCi7 .	 '1`ittt:ing 7:n.Coa^ntatni^n .1'^aa.•

the x^.tGlrx cl.x^4^ fox i.s ^a.Vet] a.n Append:i,^ l:f,

«^, 4. xi	 .fit"c'.^-'t'-2-2^`7^'Ix^ .wit/,^i°^'('!1!.	 `1 ` }1C x'eGE'x^r l.n^ 41^S^C';Il ^'Oa. • i~hC Cl]'k]t1I1^1. c:.o}1C?a.•en^°^

scrtttex xacl,rx sha^ses a. r.eceivcx anti gtrrrclxat^txe phllsc^ cleteetox^ ►va th the tneteoa^^

xacllx system. To proteet the xee.c:i.v:inl; s^rstem nrlel 7.o;vex the tloise :F:gua^c, ^,

k]].^artkeiilta• crtntli:l.:il':ica^ una.ti tall:iLl] can he ^,^^a>recl nosta• the T/R stvl.tch 11r1.s l]oert



Table 2,1

Antenna. pax^ametors ,£or the Urbana. co}lexent -scattex radix .

;15

Aperture i1l^nninata,on efficiency (n .)
Z

Antenna efficiQncy (rya)

itaci^.atxon c£^iciency (n 	 n. /n .)
r	 a z

4^tzysic^1 apexture ^^Q)

C.£fective apextuxe (na AQ)

f^irectivity (g^ = q^r^an
2/^2)

Bower fain (^ w n^^)

A.6^, ^1.3 dl3

0.17, -7.G d(3

0.25, -G,0 dl3

11000 iii2

1870 m2

1800, 33 dE3

450, 27 al3

^:^,'
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Fihur^	 .3 (a) Overh^ :.i view of coherent-scattrr antenna.
The ^roul+ of utility doles in the rent •̂ r of the
fil;ure form a reference line toward the south.
The transmission line to the transmitter arh^^ars
at the right of the fil;ure.	 ih) Ground-level
view of the coherent-scatter antenna.

e

^ " W^1.A



Fi^urr ^.4 Feedline fc^r the coherrnt-scatter system. 'Twin
seven-inch co:^xial lines run a{^pruximutcly a5t1 feet
from thr switch shed t:^ thr antenna. 'i'hc mctcar-
raJar antenna can he seen at the right ^f the fil;ure.

l7



^^ ^`"s"^

1N

bottom view of switrhinl; shed. '1'hc output to thy
coherent-scatter antenn;r is at the ri};ht center of
thr f'i};urc while the output to the mc^°,^or-radar
antenna is at the upper left. 'I^he mi• tulli^ h:utds
in the center of the furci;round delineate one• of
the four tubes usrd in thr tr;rnsmit /receive witch.
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^rtt} }1^.^1r ^^w4?.1. }^4^nll^^r6^ b`^^Fr^^Hr:!^Y^^ 	 12 :•,^w /f Si^^t7V ^l^^aMnrt^.1. 3.^^a} ^^^111^^^^11^4^^^

:^Q1.;lows ^Itta lalt►rtkax trttcl cssatt^:i.rtlly tf^tarrrtinaa cirQ nc^,i,sa >'^.^ttr,^ ^^ xir^^ sys^
•t~arn.	 '}'firs lra.itnlc^x/p^^t^mpY.^.,£3,^r tlrra,t ^s Y:rrc?^c^l ^otr^}11,y 6Q i'h^c £rom the

a^acc±^l;vax° ^.in orcia^ ^^ nri.n^:tn^.za the clr*^rrttl4► e^,on ^rti n^ris^ ^,^^;^rx,c tlua ^^ c:ot ► x^.trf.

o;► hlo ^^atNtren tho `]'/}^ gw^.tch rtrrtf x^ca^,v^^;•. 	 ;Cn£ormitt:^.t,n srn ^ncs f^f:ttnl;ax ^s

cortCt^,nacl ^;n Apf^artd^.x ^`

'I'^ta xs?on^^va^^ ^.s s;l,rt^1:a, crkrtavc^•s;l,ort ^:^1^1t ^ Izrtndw3,cich o.£ ŷ ;30 {;li p ^^ntr^^^^i

t►z-t^ttrtcl k1^,J« hill	 A t:o^^:lc^_ sw;i.tch ^^t;arttatttor. ^,^ locntrci taottvoctt tilt4 ma,^cx

srrtct ^.fto .Cf^ s^ctr^.ott fio f^^rov^.tfa contxa:l o^ s;t^rtt} laval.s €t>: ^Iro 5 ^ 5 klif; ^:Ir

:Exc^trcrtcy,	 '}`he rc+co:^vex otrtpttt a„s rttrr^^^^.C^,a^l rittti ^nf^^,^.c^ci trt t;wo .t"s^ttr-gtjticlx^^ttt^^

rr►ulx^,p^„tor oft^,ps w1t^,clt a1sA xee^^.vo tiro r{ppro^x;i.trta c{uctdznttrxc ^}^uso ro,iAox-

t^rtc^s ^t S.S i^Si}z ^enaxrtt:eri by ^h^ xncltrr. cf3.r.aCtoz^, 't'1te ^unclxa.>~trra^tl^i^a^r^+tl

s^.^rtt^ s tt^^ £ltaxtsci to xecitrcc tlra t^^ttciw,clt"1t tuc^ 7S Kilc ^	 Art 7^^i^:C^,c^rrst}. otat;^

f^taar^f :f;,;l,taox ^.s t ► cltias i'cr t^oftaxen^G s^tt^tGx to f^rari^ t;1to l]nrt^iw^,c^1t ciotvt^ ^.

^0 };llN.	 A ciettta.l.ccl cle5cra;pt:iort o^ tita xeoe^,vcx ;tncf f^fattsc ^ictac>ror .}.s ^^,Ver

try ^I^^t^ rxrtr^ f.^^^cx^, ^^7c^^

^, 3 I^c^^^^z Z^t^^ + ^rtrrtitt,^ ^Ic^^^l>4tzrc^

Ar^^.^g-^^^a-^^i^.^^^^^^, aottt^^xs3.ort :fo g ^1ta ^Irlr;irtrt ^i^^l^x^ ] s ^^axxox^rnecl lry a:

}}ct,^^cr^t pnck.trd 5G1D cc^nvoxtex, 'I'1to 5t^10 :l.s a. a^ Mf^^,t< A/I) c prtrrarter. opex^tt^,r^^;

^^ ],C}t} Ni4 wa.tah ate ttcctrx;r^y dE :^:'^}.^i3,	 A 16^-c}rry rmal. mtrl^a.li}c^cra^ ^.s €tf :,ca }^a^o^

vicioci,	 C:ont;roX a.F Cite cQrtvert;ex a,s pea^f'oa^rnecl i>y ttr^ otrtbo^.x^i sac^trertra.rl

c^,^^tr^l:^ nraci savax^^^ modo sw3.^chi;s ors c ► custom L^ui.^.ta a,ntc:x^ncc,

`l"fig rrt;►.7or5 a,ty o^ bite clrata. ^xocass^,n^; fox rho t^^t^r ► n^ r.t7citr.x s^s^cm ^.s ra.cconr^

p1,^.^he^1 fey xlta n:i,^:i.t;n.^, icltt^.prncrnt Gor,portrt^:i.on Ni'}{^-15 comput;a^^ ^,00^teti ttt tine

^^l.o^c} st;rtnn, `}`}ie rt)P-1^ cotatfans ^?K o7: coa^a nrcnrQxv, nrt extcncicd ar:ithmeta.c

element fox lttr.a.•clwttxa rmr;l,t:tply ktrtci cl^,^v;;cic, ri xea',}.-t:i.mc c;i pck ^nt3 rr, 1t^.^it^speo^f

^1^t"n c^hirnnex :fox a.r^pttt/otat^ur..	 Tr acicla.t y,on, ,fotrx }^}"sCt:C41te ttrtits preva.clr

nrc^i^.trm spoatl E^ta:lk st gx7};o taha,le fntrr ^i.xetl-he^ci cla.sks are ttsasi Fix, 1ra.^;1t^

spoecf s^or,rt^;a <,inci systam so.£twnrt;. I^r ► rn txnns^cr to otltcx comptrtoxs ar<rt

f^ tr^GOrn}^la.shefi tl s^.ng 1; 11 a }ta,^i1^spCecl p Rl)C`r^ t;1pa xatrCi4r./ntlr2c}l, 	 A GE!rie7C^].

};;l,octx.•c '},`e^rr► ^.txet 120Q ^e1.etype ^xodt^cx.ng h;^xd copy ^t: a:2Q t}t;r^rtc:tox^s pax

5e^anc} tr'rt^l nrt. xnfrton cathcrcio»xny te^rrra.ntcl. oparrtt^.rt^ rrt JGOU U^rud pxev^.cye

the op4x'tttox ^.Ttt:C^",i'irCC.

`I'ltc? plot:t^,n^ fior ^^}1e c.oharar^t-sczttc,x expex^.mertt ^,s parfQrnrecl ear u

}iew].ott PttckZr^i aA,3AA closktaf^ c^omptr^ex. 'i'}ie 9^30A a.s n sma^.J., slaw ^ertoa^h.}.^

F
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purpose machine which utilizes a QA,SIC intexpr.eter in ROM. Addit^iona'^^ f20M

chips .£ox sexing variables, matrix operations, paper ta^1e reaciex control, and

Plotter control extend the capabilities of the computer. 7'he 9830A at thQ

Aeronomy Laboratory contains 16K o.f RM9 and a single digital tape cassette

ut^at which is an inte},*x^al part o£ the computer. p agital cassettes are used

,t:ax both Program and data-file storage.

2 . ^ ^'o f^;ar^

2.4.1 ^'heory. The purpose of the system so£twaxe is to produce echo

};ewer and velocity measurements at the desired sample heights. The power

and velocity information can be obtained £xom either time doit^ain or frequency

domain anform,ation by finding respectively the autocorrelataon function or

the power spectrum. The frequency spectrum approach utilizes narxowband

filters to obtain the energy at vax'ious frequencies. The output o£ the

filters as then sampled and digitized. Zn the time domain approach used

at Urbana the Phase detector outputs are sampled. and autocorxeldted digitallyu

The Phase detector output consists of both noise and sagna.l components.

I^^irthermoxe the rtoase anti signal axe uncorrelated so that the autocorrelataon

of 'the sum of signal and noise is the sum of. the autocorrelatons of each

component taken separately. The signal energy is concentrated about the

Doppler frequency of the returned signal while the noise has a band.-limited

spectrum. Thus the signal is correlated fox times much longer than the

correlation time of the noise and as Woodman and GuiZZen, [.1974] showed the

signal is correlated fox times longer than the interPulse period whale the

noise is not. The process of coherent integration where the samples taken on

successive pubes axe added can thereby improve the signal-to-noise ratio o£

the resul.tang sum. The coherent integration period is chosen as a compromise

i,etween improvement in signal-to-noise ratio and time resolution in the auto-

coxxelation process which follows.

The power in the returned signal can be calculated from the zeroth lag

of the s^„gnal atitocorxelation '. If R(T^ is the autocorrelation of a process

x(^) then ronsadering the definition

one "has with •r = 0

R(o) = ^'{x(^) x*(t)} = E{ Ix(t) i 2 } (2.2)

which is an expression for the power.	 hlowever, as Pointed out above the

_, ^_

.;„;.
^^d;r

- ..,^^-



^I^ .^^	 ^ p ^ ^

^r^
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:31.

tL q :i.ti^ ivy,;ll ct^1>,ti• ^iltrto ^tr.ima.xl.1}r nt tho x^^r.oth 1.ng o£ the total. ittiCocoxxei,rrY

>~ •i.c^tl,	 l'i' rho t^c^:isc ilvwQ^• :i,s nsst trnocl cat>sCnnc tilvet' Chc santLl;l,eci alttet{cies ^lnfl

s:l.^l)vl.^r ^"az'y3.nfi t'ilen C hnll^y'fts x,ta 11^Wtlx cal.ett,lrttQCl £.r.om Cho	 c'=a'oth 1n^ c^,E the

t of a^J. at ► Caeoxr, Cl.:1:t :i.. Clt t .^ltrl.Gt;i. t?rl WJ.;i, :l !le tfttl'. tact ^:hatt.^e^ ;i^n sa.^t l a.]. pc,wex.

Rex,ctC:ive 'rl,tt^,t;tttr!t:I.ons :in ptr ►vttx o^+er n:lt^.Ctulu nttti t'3,mc tau thort£ox^e^ tn^,tsttxet.

'1'he ► I ► bt:i.t7 ►i ^,^ 'thy s^attexa.lt^ Y^eg^,otts can ltc mertsuxed ^tsinfi th+^ i^opltl.ez

sh'i fC ^l.' Ch^l t`c^ttlxtioti ^:igntt.l, . 	 T.E 1 ^, 9.5 tht^ xa^la,a:L v'e-l. g c.;i.t y of rl>e srattorn^

x^ei;a,ntt rutl ;^'^ :is Clio I)ctpl y ler, .Fxt`gttr+ttr,y thin

1^.

witex,e ^ ^ 7.3i meters :i.s the xacir^r wnv^;t^ngt:h. {lcnc,e

`lt ^ ^f^	
1Gd

r^ p ^ ^t^^,

x^	 ..	 Cllr	 fig	 tih	
(.... ^#^

tvhexe ^':f 
is thcl xltcl;i.att p t^l^lalna^ .i:xeciuenc^^, ant ^ x.s talc ph;t.;,^ ok Chc :iutocox^

-	 ---	 r^^	 . _	 ..	 :
a^<11af'.i.^r^ fttnct:i,ott. 	 `1'q csti.nl^► te	 Inc rccnl:i.s t`hn C $l^^	 t^, a..e. trite ^utc^-

l'Clx''].'C3^l,:1.1`:LC?tl :1.4 1'CCtI, it.t< r<hu M^'1:":it'll l.a^ i?^' Cie;l'],nl.*:I.t?n.	 ^^ ()11C 1t:1S the ^O,l.I.C)4V:l.n^';

.^	 t.	 (^'i . •t,°	 ^,^	 ^	 .^
h ^ ^ ^

A tvo:i.l;hCtltl a,vclx:ai;c c1F xhe val.ttcs e^;l•Ctt;l,n.tctl O t t ;l,ng;^ Qrtc t^ i"hxce :i.s lisetl to

()t)t'il.,`Lll Cile !/C,l.p4`'4t:Y' 111 C!r"tSUa.'CII1C`llt.

^.+1,?	 I^cr°t^et' c,^l`(^^t^'h,°t3c^>^t. 	 '1'tiu :Fa^xst strata ^.^ tla.Cn. 1)a'000SS:i.n^ fox the

l);i^haritr. xatlax eonsa.sts of ciatrt co.l.l,^tt:i.t^rt ^tncl xeclttct^.on ro atitoc.aa^a^cla:r.a,crn

•t'ttt^4t^i.tlns :i;n anal. ><:i,n ► e.	 '1'he:t^^,^ tlxo Ft^trx ci:i.st:ialct' ll.r.aecsst^s wha.c^h octettx^ :i.n

a^ea^^. G:1.111t^	 :i.n^tut, Cohclxent :i.nt^^a^a:1K7. gn, 4oa'xolat4:i.Citl tl.nti i1Vea`sl^;l,lll 	 'I'hcsc

:l'oua; tasl:5 ,l.xe :,nt:Qa^.la,c.ec1 h^f the soCttvaxe :ln sash a waj r t'.1in:C the ].tCtox thxr'e

ttx.t,^ :i.ntc:r.x-ulrC^d wh^ncv^x thz^ ,tnll.o^ to ti:i.^^,tmrtl. eonvext'ea^ 7.s salnlll.^.ng.	 'i`ha

ehtla^a^.t,cx:i.st:a.es t7:f tho datcl. Rio:l.l,et;t;i.orl ilrQec^ss axe cl:i srtlssc^l Ile;logy.

"Che ^i,'l.t:i.>Kticic a'e^;;i.ott o^ :i,nh.o^^esC xax the coherent-sC7:t:tac'x ca.pexa.ment y icy

Ca`tllll 4Q t0 JQ l:nl, C)x.' l .i^ k111 :i,nCez7 r aJ .	 `l'he a,i.L,t:Utic a,nt^a'v'al, C1 C`t<C`1111:1.11C'fi the

ntutillex^ t^f Sami^l:i^fi :i:n >;ho :t'al.l,csw:ink mallncx; the ci:i.stanc.c •i;tl a. scattexea^ ;i.s

ciett^aaita•tll'^i tl)^ moasttx:i.nl; rho t:i.me t<l:kctt by Chc xatitx l^ttlse tt^ Lravcl to the

scattexcx anti x^ttlxn. ^trc itas
^	 ^^?	 ,

A	 (`. C^^

.®
^rz^	 .^. ,	 ,....^.. , ....	 :,.	 ., .	 _
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wllexe R ;i.5 tibho xnnl;e, c^ the sreect a,^ l:i,^ht nntt ^ the t;^mc ,£ar thcz wive Co

txive^. ir}7 and bnel^.	 A t:i:rnr c1i,F,^exenre a.f A`h p ^,, - ^, ix^twoen snnt17le Crtll,se;a
L

:►^esir^.ts ;i,1t n xnnbo xc5a:l.utian Ali given l7y

^r^ ^	 ^ ^	 .1	 ^^ . ^^

'1'hr ].U^-lisec atrrivoxs:i,on r,:i,me at' the .^tinlo^-ta- cliF:i.t;t:l convex•tiwex r..hcxefaxe

c^aa'xe;;t^atuls to ^^ ^-nnge xosolistion o,f' '.1 ,.5 km tlttcl :?(? saml?aes t► xe >;equa,rozl to

covex the 30 l: ►n xe^:i an a f a;rttct a^CSC .

`i'hc cosine ,lncl s,irte chunttels o.^ the phtl5e cictc^.tty,r nxe s^un17'Leti ^1n n:l,tex-

n1to ^^ncinx^ pll;lscs a^equixini; n. pnx.x o^ pu;lses to ohtila:rt n cantl7:lc^ stunll;l.o ilt

each o^= t:ha ^U hea.ltlts.	 lti'ith the pu;l.sci repetition ^'xegtrency cr,^ the r.ricitir. nt

r1UU 11^ l Txrl,so ptl:i,x Y^ g g l:lx.r,es 5 ►nsec.	 "I'tNenty-live. suoh paixs p ,£ i^itlses :f.•a],1.

^n inanrt bull^er ,lfGex 1/$ sec^and. T11e^ ^nptat ^.s clolih^,e-t^lrllcta^ezi so that dater

c,ollec:tion c;ln cont:i;nue on ,in a:ntexxupt basis while pxocessin^ occl:rxs.

'1'1:c o.ahe;t•cnt- intc^xat :i.o ►t pxt7ooss 1cicls the c.c7xr,esl^oncix.tt^ canrl7^.e^ '^rnitrr_.s

Cllr etic;ll llei^ht xuciucing the twenty-la.rre Gontl^].e^ ,r}nsitplC sets tb a s y,ngl.t^ set

q f- twenty ^attiple^r Vt ► J.ucs. IJote th,^t the twenty-F:i,ve nclda.t:iGns c,.ul ncici tto

moxe thn11 f:i.ve t7x.ts to the tort-1.7:it w^7,rcls f?a'am the nr-tlog-to-d:i.ga.tal convextex

so 'that ;fa,lt:cerl-1>;i,t woaYis ;1.xe pxocilrcoci.	 Si.nl;;l.o-l^a^eca.sian icicla.t:i,an wlla.c,h

sa.^^es proCC5s oa' ta.mc :ls thexefoxc 17oss:i,U:lo on the 1$-tl;i,t I^l1f^-].5. `I'hc pxocess

off' cohexcrlt 9.nt:el;xtw,C:i.on ;i,s a.t,:lustrati eci in P7.fiva^c 2.b.

'1`he^ data. lxom tt1C` mast xrcecit 1,/^- sec.ontl c.ohexcnt i;n.t.c^rntion intervrl:l

a.s co:z-xe:l.<it;eci witll clLtl lxonr Clio pxev:i.a'^ss a.nte:l^Va;l,s. 	 c;ons:i,ciex ^^ stack aF

cin.t^^. sets, e.rch set contnini.rt^ twenty ca}lexCrlt^.ai :i;ntegr.nted eomp:l.e^ samples.

^ftex o.nch ^/$-second pex:i,od t'he l.l.test set of strmpl.es a.s pushed onto the

top of the stcset: a,nto the ^axeson.t t:i.me slot wha.:i.c the ol.ciest cla.t;t il:s,'C,' 1+w7st

;it the 1.lottom of the stri,ck. "I'11us the complete compY.e^ a11tOCOxa.` C,1nt:1.Q11 ,f:'ur.

al.l lags nitcl ,f.°°ax each of file twenty he;i.^hts anust be comi^].eteci dur,:,nk the

1/F^secanci cohexoslt intega^nt;i,ort tame. The specel of tlir Pi)I'-],5 1J.lows rl

multa,l^:i.it-int.i^.t:i:l^:i.t cotnl yle^ autocna^xo.lat:i.on to tao l^ex.foxtnoci otiC to :.ag 1?, oz^

to ,1.5 SCl`,(711C15.	 `l'ilG OUtj)lrt Of: t i1C GQlAp1e\ a.l1tQG^.7a'rclnt:r.on lUi1C.t:10711 ^.S a,

a'Cisl Via.11e il^ .l.at;' .^" (.a.'Q 1 illltl a'oa1 aT1^l ;1 tk1i;7,ilA:[V Vn.11105 fo^ ;l il i;s 1 t`O .1.%..

'CwCl1t'r - 1'i:^ro nllanl^ca^s nxe thus 177•o^lueoci fox oacll c^(` Che twcrtr^r 11e:i,^hi<s cvel~^W :1/:i

scconil.	 '1"he ^lrr^rtl. ,, ► ag o noty clo^itale-•].on^th wox•ds n.s a xes>_ilt off` mu1>~:i.^171,^.o^at:i,axt

cl^tx:i;tti;' autcacoxxcla:tion.

`i'he autocox:a-e't^it:i.on :flrnct:i,ons axe then comrexterl t:o f:l.o^► r,h:1:i1; po :i:n't r ► ncl

^.
if
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are averabed for one minute by adding. Four of the one-m;note arrays formed.

ley averaging are stacker! to produce an output buffer which becomes a single

record on disk.. 'fhreb records form a file, and ten files fill the disk.

There are three disks available so that after six hours thQ data.. collectl.on

terminates and the averaged autocorrelation functions are either processed or

stored on DLCtape for latex processing. Data-collRCtion programs are listed.

^.n Appendix III.

2.a..3 Poa^ pr^aes8vn,p and data transfer. iJpon completion of data col-

lection the correlation functions stored on DECtape or disk are processed

to obtain useful scientific information, At the present time values for the

returned echo power and the velocity of the scattering region are calculated

at each sample heigl ►t for every minute. The output of these programs '.^s to

paper tape so that data. may be transferred. to the HP-9830 for plotting.

The power and velocity are calculated from the autocorrelation function

as desci°ibed previously. The logarithm of the purees i s punched ante paper

tape to increase the dynamic range of the data which can be transferred. The

velocity program tests the autocorretation function fox noise characteristics

by compar^,ng the amplitude of the autocorrelatiUn at lags 1 through 3 to the

real part of the autocoxrela:tiort at lag 0. If at a given. lag the ratio is

too small. then that lag is nor used in the velocity calculation. If .a 11

three lags fail the test a value o£ zero is punched onto the velocity tape

as a signal. to the plotter software that n.o velocity was calculated rrt that

poa.nt. The post-.,processing programs are listed in Appendix I^.

?.a.a PZo^Gtex sof^t^ar^e. The plotting of data fx pm the coherent-.scatter

radar involves two stages; (1) transfer of data from gaper tape to cassette

tape, and (2) plotting of data from the cassette tapes. To store the dat.z

o?t cassette a. paper tape containing two hours of power or velocity data are

read into the HP-9830. Additional information which identifl.es the data a.xe

typed into the 9830. A cassette file is then formed from the data and iden-

L• ifying information. The use of cassette storage allows multiple use of the

data. file without the necessity of rereading. the paper tape.

Three types of plots are made for each data. set of two-hoax duration.

The velocity plot is one of velocity vs time at a glen°lt altitude. When the

data exceeds an operator-controlled limit value or when the value zero occurs

the data point is not plotted. Recall that zero was the signal value genes-

ateci by the {'DP-IS to indicate that no velocity value was calculated because

-- ^	 .. ^........<_ _, III
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o£ the noise properties o£ the autoa^r.rclntagn ,functa.on. '1'wg types g £ powex

plots are pxgduced, the £a.xst being pgwox ^$ altitude at a given tame gr

power profiles. The powex pro,£iles sho ►v the variation in altitude o.£ the

scattered power but^the temporal. variation is host observed on the second

plot, the power 'vs tame at a given altitude. C3oth power plots employ a

hiding routing to improve the readability by .preventing crossings of the

txaces. St►arp increases in the powex level which last £or ono minute are

almost ex,clusavely duo to meteor echoes. These bursts o£ power fond to hide

the scattered power values on the power profiles. A limit routine which

claps one .minute spikes to an operator controlled. value helps manimx.ze the

meteor contaminaCagn o £ the powor profile. l;xamplfrs of these plots are shown

t^elow in Chapter 3. 'The plotting routines aro given in Append ax V.
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3. ML'SOSP}iERIC COFtERENT-SCATTER OBSERVATIQNS AT URBANA

3.1 ^baez^vation Yro^ram and .Iritxoduotor^ Ret»axka

The Urbana coherent-scatter radar was first operational on a day-to-day

basis in April, 1978. Extensive data collection occurred in that month often

on a sunrise to sunset basis, The collection of data continues at present so

that a data base can be accumulated, A,s of January, 1979 242 hours of cohor-

ent-scatter data from the mesosphere has been collected on 34 days.

The figures shown in the sections which follow are not above average in

the 3,r measurement qua;l,ity. No smoothing is employed to obtain what appear to

be continuous curves: rather the time resolution of the system, one minute

as mentioned earlier, is sufficient to yield the plot quality obtained, The

figures, however, are chosen to illustrate in a concise manner features of

the observed data. Oata from Urbana of a similar nature has been shown in

N^iZZer et aZ. [1978] .

3.2 EG'(t0 Po^,aer Dada

Power G^iata from April 21, 1978 is shown in Figure 3.1. The presentation

in this figure has been referred to earlier as power vs altitude at .^ fixed

time, or powex profiles, The areas of no returned signal powex, generally

below 6G km but not limited to this region, appear as essentially flat,

evenly spaced lines, The bumps in the profile therefore exhibit power levels

above the noise, In Figure 3.1 the power from the scattering legions is

roughly 3 to ^ d6 above the noise with the possible exception of the scst-

tering region at 87 km at the end. of the two-hour period. Activity such as

is shown would be considered characteristic of a quiet day.

Note further the nature of the scattering regions during the two-hour

period. A region centered. at 69 km is steady fox the entire period. A

second layer, near 73.5 km seems to drift slowly downward perhaps merging

with the layer below by 1030 CST. Finally, a third distinct echoing 1a.yer

appears at 79.5 km near 940 CST. The scattering regions in Figure 3.1 are

well defined, change slowly or not at all an altitude, and can appear and

disappear ab niptly.

A more active day, April 11, 1978 is shown in Figure 3.2. The echo

power is often lG df3 above the noise at altitudes above 69 km and scattered.

l;owe;^r is observed even at tho lowest altitudes. The scattering' regions

appear more mobile particularly at the lower altittdes, Furthermore, it is

not clear when the lowest layer near 63 km has disappeared. At 9l5 CST t}ie
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la)Yox laragir`is to merge wit}i t1t^ lnyar abova nt 7? ktn but at 930 CST bxi^

r.arippcaxs :^s t^ vary wank scatterex only to }ac gone a.gn^n }ay J^1S CST. '

}t.i,lh sca^texe^} laowex vatues olatained in ra.gl,re 3.2 are clue to a solax

wtla.ch aecuxrecl shoxtly befox^c the data. set shown, at 740 CST,

Ni unusual. aacample of vaxiabil^.ty is shown in ra.g^Yxe 3.^ from Mtuy 1.8,

:1978. Note tl^e slightly hieiter al^w'tude of tha plot exposing the xeg^x.on

ataove 87 hm alluded to in tho pxevious exampl:os. 'Cho highost region exh:^}nits

wide changes in scattered power. 1~urthexmore, a lr^wex power region dixectly

laclow, rlt $^ Q 5 km, seems to incxease in power out o£ phase w^,t}t the xegion

above. `Cite lawex scattexinp, l.ayexs, :near 72 km, do not show the degree of

c
y

ha
^

nge
y^y

Af theh
^

.a.l;hox a.lta,tude layexs.

'I'}tc wave nature of. ionosphexic dynamics is obsexved in Figures 3.A and.

3,5. T}ie ve,loca.tics shown }iexe cnxrespond to the power plots of Figu^.'es 3.1

a^,r ^,^ xrcpr.r_.tv^ly. V^loc.ty cltitt^ for Aprtil. 21, '197.8, l^aeure 3,4, indicates

low amplitude oscillatoxy behaviox particularly at 930 CS7'. Comparing the

vclocit<i.es wa.th tine ^^ower data. in rifiuxe 3.1 one observes tha..t when the xe-

t^t;rned powex :is }tigh t}ie velociity ctrx^tres axe continuous. Dore precisely, a.f

the aaltocorxclation function. is very nol.sy due to l.ow xeturned signal rower,

then the vclacx.ty abtainecl fxom t}ie autocorrelation function is not plotted.

Cenexally the one-mitt.rte time resolution is adequate to pxoduce sr^ ►ooth veloc-

ity curves. When hig}p er frequency waves a.xe pxusent w.th high r.elatxve a.nt-

plitude ltowevax, the rough velocity curv y observed. at 87 krt^ is obtained.

Note also that the mean value of the velocity fax the two-hoax pexiod is

negata.ve, paxticulaxly at lowex altitudes. The non-zero i^a.lue of flee mean

indicates ti horizontal component of velocity corresponclittg to the o:1=f-vextical

pointing direction of tho radar.

l.ligher, amplitude velocities are obsexved in Figure 3.5. Again waves

are readily obsexved, wit}i an eight-minute peri©d wave the pxedominant com-

laonent. T.t should be noted that fox the two examples given, the highex

amplitude velocities coxxespond to the day with C;reater overall scattered

power.. renexa.11y t}^e moxe active clays tcnci to pxod^ace hig}1ex velocities;

however a few counter examples have been observed. Fiou;~- to -hou7^ vaxiata.ons

i.n the scattered power do not appear. to affect the nature of velocities

obtained tautr.athex the continuity of the plot as expaa.ined above.

k_ "st
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Art aci^i^,tl,artril _t'ar► tlll^a ^^ cha va;l,ac:ity darn ;i,s ^l1t.tKtxrrt~ad kay n p,l^t;

^ =̂^'^7rT1 11^axt^;l 1.3r 1178 1 l^lfill^p 3.(i.	 isatttpnx^uC^.va1y I1^,^}1 v^l,oc^t^as nxtz ota^c^^^v^d

tlixatr^laa^it t^la tW"A+- ► 1ol ► x pariad w^.t}1 axrt ln(alas ca£ ,^taV q'rnl fr,n^S(uer^a3,t^s ^:^ Wt1vOS

c^pjatrxerlt, 17.E g pcscln_L ^,rlfr g rgst fir ► this fl.^;ura ;fs t11q 4v;^dgnoa s•'ox^ v^xtl,cal

strrr^di,r1^; wnvas. Cansl.d g r 1;107 C`t' and gxam^.11 q tha velac^,C^r as n furic^ra:fYor1 of

rtltti^.tt.tda, `t'hq vc;loc^.>rty° ^hr^ngas S181^ nt tt11.s t;3,1n4 lag twaan: 8l and 79,5 ant rncl

a^a.'t1 ^^ ^9 knt. Tha sitria ^aollnV^.^ar. l g ^'c^aelJ.ly obsaxvad at 1;150 rtnd 1214 (;S`I',

5lmi,lrtr av3,denca fox vcrx:iortl pxopn^at:ora ^^ ^rav^;iwy waves oaGuz•s 1,n ^^ ?tax

c[
7̂ rr;

A

^^ (F;̂

j/

c^^
^

s
^}+

.
yy --yy .^ t y yp pp^^	 aatt r^ jj .. pp ++^̂ ^̂jj 	 /y

^) p't	 L<A:^^LJi'['46 C^ 4^t?tMU b,^ ^P Y li ^r,V kyd"k^ ^CX}/

1'ttc da:x4t sets disiussad ataova axe two^hcaur, sq ^mants whici^ ^,1lustxrttta

:l,nl(acat'C;i11t as(aect,5 of tltta otas gxvat^,atts.	 ^14Y pltysicrtl px^ocossas W}t:Lch oc ctt

ut 1o11 ^ex paxi,ods ha 4Javex' ^Ot{u ^.ra tha stet, ►cly of otasarv.ata.ons ta'kon thxatt^lloUt

tl^^ d ►y, Irox Gh^.s ptt^rpas q 'ta11a compl g ta sat o£ gbsoxvat;iarts .tox A11y 2^1, 1978

: "x: aha::^t ,i,r'^ 	 ^^kt;^^ u v 7 ^a iY ^.Fi l^'^	 , 2'i..	 7'}lU j7 1o^s u'rC a.n thz^aa ^;l'9U^a r^'

1 ^ t11a powax pra.£a,l gs, 2. thq plots of power vs t^.mq ttt ;f.• ^,xad alt:ituda, ;► ricl

3, the vel.ot~:tty plots . '}11a clam ^.s cont^.11ttcaus front 812 (,S'I' tca 1.1120 CST save

fox A. SaVgrt-ntinUta txallstnxttex ftr^.lu1^^ at 8^^ (;Sfi artd eight it1^.rllttes a.t 1.1;1,2

CS"C x gc(tll.xad to dump rho data onto tape.

Cotttpaxa.son of i:^.^t ► xq s ?^.7 and 3.12, tlto two "pawax plots bc^;^a.nna.n^ at

$J.2 GST, sitaws thq nk1nrl g r ^,^n wh3.c}t tha pawer }Slots ctatn(^lent gnt aar:h othC.

T}te power profl.l.es ^,n T'1.^ua:e 3.7 at J00 (SST a'nct 87 km axa haclacn so that

one .most trsc Fa.^ur.•e 3.1,2 to ei g te,rmi;na how qua.ckly tlta power, Leval, decrgasad,

xn adcl:itl,on, the softwnra 1.:i.lnl.t:i.ng routa.ne apparen>; at 92S CST a.n }^a.t;riz^e X3.7

xs set ^o n low value sa that t110 nk1^x^.ntum readability of t'he potvaz prof,i.l.es

is oUtaina^lo '111e same l,;i.ntting routine is a.vaa,l,atale on ttte power vs ta.ntc

at ,f':.acod altit•Ude plots ?gut is ^enox111y not antployad so that tho full, valt.te

o f one^-minttte peaks appcax as ^,n }^igt ► ra 3. "12 o i'rom thta second. pJ:ot ogre can

jLtiio :i,f data }rave tSeart cla.piaod and ^,£ so the l,a.mit va.ltte is chrtrt(;eti ttnd a stew

plot otatainad,

'}'fte data.. ^^rorn play ZA t 1978 shave an zctivq day. 'J'}ta valocitias a.xc ha.811

ii1 amplittade and show many different fxec(uanciGS, soma wa.ttl }^ez•iocls as l:ari^

as twonty minutes. ('r.om 131.5 to 1415 CS`1' evirJence tat vexticrr.l pxapafia,tiart.

can laa olaSex^v`ed as wave ca^ests occur, at pxoBxPssively 1at.ex times for diffgx-

ant 1ltitudas. Finally, consider the sca.ttexirlg re,^ion laetrw gen 8^1 and 9^1 ktna

..
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A. SUf^NARY AND SUGGCSTTONS FOR FUTURE RE5EARGH

4 ,1 Swrcnary

The principal conclusions of this study are swnmArized below.

(1) 1'}re Urbana coherent-scatter radar has been synthesized £torn the

meteor radar ^y modification of the radar. dixeetor and other matoor-rada^^

components. A flat dipole array is used in conjunction with. a Q-MIV tran5-

m,ittex opuxata.r^g at 40. rJ2 }vWt acrd a recei r̂ing system. connected to a minicom-

puter to obtain echo power and velocity measurements.

^2) T}^e sensitivity of the Urbana radar allows data. collection thxough-

o^it the mesosphere on vixtua.11y ali days. A time resolution of one minute is

obtained which produces continuous plats of velocity without smoothing.

(3) The 242 hours of data collected frem the mesosphere show the varia.-

bili,ty of scattering. Qoth active acrd quiet. days axe observed wit} echo

power exhibiting a don ^ni^ range of 2a da. Gravity waves axi; observed with.

evidence for vertical standing waves.

4.2 Sugg'EB^tZO.no for Futwtre ResearClz

Q.2.1 .improved ,rcm^e resolui;ion. Tlie trirUulent layers whic^ a.re xe-

sponsible for coherent scatter have a vertical separation on the order of

sevexa.l kilometers, but a thickness on the oxder of tens to hundreds of

meters as shown by Rrs^ogi ^^ Hotv^^ZZ [197cib] . Tt is tliexefoxe desiraGle to

obtain a tango resolution of one kilometer or less so that the scattering

regions can be studied separately. Detailed study of the vertical structure

of the velocity field will also require improved height resolutiono

Tlie rangy resolution of a pulsed xada.r^ i.s limited by the pulse width and

the associated receiver bandwidth. Decreasing the pulse widt}, improves the

range resolution: but if the pulse repetition frequency is not also adjusted.

t}ien the average transmitted power will decrease. thereby reducing system sen-

sitivity. Coding the radar pulse allows the transmitter to be rani at maximum

average power with a long pulse while obtaining the range resolution corre-

sponding to a. fraction of the pulse width. The phase of the transmitter is

varied during the pulse according to a code word.. °}'he minimum time between

phase shifts detarm9.nes the range resolution. The returned. signal is decoded.

by caxzelation of the returned signal wztli the transmitted code.

Tmplententation of coding at Urbana wii.l require several modifications to

the system h axdwaxe. First, a radar director capable of producing Lhe coded.
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low level Rr for the transmitter must be constructed. The radar. direc'tror

wou^.cl ^1so control the decoding process. Second, the 9:ncreased range xesolu-

tion will require nbre altitude sainpling bind to cover the entire mesosphere.

71^e data rate will exceccl the 1/U capabxli,ty of the FDP-15 and the present

A/D. Furthermore, the CI^U time required far decoding will not Uc available

if more sample heights axe used. A decoder-preprocessor ex..ternal to the

P11R-15 and unc}ex direct control of the xadar director could decode the ;in-

coming signal and perform coherent integration. The 1'Df'- 15 would than. have

CI'U time available fox contputi.ng the autocoxrela.t^.on £unctions for the

greater numl.'ex of altitudes.

4.2.'? hleasur^err^nt of hori.zontaZ v^Zoeity. A monastatic radar can

measure the velocity of the scatter..ng mediwn along the lane o.f. sight of the

antenna beam. Tf the bean is not strictly vertical then the horizontal com-

ponent of velocitty in the cla.xection of beam tilt can !^e measured. Presently,

the Urbana. radar beam points about 1.5 degrees from the vertical in a gener-

all.y southeasterly direction. Non-zero average values for velocity are there-

fore interpreted a.s horizontal velocity toward the southeast. By .shifting

the pointing direction to due south and again to due east two oxthogonal

horizontal velocity vectors could. be obtained although these velocity values

would. be from different sca.ttexing volumes. In general, any two pointing

directions not along the. same 1i77e from the vertical call be used to obtain.

the oxthogonal velocity components.

The Urbana arxa.y consists o£ three modules along anortheast/southwest

line. As discussed earlier. tha modules axe presently fed iri phase w}iich pro-

duces a pointing dir..ection of roughly 1.5 degrees from the vertical y.n a.

southeasterly direction. Ttie non-vexta.e;al direction of the beam is a direct

result of the };round slope beneath the antenna. By .feeding the modules with

different p}uses the beam would be steered along the northeast/southwest line

and two oxthogonal pointing directions could be obtained.

Q . 2.3 Ac^^i^ina2aZ dla^a ^arocessing. Data collected at the Uxbatia, xadar.

;is routinely processed to obtain plots of. echo power and line-of-sight vCl,oc-

ity. The mintiite-by-minute variation of these parameters is readily observed.

but cornpaxison at .iongex time intervals is nx^xe c}ifficult. Obtaining one

hoax statistics from the data would facilitate long team comparisons and. a.id .

in the study of possible relationships between scattered power and obsexvecl

velocity.

JiC^l ^'	^ _	 __	 . 	 .Ai.^ -al^° ^_M^	 ..w^^i..^	 -	 _	 ^I.[.WNU:.I..lAS..'"fi^
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The utility o£ a one-hour average of velocity datA has been discusseca

above. Tn addition to obtaining the average one would like to have parametexs

which ir►dicate the relative amplitude of the velocity waves and the dominant

wave period. The relative amplitude of the waves from hour-to-hour can be

observed by calculation of the second momenti about the mean, the variance of

the line-of-sight velocity. It is important to subtract the mean here necause

the mean. is assumed to be due to horizontal motion while the short-term vet-

ocity variation is the vertical component. The standard deviation, the square

root of the variance, therefore provides a root-mean-square estimate of the

wave amplitude. A parameter related to the dominant wave. period may be ca.l-

culated in either the frequency or time domain by calculating the Fourier

transform. or the autocorrelation function respectively.

One hour statistics for the scattered power serve primarily to relate

the power data to the velocity information. A single power profile summa-

rizing an hour of data would. there £ore be adequate b rut should not be obtained

by averaging. Ot^servations of scattered power at Urbana, as illustrated

earlier, show short bursts of high returned power which are primarily due to

meteor echoes. An average of the power data would thus be affected by the

returns due to meteors. Calculation of a median value of. power, however,

would xeduce the effect of short duration, high power returns and produce the

desired characteristic power profile.

..,,.
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APPf;NfJIX I RECCZVING SYSTEh} l3LANKGR

The Urbana radar is a monostatic system and therefore requires a means

of isolating the transmitter and receiver, The protection system consists

o£ the high-power T/R switch and'"the low-power $linker illustrated below,

During the transmit pulse the T/It Switch limits the amplitude o£ RF on the

receiver system input to roughly 60 volts across 50 ohrns. The protection

afforded by the blanker is there £ore necessary to prevent damage to the

receiving system which follows, The blanker/preamplifier unit is shown in

Figure. A1.1,. Schematic diagrams £or the drive circuitry and £ox the blanker

itself are given in Figuxes A1.2 and A1.3 respectively.

3

^	 _^ _	 ..	
_	 _	

z ,,. .

	

...x
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4RIGtN^^
C^ pb,OR ^` E `^^

Figure A1.1 Blanker/preamplifier unit. The blanker is contained
in the hox at the upper right and controlled by the
circuit at the lower right. A commercial preamplifier
:+ppears in the upper left of the figure.
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A1'1'E:NDT X i1t , RADAR. UIRGCTgR TT[^IING TNFOlth1A7'ION

'Tlte circuitry ompioyed in the xr+dar director is shown in I^^sn and' GeZZex^

[1^7f ^ . Ilt^wever the opernti^n ^ ► ,£ the ruder e}l.rQCt^r was not desGr.ibed 3,n

that work. '171e def"^,nitians and taming diagram. below expl,aan the function t^l'

the varaot:^s controls and the resultant pulse trtians.

t3AS[G TI(^1C, Pl'sRIOD: Tho °pexi^ci of the mAin time base tlxaving the .radar direc-

tor,. A 1^-A4iz clock is ctivacled clown to 1Q(l kllz to P>coduce a l0 }isoc h^sac

tamp pr^•aod.

i'RF WORD: A tliu ►nbwheel switch which determines the number of basic time

peraocls between 'the leading edges of consecutive PRF pulses. 77ie PRF

word switch :is sot to 250 ;for tlio scatter racier producing a ^UQ IIz

pulse repeta.taon :froquency.

RANGE WORn: A thumbwheel switch. which determines the number of basic tame

per3,ods- botwcon the leading eslgc of t}i<e PP^F pulse and the. following

Range pulse. The range word should always be less than the FRF word.

'1'I^c r. ante wor, cl is set 24J fox the scatter xadar which results in a.

Range pulse beginning 1^1 }asec before the PRF pulse.

START/ STOP : A thuntl^wl`< eel swatch. which determines the number of sample pulses

and. when. with respect to the PRF pulse they occur. The ^} swatchc ; s on the

left determine the start time, those on the right the stop tame. The

difference between the stop and start settings is t}te number o£ sample

pulses. T}ie :first sample pulse occurs at Start +1 basic tame periods

a.ftcr the leading edge of the PRF pulse. Start should be loss than Stop.

Settings genexally are ^}G and 60 £or. the coherent-scatter radar.

PULSE WzDTIi; A set o^ toggle switches which determines the length o:f both

the PRF and Range pulses. The pulse length. is the number of basic time

periods corresponding to toggle switches in the up posi.taon. The LSB

as Located ax the le£t. A setting of seven or greaCex is usod for the

20 ^^sec transmitter pulse length.

I^RF 1'l1LSC: A posatavC going pulse which drives the transmitter circuitry.

RANGE PIJI^S}: A positive going pttl.se which drives the RF pater, blankex,

and athex equipment.

ECI10 .SAt^1PLl WINDOW (CSW) : A negat:i.ve I;oing pulse txa.an whac}^ droves the

analog to cligi.txi.l converter.. The width. o£ the pulses as that af. the

drav^.ng tame base pulse and the sePa:ration between Pulses is the b,a.sac

tame period.



UtJU"i
MAIN TIME SASE

RANGE PULSE

PRF PULSE	 ^^	 ^^	
__	

ii 

:
^

ESW	
---Z	

I i^ U U ^^^
I	 II
^	 ^	 I	 II
IRAl^OE WORD x BASK TIME PEP,IOD 	 I	 I I

I^	 ^-
^	 ^	 I	 ^
^PRF WORD x 8A31C TIME PERIOD I 	 ^	 I

I
(STj	 ART I)x 9ASIC TIME PERIOflJ	 ^

^	 I

jSTOP x BASIC TIME PERIOD	 I

i

higuro A2.1 Timing diagram ,£or the radar director.

^9

.^`" is
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^^`l^^i!\t^,A,a\ ^^:1	 i^l4.lr^ la^idii i:4tj ^4!`1 ^f^k?tlll^^1`1

`1'tre two [^xogrn ►n^ ho;l,ow, i r SCA7` nn<i !1M axe tturoa y.-G;i,me Collort^.4n

i17'o^^'ert ►)^ t`or the t1;rt^tln^a e<oltexent^,5cattex ^'actax.	 'i'he J^a'o^rn t►► C1^1 ^,^

xeri^ai.rerf icy ^xot;ram s^,xe constra:^nts ;fin irfrr. i^i1n T15,	 'SCAT ^.^ trsccf t^

t?ex.for ►n all the cf ;nt;a ^0'1.^.eeC^on anei to proel^rce ^orrelata.on ftanct^,ons o

;I.? 11^,s ^^ a,ji; .5een^rcl .^ezr o:relr. a.^ ^^ :ra ►np:l,e al.t^,ttacfes nt one-mi.nuto

;^ntt^a^^l^erl z,	 'f'wcs;l,l^e ► ^ ► ^i,nraives o:^ eiratrt .^orrn a ,>?:i^1e artcl tin .fl^,:l,o^ ^^,1,f ^► cl:ts^.

[?enter ool:toet^.on ►n^a^t tae ^.ntaxr.trirtacl afte7^ ^^.x hour:; to omj^ty the ci^.sks

onto t)ICtai^e,	 ifeYor°G rr^ntr^.n^ the (ixo^r.ern the f^.,f;cr uo;I,nt^r rmrst f^c oclitoei

to ^neia.etatc tt^c correct cte ► te,	 7'}rc cel^.t cott ►rnt+nci "i. .SiwX" ^,s u^ecl to ^inei

the ar^rroirra,eatc pxc^^^an ► ^,:i,nes.	 The daeo t►ro thc^ ►r Cher ►rp,acl ;f,n th© ,1p ^,lo rran^u

nncf the ;f=^.1.c extcnsx.on ;^h4wn q tr the 1^:ne that ^ol^:ows ntay nl.so her^ra to

tic a,tr;^.t,,tl..i.ked t^^a.th a new vr► l.t+e,	 'Fre mod^,f^,ecl i►xo^ratn ^,s comp:i.l.cel with

tnc i`ui4,iiir c gm^9.i.cr, anci tiro+rr Cr"• Rirr51`G'^^L^( back onto i)IC;t iJ e. fiire	 -. ^n^^

Slot er: sa,i;nment for l.o:a,cla.n^ anel oxe?cuta,ng the pro^;xetnt^ ^Ls tas >'ol.^.ow,^;

cta,sics 1., ^, anci 3 ax e a.s^;^^rrcel to slots 5, G, anti. 7 resi^oct^,voay, ar^^

1±ire; irts4:tai^e tan^.t eontera.nan^ fire rSC'A'I' anel [)M l^a,na^^y f;i,los :i.s ass^al;neti ^o
slot ..^f .	 i1^,sks 1, 2, anel ^ shottJ,cf fie trral.l,ec1 be:Coxc ;loacl,i..Trfi anti ox4cut^,on

I>o^a,n

C}Pi fro gr. a.m.

.GL^f3L t;M
^M	 . ^iLt^CK 7^4z

rrl ^^

!^'
	

r^	
,.^., . ,, ^. ^,.. ^.	 ., ^	 ...^^... ^ ^....	 . ___.._...

	

.....r	 ^ _	 ..	 — - - "r'---'—_ —	 -
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f^SCAT pxogram

. Gl,0.E3L MA I N. CM.. D/^..1^A

. I C1DCV 56.7
SHAL^fi^^1^410
CC^C^N^ /0®^l^g
C^YOF^%Tdv1P^0^+
.MAIN	 D7_M	 SE^+^

LAC:	 t;M	 /S1s7 ACSDRESS IN WRITE: ST ►,t°r

DAC	 801J`I'*^
pAC	 WA'CEw+^
TAI?	 (%ba0	 /NCtINT 70 SFD• ADDRESS
DAC Sf.'DAI)M
r ^c
DAC WDAD^I /AND SWITCH ADDRESS
.LN^^R ^.F1Ltr

C^.C7t;K .^C IME R z00, ApERR^7
.T:IMER Qf^SYNC,6
.IDLE,

PAUS ^ /EN`1'E^Y
.CLOSE
1. A^: S En
JMS .FAA
rSZ EXT

G00 . ENTER 5. h^ ILE
C;LON

.7TME::i2 0, t;YNC^ b

. F^ L X I'I' PAtI^

eYNC 0 /RC5'I'ART ENTt2Y
I.,A,. ^EWC)
sr^n^ ct^t.
I AC /FAKE	 E''1' FOR F I R5T	 F?ECORU
LMO
C;l„A

DIV
3 /DIVIDE BY	 ^3
S`I,A /TEST RE:MAINUER
JMP	 LEF^`C

L	 .CLOST^ 5
ISZ	 EX7
l,./1C	 .^E^t^	 /PEST `I'0 c;Nn,NCE` DtsKs

61

^•,^
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FSCA1' pr.ogxam (cont.^

SAD	 (36 /FIRST OI5K FULL?
JMP	 CLOP
SA,D	 (74 /SECQND DISK FULL?

J^tP	 CLOP
SAU	 (i 3z /ALI_ UISKS FULL?
.JMP	 C LC10

^a .ENTE3 R	 5.FILC
LEFT JMS ADCSET

JMf'	 . +3
.DSA QNE /CANE	 AMPLE
.DSA RETURN
.[,DLE

SAMP 0
QNE I

TIlNERR ^
N 1 75^^ /I C^^U( Icy )	 INPUT	 DUFFER	 SIZE
^i C'Q P PJ
F^[<TURN RETl1FtN+7t^a^W i

^ /ENTRY	 (LEVEL 7 )
LAC	 E3UFF1
AND (74fl©0© /IGNORE DATA
SZA /CH AN 0 NEXT?
JMR	 IN
LAW	 --24Q
S7.A! IAC
JMP	 .—I
,JMS	 ADCSCT /TRY AGAIN
JMP	 .+3

.DSA	 ONE

. DSX	 RE'T'URN
JMP	 OFF

IN LAC	 (ACFiz
TCA
TA(^	 CM /GET RELATLVE DISPLACE'dENT
pAC	 0 UTX R.4^ /TD OUTPUT ARRAY
LAC.	 LOI M
I,Ai;	 f MPT# /RESET I NTE i1MCD T ATE ARRAY
LAW	 —740
DAC	 M740# /480 SAMPLES PER MIN
LAW	 —4
DAC	 MINT# /4 MIN PER OUTB iIFF
DAC	 STOP /CONTINUE DATA COLLECTIf)N
LAW —z40
SPA! IAC=	 /WASTE 25^JU3
JM'P . -- i

JMa ^1DCSET	 /RESTART ADC DATA TAK i.NG
JMP .+3
.DSA N
.DSA PRADD	 /ADDRESS (]F COHERENT INTEGRATION kDUTINE

/ Z ER!7 INTERMEDIATE ARRAY

LqW	 —740
PAX

..	 _.	 ,^,.	 _.^.__,__ z^_ _ ,.__	 -L.,_ ..,.^^
re,t5^.^, .	 <.,.....__	 ..	 ,_	 r



I^SGA7' Itr p^" t► m ,̂ cont .

G I^L. ►t
f^^Afi	 1`MAf^R+740.X
AXE	 I
.JMA	 .-7

1 PLAY IT SA^'F'—ZCRP^ S^1'UP ACC I z. Ct MEANS

SAC	 PCI^R
C)AC^	 RCI^R
17AC	 ICLN
l.AG	 (JM^	 MNS`I"R
nAC	 MXtC,R
i^AC	 MY^^C^R

G^(^`I^	 .RI,X C l"	 RE`l."lJt'7N^^-f
C;.C] p 	CSZ	 S	 ,^TNc:17I:^tirN°l` C?AT SLOT

C ^Z	 C_
T^^	 Wn1"
X ^^	 E'AUS^ f
]' SL	 G^)fJ
j^T	 ^C°I<C^	 /ALSO rOR T^; ► ^.^CNA`.I."Tf^^J aUE 'C(^ 1^13i;C]¢?
rs^	 f^CiUT	 naRl`Tl CAN NfX °r aC^K

,1 M I'>
ClwC7(^	 .r3 Lt7;^L•;	 7	 /ALL OCSKS ^^IIL.I. OU[`J"

.EKI'.["
i^C;AC^[^	 c(af^CNI'^^^f^t^t^^r'^QJ
ACJ^:C^k	 ^i	 !AI^C C"A CI.URF (C;LI^Cf; FXl^ l° RE 375

LAW	 r^'7`1^► 	 /ISSUE3 TERMNAI:^ E^RE:^IR
r^?AC	 I^RC:C7[^!a
LA,^C	 ACaf17R
I^AC	 C^ C2A {^G
LAC *	 (P G^?

C Sal	 /f'CIO'1'1xG'1' Trll.; MON C'('fll^
.1 MS	 I`'AC^C^^f^lR
ash

RLX l"i:	 Af^f(?I.
. C)[^" I: N	 . I NT ^t
LAC	 ►`3 U ^ FT I , X +^ M
l..l ,<i	 I ir+
I,I^s `i 	 1 t
TACK	 I^f)1 . X

C)AC	 CAD I . X
.ENDM

LAC	 r:t ti^^^la
^^NA

1.^1	 CCIf°i`I NT

f)AC	 E E'?A RG
L,1W	 5?7^
I^+itJ	 lil?CfIC7^'
I.,A;".^	 t7^2
( a ^1

^):^



^:}

i^S(;A'I' pxogrtin; (r.oait. J

,^ ►^.^	 I^^rarrl^ ^
I)t^K;
Jtitf 7 	t^t1l'I'

1"I^"I 1. AC	 t3 P ^ 1..^

"c; A
f' AX
nAt;	 ^ ^
t^Af^,

I; N `('

C N C`	 `"a ^^

. r N^r	 I	 ^,

. r N=C	 I `rui
r' N"C	 z 4li ^

.	 1' N 1'	 .^ I	 t

. l' N 1'	 3 6N

.	 N'I'	 =roc•)

.Ir^^'	 ;^^^^

. I N [.'	 '^^ a?1

. "C N T	 fi z C4) '

.^ l' IV 1°	 r)7 ^^

. I N C	 i c^ ► ^^

. i. N`I`	 I {^6v

I rJT	 l i 3{
.	 riVT	 I zG^t)
.	 C IJ"r'	 17 ^ ^)

,,

. I ►JT	 I ^r+v)

..^ NT	 I !^ I ^i

.	 C I^('C	 (^"^ ^ ^^
I rV'C	 i C^ 4^ v^

. INT	 17^ c^

i (^ A '
t`1'^ra	 (^r /{.d NV ^f^'I'	 I'CI	 I % ^ 	 CrJ h^

l^AC	 PU! , X

AXE	 I
,1Mf^	 f3f°G [N1' 1

NIJW f CafiM	 At,f°t^ i

/ TkSi" IF	 A1LNl1Tf	 tr{lMPly^'Cf
^	 M 7 ^^t'1 i

JMr^	 ^^U:r`C

/ NSW MIN	 k>'^"tl^2i	 WITH NfXi:	 I^l)i'NT

^. A^	 _''^ it {r:^

(^A(^	 "{74t^ /EZE_5r'1	 M i NU°CF	 (;I')UN'TF f?

i)Ac.:	 C'C^,r2 /^f^T	 Uf a 	T(]	 CLE:Af^

C?A^;	 l2r^l,r, IN^XT	 A^1=	 r r^

___,

CJA{^	 ^{;l_I2 ^tJU^CPU`I"	 f^Uk= l^f^r2

..^..	 J .. -	 ....^_.,.	 . x _-
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FSCAT hro^x^rm tcont.)

,1^1:i 1►^NSUB 3SUf3TRACT DC AND CLEAR
LAC pUTXR /POfNT TCl NEXT AGF

`TAD N
CAC rDUTXR
LAC f,1MS bINSTR
DAC MXCLR
DAC MYCLR

I SZ M IN7'
^it^P QUIT

^UUTPUT k3l1FFr;R FULIa
D7.M ST[)f^ /NC.I MC1RE	 DATA	 PL,kASE
De M 5Uk3R /T C,f^C)RE NkXT BUFFC:R
[^l S^0
I,AC SEf^

f?AC* SEOAD
LAS
I^AG* WDAD

f^tlilT . f?>^I^r,W ^^. A^^CA(^ 40Wa, SYNG^ 6
JMP c^l1jT

/WANT TO	 SNTFRRUPT PRacESSI NG. 	 FIRST STOP (;(^,oCl,`.

ci,^^r
WA^'^: .f?E:ALW 5,^1^CM,•#4^m^.^PAUS.@
CUtT LAW —I 3 FREE BUFFER TO q/i)

I,AC f:fJPtFLc
. F?LX rT f:UHINT

F;[LE . SIXFT '2.3MAR'
r^XT . SIXf3'1' ^7EiA'
/ ACF I ^ f NTCGRATES	 PRhS ENT DATA W ITf-I ^ NTE^ ►?MCD1' ATE ARRAY
/	 ANI> F^`lRMS	 DC F.ST1'MATf. F1'NALLY PRESENT UI1'CA	 ARE lNCLUi?ED

/ CN THl I;MARR
ACF12 ^ /ENTRY

LAC f3PFLC
TCA /Fi ND PRESENT DATA.
TAIL IPC^I —I
DAC* f 16 3 USE AUTCI	 ZNC REO	 I d FOR v'S
AAC ?4 /I7	 FOR Y^5
DAC* (1 7
LAC IMP7'

(^AC k f ! 4 /USE	 I ^	 ^;	 ! ^	 FOR	 I!^ARR
I)AC* f 15
TCA
7°A r^ wlc rM
T'(:A 3NEG #	 PI^fNTS	 Af^C1vE	 l'^1ARR pf^(^^iNt"iNU1TY

f)AC C[1hJTR#
I,AW ^^d /tJO	 ^(^ FIETGHTS
DAC C NT fiT#
LAC ©U1'XR
PAX /ACF1 2, X REFERENCES IIUTI^UT AR^^Y

I.C)C1PI^i AAC 6?. /7`.^	 p C3l1I^I..f^S	 PER	 HEiC<3fiT

P Ash.
L.^,C^ I ^ /GF^^ X fT)

.,	 ^a_.^^
..r	 .^

__	 . r	 - --
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r^SCA7' prp gxzrtt (cont, )

Gs^t /AE3;a	 vAL(I ^"	 CC7ldP) sSIGN Ta LINK
aAC XYT^I
DAG XXTp1
nAC PX
LAC (CLL
^Z.l. ! C!,I. TEST StcN
AAA: ,? /STL-CLL*2
^JAC XXT'^SN
XQR (z /Of'Ptl S TTE i IGN	 Fw^Ct	 I (K )
f)AC XYTGfSN /7 (K)^YX+(—X)Y
I.A^ ^x
'^UCyS /CLEA(^ CAE S [GNYGET X**?,

X OJ
F'GLR JMi STQRE /QR JMS	 DADD TQ SUM

LAC* 17 /GEY Y(T)
GSM /ASS S AL(! ^S COMP> sSiGN T(7	 t3 INK
DAC YXTV1

QAC YYTPi
CaAC PY

CrAC (CI^L
szL!CLL /TEST STGN
AAC z /STL=C LL-t-2

DAC YYT^SN
f)AC YXTQ7N
LAC C'Y

MULS /GET Y ^^•^ ^,
I' Y

.7h1S DADA /5UM TO PDWER
AXR 7 iPDTNT T(^	 R(I )

/ Da	 R(K^
L^lC) PT ^XX'1"^^N
XXTC1S;d XX /STL OR CLL,'GFT SIGN CJF X(T)

LACE ! ^ /rC I' 	 Y ( T -^h )
M 11LS

XXTP7 PJ /f^QkM	 Pr?ODl1CT
RCLR JMS 5'A'(7R^: /C7R JMS DA>aD Tn SUM
YY1'^iSN XX /STL IJR CLL;GCT SIGN CJF Y('I')

LAC* I,I /GF:T Y(T+K)
MULS /Pf^'DpUGT(I ^S	 Cf7"^P )

YYT^J PJ
JNfS DADD SAC)[)	 ^('U	 (^)!J'1'PUT	 RCJINT
AXR ^ /PC^iNT TO	 i(K>

1C)f^	 T (K )

YXTV1Srd XX /GC;T S TGN rlC YCT)

LAC* 15 ^E'1'	 X (T^+-t'; )
t~1 UL S / 1	 ^ 5	 ^:' D Id [^	 P R r7'w^ ! J C'T

YXTd PI

ICI.R .1MS ST^)h^^: /CIF	 .1'+IS	 (7A1JC^	 t0	 SUM
XYT^J	 h^ X'^l /GC°T ti^ INUS	 S ?GN CJF X (T)

LAC^^: 1 ^a` /GET	 1` ('I'^-K )
^d!1LS ^I ^S	 C€11^4P	 i'^2	 1	 ^;1,,;r
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^`{

FSCA7' program (cont.)

xYra
JMS DADU %SUM	 'f0	 !^(K)
C5Z CONTI; /r	 P(^CN`CS	 Pl:.:i^	 I.,AC
1:^Z cpN Tl^ /r^.^^{°	 ^=oLrn^vl;^^
JMP DCIWN

LAW — 74Q /FQ1.D 'C'Cl	 R3UTT^M GC^	 IMARk
T"AD •k (15 /RE^E C	 15

DAC* (I 5
DAC* (I 4 /RE.`iC`I'	 I ^^(C)NCF	 PE'!?	 ACI^ 12)

Dr:^W^J AX5 2 /PC)CNf" TCl	 NEXT I_,A°^tTEs r 	ACC	 uo NF

JMP LI7UPT
PXA
CSZ. CNTHT /.PEST LAS`f 1{EIGHT
JMP LL10PH /Lj0	 NfX C	 ^iC	 I'^I fl'

/ ACFS DONEtAL1^lAYS RESET STLR^:	 l"fJ	 DADU
LAC (JMS nADd
DAC PCL{2

DAC HCLR
DAC TCLI?

/ SWORE PRESENT DATA	 IN IMARR	 B	 SICM(Sl'Ut7C;?	 I'('?	 M':AN.S
/ f?EVISE IMPT. T!"!E	 IMARR DISCCINTINUII` Y	 A()DftC^SS

LAC I M P'I'
SAD LCIIM /MIN VALUE?

LAC NG^CM /YCS^Gr~T .MAX	 VA[„,UE
AAC -2 /Df^CRCiMENT	 1'^f)	 NEW	 ►^C)Ih`I'

DAC IMPT /'SAVE

TCA
'C'AD LO I M
TCA /^	 { aCIINT'i	 EEC.OW	 DISCCINT.
PAX
LAC (7aQ

PAL /SET MAX ^ t>nNTS

LAW -24
DAC C NTN'1 /DO	 20	 I•{E i Chl'I'S

LAC* (16 /I 6	 STII^I^	 Ca C7INT5	 'I' r )	 YOB
AAC -z4 /17	 PUIN^X'B	 'I`^J	 X^ti,

C)AC* (17

LAC !MN—i
DAC* (I 4 /I 481 5	 PAINT	 l(l	 '^It	 ARkAY
C)AC^r (15 /(DOUBLE WURf)B

LC10P LAC* 17 /GkT X (T?
DAC IMARR. X /BYOB[: IN	 CMARR

M>;CLR JM;7 MNSTR !UR	 MN^Df)	 Tl^	 ':iU'S	 CCl	 ^'^N	 AI? I?At
LAC* I	 cS 3GET	 Y t`[")
DAC IMARR.X•^ i	 /^5'I`J';';	 Iii	 IMARR

MYCLR JNfS MVSTR /STC^Itf	 (CJ ?	 A(7f)) ^l't)	 :"^^',(	 A-^^t ^ t'

AXS 30 /POI.C'1	 ^1'(7	 il`i:.^l'	 I^Cf;I?iCfl' 	 I	 J	 [ ►^tni;«

JMF' QTT
/ f= ^JLD TU IJEXT 1^1EIGNT	 IN IMARR

AXII -36^
AXk -36Gi /DECRt;^^^^l.l~1'	 ^(•?	 ^,}^	 frll,^

^•r
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FSCAT program (cont.

D'I'1" I tip! CPt I'I fr lr[^S `]`	 iKAS'C	 H!	 T c3N"l'

.1M!' 1,^ It.l} 3 /C)t^1	 NIiX^r	 Hi: IG}HT

/DONE WITH PI3E,SEN`I'	 DA ►"AI REaiY,i' MNSrR	 ^I"0	 MNA1?1)	 ^	 RETUR!1

I.AC (JMS MNAI;!)

I^AC MX^I.0

f)AC MY(:f^R
JMP:4 Af}I^^I ^ 1RI:"1""URN

/I^INAI)') CDl`iV^itt'.a .1^^;	 TQ r^^^i	 ^C)'41'	 ^,	 AI)[?S	 "1" r l	 M ►^1	 ARC>AY

/.IN	 I1F^5IR1^—DOWN rURMA'r(I .^;.	 I,SWiM:il►^l	 )

SPA
I AC /CONV ER'r	 ^ ^'^	 ^.OMf^
SHAL /^> ^uN (MSW)	 CO i, I NK

TAB* 1 ^ /ADp	 1,;3W^S
DgC:r i h /:;T.Vi^
SNL /Ti.:>I'	 C^^^'?Y	 IJR	 SIGN
JMP Nt1TH /1`^lJl`i^T	 Af,'f'f:`t	 M`iW

SPA!`:i..A! IAA: ^';r1,	 +I	 I!^'	 1'^1^

TAI)r, I	 !^ /A1111	 Tf^	 •1°i{.`l
D A.':1s 1	 ^a
JMPk MNAI)')

NOTH CLA /Mll.a^r	 I	 k;t?^^^^;^.I.	 1,1^,?,I'^^

JMP .—f1 /ANYWAY
/ MN`SC,r CONVERTS n;; I"0 ^^.^ COMP 8 STORES TN MN aRRAY

/ (L^J !Jr^:i ICE — G)tL^l a i ;-^^):t' t A C) .Itf?zT (^ I^5 Na'1" iJSETJ.

M'^i.I^l^it	 ^ /l;rd`I'ItY
Sf'A
IAC iC;ONVERI'

:3r'A!rI,A /MSW=0	 il = 	i^'^.
L ^W — I /MSW=— 1	 I f=	 't^ C;

JMPk N[Il,i'1'i2 /I'ii'C!112(`I

/	 ^^ IJE'3!tf1;J r I "I'i 	 'I'p :il i f,"rr?;^rT (7+; (Mt3 A NS)	 (^ ^?"14f 0 ! 1"I'I""' 11`C 	 ^11`i ^

MI15Uts	 ^ /I:itT^2Y
I.^",^; (MN--I /15° Ifi	 POTNT	 `I"0 MN ARRAY

LnW —^^
i^ hC; CN I'FiT	 . /CO	 2 OJ	 Hl^i I ^; I•iTS

Lnc, o ► t°rxR
{^^^.^ /X^	 A^^f^ft^^^r^r;^^	 ' ) fi t [' I^!Ir	 .A)^I2l1^

l..aF'H	 AA^, 6z /z5	 DC1!tl;l.^i^	 f' t 12 ACF

i^l^I.
JNi:i SCR /GEr	 X/480	 T'1 1)f	 14':^;T`;l.',	 ^
DA'; rl;Ml^l	 '^ /S:1VF	 nI	 Ir';io)I•^t ":

L !^C' )

JMl.^ SOIL /GET Y'^Y/48^ IN t1I	 '2'i`T`3

[F' ^	 ^il^''"'7
f J

	 „1`•,	 r



G9

FSCAT program (cont.^

lC^^It,lk^1,^ ADD(l^OS C?EF 50 CAN ;c'S COMP A gD)61 ^5 CO:^P RESULT
TAD TEMP I

t7AC TEMPI /ADD MSW^S

LAG 0
C LL
TAD TE•'^UP4 /ADO LSiV^S^CARRY TO LINK

I,M^^ /RE:TIfRN	 1'^J	 M(^
LAC '^"E^p l

SZI, (TEST CARRY

LAS
CM p /I ^S COMP RESULT

CL„L ! CMA

!)AC TEMPI /SAVE FOR I.DOP
l,ACO

DAC TEMP?

LAC TEMP I /MEAN TQ I?T	 RED
J^{S DAUD /ADD 15UE3 `!'RACT) TC)	 ^?FRQ	 LA^(P^w^R )
AXR 2 /pUTNT T^J RCS

(„OFT' I.AC_ T^;MPc.
i> MW i ReaTORc	 L,C TC, u^	 RED

LAC TEMP 1
JMS DADD /ACID TC)	 R (K )
AX S 4 /^'^) J^ NT TCl	 NEXT	 R i TEST	 L A ^T	 I,AG

JMP LOPT /DO NEXT I.AG
PX A
^S^ CNTHT /TEST LAST ^IEIGuT

JMP LOPH /l^U NEXT HETGHT
JMP* MNSUD /RETI.IRN

/sa y TAK ^s MEAN, s C^ ua RES [T R f^ r V T DES HY ^^C
/^"n AY0117	 OFL^J.;^(E^:AN	 IS FIRST DIVI^)ED E3Y	 SRT(48L^)

/1'^^ gVOTD TF?UNC gT1ON F.RR0R,MEANB;SRT(4^PJ) ARE Fif^ST
/AC)JUSTEU TO	 YET!,. ? AN	 I ^ fiiT RESULT THEN SOUAREQ

/AN C1 r,UJUSTEU	 HACK. (RE'SUI,T CS	 7'RUNCA'1'EQ	 BY	 <I )

5^2R ^ /FfiTRY{ f^, i	 M.SEC)
l..AC* I!'^ ^U?='I"	 L^W(^JP57[?E—DC7WN	 F^)RiVAT)

!.MQ
L.AC* I ^ /MSW
SPA!C1.L /ABS VAL,CI.EAR	 LINK
JMS COMP2 /L A S COMP	 fE NEG
DTV /DO ROUGH DtV TQE
25 /sR'rc a80>

JMP DCOFf^fl
C C. A
NORM—I /Sk1l`FT	 TC3	 GET	 18	 DTT	 i7ES'IL^T

L ACS /G!<:T SC
TAU (2.2
ANG l37 /5	 f31'T”	 SNTFT	 C^7l1NT
DAC MSHIF'T^! /SAVE
RCL /T T uES	 ^

T'At^ (LR5 (^	 /F^aR"^	 1, ^?S	 ?*'^

^:.



FSCAT' grogram (cons.)

l^Al;	 SHFI^K	 /RIB— A^.1U5 C' AF1'^Ft ^t^UAR^
l^A^	 M^r^rFT
`l'Al)	 t L.L^	 14

I. ar ^;	 ^ 6

LM;)
I„A(r^r	 16	 JGE:I' MEAN A^^A ^N

.1t^K^i	 ^..w;h(P2	 /Ak3^ VAL,CLEAK I.^NK
I.i.^	 14	 /LEFT SNI ► ^I' M+ I "^ 8T`I''i
L)IV	 /DIV^'DE BV

L,ACC^	 SET Rf^SUt.T'
CAC	 .^•z
•^tl1L	 /SQUARE IT
^^?

°'Hf^ ^3K	 i,f2I3	 ^	 /^ H I^^T BA^:K BY ?M

/^'^ lb;i % ^ F^CRFC^R^^S ^'S COMP OF' I) ( F7Ety

DAC	 `^`EMP:F	 /:^AVC M:iW
I. Ago	 /ce c' Lsw
ALL! 1"CA	 /GOMf> LSW
1 .MQ
LAC	 I'[^MP
,S ZL ! t'.M n	 /C;f.JM f^' MSW, TEST GA RRY
GI,.[,.! IAC	 /^:ARRY IN ^ CLEAR t^:CNK
.)MPS	 ^.;CJMf^7	 /RETUf,'N P17^ I.^EF Df	 .

/f1C; CIC^I,^l I:i^IJ";^ EaC3F?( `Jf^ II~ nG EXC^t)ES :^^ f3I`1'
i^c;tJl'C,[1	 I.AC^.t^	 t ^.^z.

I OA	 /i'Rlnl'I'GCT MON t`G'nc^
1^AC	 C! ^H I NT
(S AG	 FRARG
I.AW	 X772
f^A^	 ERCt7^E
.1Mfi	 (-C2R ^C^
f^^ K'

.! ^S P	 G U IT	 /Ek' I ^C PCM
/.;'tUl^l_ :3T^lRIiS ^i'IIE DI C?faC TN	 1'HF' OIJT'f' ! 1`1' RUi^1^
g I`^ 11?	 v;	 /t;NTRY

DAG	 ACF12,X /`^?(JRE M^aW
LACE
JAC	 ACi^ I ^ , X •r l	 / i I'^1RF L`iti^l

^.JMPrr	 ^iTQC^E	 /fzf=TURN
/fi.)Al^f) AI.)C^S (1 ^:^ ^,C^Mf^) DI RE"G T(^ CDU f"PUC RUFF

r.L^
TAD	 AC(^ I ?., X /ADD MSW^S ^ CARRY TC) L TNK
DAC	 ACf^ I P, X !°^"^`^IRC
L,^C
^t.!CLIe	 /'I'C5T r'A ► 1RY

7d



rSC;A'i' pro^xnm (cone.

7 ^.

1 Ac
TAll

SNI,
JMp
I sz
SKP
I AC

C U7' DAC
JMP*

ADCSE`l^
JMS*
JMP

WC . DS A
SU p R . DSA
has^I' ^.Ac

IsA
.LAC*

REAL. DAC
CQI^IF'L.G JMS*
DIFF^c 70^71a1
BPFLG ADSVC

DBK
`1VAC' t..AC
ERADf^ G^AC

I.AC
SAC

INI L.Ah'
DAC
TAQ
DAC
it AW
TAD

DAC
TCA
TAD

DAC
DAC
LAC-k
TCA
aAc
I.AC*

DAZ
(^. A C, ^
ISA

JMS
D6K
.7MP.^

ADIN 0
LAC
DAG•'^
l.. AC

^^='' — -

/CRRY AROUNQtCAt'tRY CIUT TO LINK
ACF^I ^^X+I	 /A?D I.,SW^5iCAR ►̂ Y OUT TO LINK

/TRST GAt^RY
r^ U`I'
ACRI ^,^X /CARRY [NtSKIP ON CARF^Y AROUND

/CARRY AI:tOl1ND
AC>~I ^.Xtl	 /SAVE L,SW

DADf^	 /RETURIJ
/ENTRY

. DA

PAST
WC	 /ADDRESS t^F WORD COUNT

SUQR	 /ADDRESS tJR ^SUBR^ ARC.
(4m q^m0 /RAISE TO PRIORITY LEVEL d

{ 155
	

/SETUP ADG tONCE gNI.Y

-I

(151
(SEAL
(.1MP
	

INI
p AST
_1

CrOMFLG
( BU FEI
BUE1,^
—I
(pU FF^

BUFz+^

BU FI

^I^rc
B PI,LG
WC

we
5U6R
SUER
(2P1^

ADIN

ADCSET /RE 'URN

/ENTRYY
GI^OCK^3 3F?ESET C(^OCK
(7

WC	 /SETUP DC:H



72

F^

FSCAT rrogr.un (eont.)

LAC 9pFI^G
TAD ®11F2
11AC* { t7
`l PJ.37 P1 ^
7o1374a /CLEAk FLAGa
7(^ ^724 (ENABLE TRANSFERS
R1MP^ AD ItJ /Rt~^"URN

ADSVC ^ /I.G^EI. P1 ENTRY

GAC SVAC /SAVE AC
70^^7f^4 /CL.EAR OFl^O
LAS ^^'14i^
i A C,
a^A
JMP AEG

IaAC M ANT
xqC

^^A
^KP
D7, 4I S7`QP /DISABLE A/U DI)R.fNG 9^1rFE4^'J

Af^G 7^D3 "l^l /TAMING ERRQR??
JMP . +3 /NO
TS7. T IFICRR /INF*(^RM	 11SER

7P^.3744 /CLAAR FLAG
TSZ COMFLG /S FT BUSY FLG ZL:R^
JMP SC.^JWP /C'r	 AI.RE^DY WAS--ERROR
LAC SUBk
S;^A
JMS^r, REAL /PRIME T'Ci	 RUN	 SUER	 AI^'i"^:R	 E:\ I I'
faAC ^[FFC /SWITCH BUFFERS
XOR BPFI.G
DAG BPFLG
I.,AC ST[7P
S?A
,JMS ADTN

EX.XT I,AC { 4P^^i^}^0 /RE(711E^a'f MC]NITOR	 AF^'ER	 ^XTT
TSA
LAC SVAC
DBR
JMP~ ADS'JC

Sf,OWP LAC AD PVC

DAC ERA RG

DAW
ERCQDF

IM5 ERR(7R
IMP EX [T

^RR[7? P1 /EN?'RY TU CRR^R PR(N`fDU^'
I^ACa^ (166 ^MONIfiUR	 Ef^R^JFt SUBRO[IT^t^F
DAC ERADU

J^.{`j * ERApD

^" :r"
	

:.,.^. ., r. ,	 -	 -- -	
T,.



^^

FSCAT ^ra^r. ^tm (COnt.

^1'1A1^u 777777 /AR^llMEN^I°
n^ M S'^^ P

GERR .CI,t^SE 5
JI^p^ EpROR	 /RE°TURN

^U^"f	 I . ^I,OGK l 750
!'17 I . BLOCK S
^U^^? . C^I,^7CK 17^m
I'(^^ . BLOCK ^A

TMARR . 6LfaCK 74Q
MN , (;LOCK l za
f.d:Cb[ . DSA ^MARR—{
HCIM .l^SA tMARR^737

N t^



^^

Af''l;NC)TX ^:^ t'CS7`-PRUt^f;^STNG PP,^RAMS

The ^>ro^rsYms listen t► e1 pN r► re Por post Y processl,ng o£ tha ^errelratiett

£unctions which waxe ot^tn^nea .in xoul tine and stored on ci^,^sk o^ Df^Ctn}^3,

'C1► a sourco Fil.o^ .f,Ar the pro^rnmS ^'GWI^, V^LL, AIttAI), ar^d DINFI.'1' arse ;1.9c^d^ci.

onto cif,5k ^ o^ the PC)T^^-15 ,fx^m tha program DF^;^nr>o. "1'ha t^cl^,tor ! ► xo^xrun n

the systom so.ftwr^re ^,s used to mod^, gy the ^^ 10 I^o^,nter in the AC^^^AR p,ro^rn ►n

so As to ngreo wJ,th tho ail© and extension o^ tlla first ,£;ale t q tie procas^'etl,

7'he statements nre accossed with the eclat commu»ci "!, ,S1',X". AFtur c],os^,n

the mocl£ied ARt;A[) su ►ixce file the ptA^FtO compiler is usad t4 pxocliice b^.nt ► ^,•y

:files for those two pro^xnms. "The F:QRTRAN comp^,ler is used. fox I^QWW and

VlLC.. each tame n. new cla^;a set is processed ARIiA^ m^ ► st be edited and com-

piled. with the new Gila nAmd. The source o£ the tints, eithea' disk ox t)C?^;tape^

is assigned to .l7AT slot 5, the texetype to slot 2, the papQr, punch to slot

3 and dish 3 to s],c^t -^. Tho pregrAms P^WW, ARCAIJ, and !)xNPC.'1' t^z'^ then rp ►►dec#

_	 n3..f i ___^^	 . +	 -.-.^. _

Fuld eJ^ECIItP. I tc^ prn^.;lc^ f3 japer ^ j)c t3,f po'WCx` uutu,	 ^].ma,1.ClZ'.Ly Vl:^la^ f11tl;A^?,

ttnd DTNPf,,T nxe u4ed to pxodtsce a velocity papex tapo.

AItFiAp pxogram

.GL.(ll3L S^7',GFT,.[^A,[)INFI.T

. I (1CaEV
^E'i ^ 1ENTRY	 IaLMFN.	 AflR(I , I )

.INI'C S,fQ,S^T

.S^^K S,^ILF.
I ^! E=;XT
Jl^F'rt ti ET

FILE .SIXl37' ^04AF'K7•
EX'1' .SIXBT ^`I^A'
G^;'1' 0 /ENTRY

J^^^t .laA
JMP .tz

A HR
LAC^t Af^fl
UAC R+2
UAC AEZG

.wArT
JMS^ r^rNl=^T
JMf' . +z

Af?(^ y
JMF'* L;E'T`
. FN fa



-^

^^

F)TNI^tx1' ^^r^grntn

,^r^^r ►^^ ^rNE^^,T

^,) I N hl^ 1' @ I}N'I't7Y
.1M5^ . G)A /^^'^'	 A^?^Z
J^tp

ARta XX
1.^G i AI^Ei /A^(AY A^)^CsE as
T'GA
TACJ ARt^ /I^^:i„A`f'XVf;	 AC^nRt~^S
^/^X /ll^^	 Xft
TAR (71^av1

1,1"^^^P I^AC ^1RC, X /G)»T M5W
SMA°.l^L,L /GF^EGK SIGN
JMP C^CI^>
LAG { 4^7^1tA^7;^

DAC ^CGN /SET ^ IG^V NBC.

CMq /Af^ a VAL,c	 CIV^LLl Tt^	 LINK

L Mc^

CMA /A^^^	 JAL4	 T^a'1" LINK

.JMP PA^`t`
^^^ DZM I^I^ /i^T	 IGN	 P^Ja,

LAG tlRt^ , X •H I ^^7" I^W
LMR
^.n,c nRC . x ^^T MAW

i^/^T NURM- I /L^^T	 Fit FT C^^TH

XI.^R ^ X^N /ATTA^:N `^:i^N
[^A^: Ake, X* I /PUT	 1 N ^^lt;C]ND WU17C^

l„A^^^

Ah^C) t777(^id^1 /^L^AR ^X^' B[T5
l^^^C; /ATTA^^-f ^X
ANA /rGNCIRE: L={?0

^1M^ *3
KCl }^ (	 I
IAA
CAC ARG , X /F^UT	 ^ TJ	 ^ I I75T WC7RR

A X E z /N l^ XT ^^ A T k
.JMP LfJ(^P

JMf^h pIN(^C.T /(^MTURN
x^N ^7

r'tJ [^

^;,



7G

!'OWIN prograrn

DIMENS ICJN IN(400^)

(:I7MMON R (25 , 2^, 4) , P (20 )
Et^UIVALENCC= (INCI ).8(1,1,1 ))
PMRX=(l1.
N^= ►̂
pU 74^^i I E I l,- (. I Pl

GALL SET
OU 70G^ IREC=1 ,3
C:A1„L GET(IN)

QU I ^(^ [M= I .4
NR=NR+I
©U zP1^^ IH=1 ,zr^
IF(B(I ,):H, IM).GT. 1.)P(IH) = ALOGIC^(B(I, IH, Iht))
^F(P(IH).GT.PMAX)PMAX=P(IH)

200	 C^NTI NIIE
R=FL(^AT(NR)
WRITE(3,3^Id)^, (P(IN) ^ IH=i.2P1>

3^1^	 FORMAT (F5. ^J, 2v1E5.2 )
I0^1	 CONTINUE

7^^	 CQNTINIJE
W{^ I TF (7, , 34fd) PMAX

34th	 FU{;^^AT (I H^, bHPMAX =, F I ^J. 3 )

STOP
END

VCLL program

UIh1ENSI0N IN(4t^^12)

COMMON 13(25,27,4),AMP(zU,l3).kR(zGJ.I^).AIM(201.13),V(2^'7,4)

(;OMMUN /PATA NPT (zrA. I z8) . ALT(z0>
EC^UIVALENCI: (IN(1>,B(I,I,I,))
VMAX=(9.
NR=D
DO I (3 I=1 , i0
ALT (I > =b^A. + i . S^^FLOATt I )
DO I^;^ a^- 12i . i2E3

I ^	 VPT(I,,,^)=^s.
QC) 7^C7 Ih" IL= I . I ^
CALL SET
D^7 7 VJ(5 I RED;= I , 3
CAL1. GET'(IN)
DO I^1GJ IM=i,4
NFL ^NEl+1
DO 247c^ I F1= I , to

L= 1
RE(T1^,L)=B( I,IM,IM)
UO 5k^ .J=z . ^5, z

^^,t.



^^

VC'C,[, [^;r°9gxnin (cg nC , ^

RC(IH,Ib) =E3 (y1, TH, TM)

z^z, T H-1 , 7,(7
pGl ^^^ T1.-1 , 4

z,^z	 VC Tf-{, XI.,) a^.
C;}t^ Z^ti I1^-^1 , 2k1
C,tC,I z7 4^ I L = 2 , ^
AM(^tX11.IL.)^^g F^TC^;l.^CTH, f!^)**2^+°AIMCTH.IL:):^^7)
rFCAMt^cCH,II,).LT.t.lR1^{?^CTN,i)))GU TC} 262
IFtR^CThC, l..>.^tl.^.)GC] T[JJ zbH
Y C Cf^, TC. } ^^^.67^ATAN^ CA^IM ([ H, IL) ,RAC TH, r L)) /f-'^^A'I'l Il.—I
^(^ TC^ ^, 7 P1

26'^	 V t TH, TI.,)^7.335/^L.UA''"C T^.—I ?
^l1 'I'f} ^"l^l

?62	 VtIH;:^L)^A^.
[,MAX =1; f.,-- l
t7tJ Tt;) r75

^i1	 C:L^NTTf^ll1^"
LMAX ^ ^l

275	 VA I =^.
V ^1 ^ ==^3
L)l.l e^,8t^ C1.,^2,i,d{AX
V A 1-^V A l •+^ A M P t I l -{, 1r L) ^+r V C X H, 1 [.. )

^^^1	 YAz-=V Az+AMP(Zk-f, rl..)
Vf`'TtT1f^NP)=VAIIYA2
Af^V:;^AE3;iCVf^'I"(Tf^,NI{))
TF tA[3V.C^T.VMAX)YMAX=ABV
TI"tAE3V.i3T. y .99) VPTCCH,NR)=S[GNC9.99.vPTCIH,Nf^))

z,9k^	 Ct"JNTTNU
147	 GLINT ^ N L1F

"7G^1G7	 ^C'1N^INf1^`
^t7 3^^7 z H= f , ^v1

3,^3	 ^l`^^^MATC IH ,h'^^. { J
Nf^=1
Nt^ I^
Lit.} ^^C^ NNE: I , 8

4^y R^TTEt;3,:34^^. )CYhTCiM.NF^).Nk^=NI .N^>
N;^4	 FC]RMATti k-f ,I^[^5.z.}

Nf =N1 • ►-4 6
N^^=N^•^f f^

r3^tC?	 C:t}NTZNtI
;iC^vl	 CUNT ^ NLi^:

=^.^tcY	 f^t`Ik^hSA'I't I kfis^, d, f°fVhSAX =°.F I t7.3}
5 c^c^^	 .^iT[") P

f` N t7



a^	 ..P .^,.-d.P._._ . ^ __	 ^.,.-,^.^.^.....,.^.	 ,^.._.^._

7H

AF>l^lrlur.x v l^t,oxTr ►^~" nnocl^nr+^s

`1'he .fol.low:ing IJra^;r.;uns axe z^un on a ticwlett-each; ► xd rJ^30A cam}nrtex ^^fa.th

^1 G K woxds a,>t• Itlornary,	 '1'he computer, ^.s o^^ ►,a.^^}JOd w:i,th a thcrnta'l {Jx;i.itte'I^^ prylo7^

ta}Je r.oader and tr ^Jlatter. A cassette drive a.s an .nCe^;x.^^. part o.^ rho

rnach;ine.

'1`I1e .f:ix;^t two a^ro}rttms ^.:istod tJC].aw ar.o used ta r.ead .n a palJO2^ ,`.t1 }10

and storo thr data ;i.n a Wrote e,ompa.ct tarn! on cas^cJttc, Each dcit;l ca^:tctte 	 ,

:i,s nlill' ked wi.tll ;f.:i.les n^rnilJoro^ (? to I. ;1, a.0 :length 2770 tvo^'cls.	 `Ci1e stor.a};c	 '

lJxogramst	 1.) ash 1"ox^ F:i,le identa..£a.Cat;i.on data., ?) read the pa:}per t^j10 nttcl

canvex>~ to :i.11tegcrs, and :^) stoxo the data. a.n a user-siloca.f.i.ecl ^i^;i,le a^1 the

data trlJe.	 !^s rho E^.^i: ;i.cienta,>l:ication in:tarmata^an a.s input the }J:r:i.ntel;•

lJracitrces a. f1a^^d calJy which is s'Garecl W:i.th the cassctto a.n a .f;i.;li.n^ s^rstcnt.

The final tllx'eo pragr.arns p1.ut the riata ^to ►^eti an ca.sserto. "I'he usca^

a.nputs x :Eile nunfi,Jvr and rile camputer r.oacls the data. 1~^^am t^rpc aalrl a.ndf.catea

wllat file iS nl^cJut to he p2ottecl,	 'I'11e pxa^^rarn tiv;.l.".l stll>1J1^ xoconintencfed }JZatt^•r.

con^x^rJ^ lrarcuneter5 lJUt the user can override anti choa^(.^ il;i..^fe^• ent va:l.ucs .

Cenez^a:l.l^^ n p;l.at :i.s nracic u5:,n^ the recamtne'nded valtacs anti :i..f unus>a,ti.1 S:i.L;rl.^].

chrrractex;GStic^ aeaux^ than ,t socond la^ot is m^^de witll new p^ of 11ai • crrncterS .

The pxa},rams calk J.00^i^ !Jack zt.nd lJxoduce r ny nt.rinbe: of plats w:i.tha ► rt r^ - :rea.ciin};

tl► o cttlta ^f^,•atn cassette.

1,	 Velac:i.ty data. staral;e prog^l^an1

in	 ^^pi ,i^t:'I^1w^17^(=^#^f^riJJ^Mk^hl;^^t^j:^:^^rLe^:^l^;^Ai'r"^}efi^aF1,^2^['1,^^1,FF
°t ! I^til ':^ti, '-,fii^[<!= 4'EF . It11i 11:llti:GSt^'S:r'6 IN- p hIFE:!' 7f^F'E^t7UT4t"A'a`M^ETTE

,`I. h.Ltl !ttCiFi fit! l",h'IS'^51'T[	 I!J ItIT. ARF,t^1' D. FOldl^t,tibl NT. I^'Ili
,n liitl r^II J.	 , 7=4l^C '! ^ 1.?k 7

.btu f x;t ^ (	 1 74 f "^^
r,^i	 ,Ii I t ^ 1
^.^}+	 tit.:;!	 I
;'it	 tic t :5.'^r:l

y711 II j 1.'`^"^^:

ui^ r'r stt r

i z^, rrir•'^ir t.>r
1^t1 FE•'TlI1' l.i^	 '
1a1 l.i'Ct.rtaG:l„^:^.f1'!=" 4'^L.ZCITIHS t['1^^"Sri"
]^1t;1 F'F'^tl'i' "S'I'RkT TIt'1E`? IhIPUT HQURSr191!•IUTt;S,
1 `^Ir^	 I111'I,I	 li' +r h1"s	 .

J,'lt FI''TtIT	 'C^A1'LIi:^HT ''!'i4,+IF1C^$ TIt^iE'?"
i:'a I''^' 1 II?'	 I PIF'l.T ^^ Fl`^F CST ^ v FQR C.DT"
1 t?E,	 Itt''tl;	 ;'.'?

1̂ .^, ^i	1}I't	 ",y'PhiFTu..;Fi',^li^!'t^FP1^;'.^^^^,,.
°tE, I r^`Itti	 "t1^^. GF RE^:CifcI1S'?"

:','ia	 11}i , l.i'i	 its



^^

`2^1G F^t-'IN1' 'H =EASE ALT. E1^STRRT SETTING: INPUT Ei"
'^'.ai IflF^IIT E1

23i f'^!INT "H2^"iH2
^^aa F'ki NT "VELC)C 1 TY"
2r' ►] i'iJR IL = 1 TC^ 2C!
2kJ^7 ENTER t 1 r 290r A)He
:^.`^^ F(JRi'iRt' 1?SrFS.1 ► 3Yi
^sC1t3 FI:iR 11 ^ 1 TO 8
S10 EN`T ' ER t1r3 ' 0rR)(FORJ51TO1firWCl2r ( I1—i);^15+J])
^^0 F'1't f^hiNT i^;r1SF5.2r3ii
^3:^^± N^^T 1 i
3 °}Ci NE^;T IM
^^L`r REM INPUT LtlNErCt,^NVEF,T Ttl INT.
L7r3^^i ^^^1R I 1 ^ 1 TO N;^

:^x;17 I+[ J^;r I i J^=WC Icr Ii J*t00

4^^ti NE:;T I t
4t15 1^G;P1 `.,^T'ORE
ail? I'l^IFlT "PLACE DRTR fiRPE IN TRPF DRIVE"
^3^0 F'i^ I f!'( "FILE - h10. WNERE DNTR I S TC aE STORED?"
+1a41 IT{F'la`f F1
4^I^ FRIN'f "FILE"f F i
450 '.',TCIfwE	 DRTR F1
4hC+ S7 tJF
4i'17 fct{11

2. Power data. storage pYO^;ram

1f+ r'i;ISI 11I(4;1r1 "cBJ:L'lC+l!? ] eN3rM3 ► N3rS2rL2rA6rR7 ► 24rH2rE1rE2tE3rE4 ► ES
;:^:+ (^;F't^l f •'^^Id1rR S °fOF'.E 111:^2:05c23^ ? 8 IN=PAPER TRFErOUT=CASSETTE
"t (?^I^+ >Ii1`1'I'1 ^7N t:tlSSE1"Tf; IN IPIT. RRRRY D. ROWi=LCtbf HT. B,IN
;r.i+ I'tIM HIS I;^Sl,tdC[?1r 1287
^^^ r^^f^ x^-1 ra 1^^+
;5ia i^,r I :ICI
t;it IIC'.;i	 I
'i^ riC 1^'^a^ 1O

ti7ll Fif..I 11 a^.wl;?

a1,S PR:IhiT .
1^3C^ FF'IhlT "UNTE?°
11C^ IhlPU1' Lt
;^^ PRIrlT Ls
iry 0 L^t[LENCLi)a•!a^" POblE1? CLOG PLOT>"
1°iO PE^IhlT "STRFT TIME'? INPUT HOURS ► MINUTES.'°
iSO IhlPUT H'3rPiy^
i^'1^ PRINT "DR1'LIGH1' SNb'IIJGS TIME?"
1^0 PRIhlT "INPUT 5 FOR CSTtS FtlR CDT"
1 ^?O INPUT ^:9
1^1 H3=HS+2a-5
1a? FRThlT "START="iHti^*11x0 +M3+'°CST"
'mil+ FF`I1JT "hTO. OF REL'.ORDS^"

',a uO PRI(^7 N ^a

'24 r̂  PRINK' "N2-EASE ALT. EI a S 'TRRT SETTIhlG^ INPUT EI"
241. IflF;.i'i tl
242 Fi2^^E1-2)ti.5
251 PRIhlT "H2="iH2

,^^	 255 FOR 1 ^ 1 TO N3
^S8 ETlTER C1rte.irR)WC21rI]rfFQRJaiT020:WCJrI])
^6i FORI'1f^T F5. 0r20F3.2r^4K
2M4 NE;;1' 1
20? REP! INPUT DONE
2?O REh1 hi I N r hiR^ ► RVE., ;. 3 N 5^ ^_^
^c^'E, SL=1S
ct'a L2-0
2^+2 FOR J = 1 TO N3

",.
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i
. i ,
,^,

dal
r', u

'^' 1.1

^;It
'^4i

14a U
1'3 sJ
1 °S CI

1 lakl

1r1+

i 91;a
«i'J t:1

'^1C+
^, ^:^

'4i+
•} .i

"^t w
,:;^}:
^^+4
^a:^
.:^}a
•.} ,
'.''. S 0
^r7U
^c r' k3

_n _.^

X36 F!^F	 I=i	 TO 2D
^13^ I F WC 1 ► J I?6. r'6 THEM 3E3
2 y 1 IF JN1	 THEN3DO
2°34 }'}C I r J 7x7
2:^, f;^TO	 3133
X300 1d^ ^I ^ .,i 7 m WC I r J-^ 1 3
;^t3'3 IF	 i^JCI,J]	 C^	 L2	 THEM	 3©4
311, L;;-I^JC t • J 7
^31;t9 IF	 WC I r J 7	 ;^= s2	 THEN 316
:312 '2•=W[ I r..0
315 AS^RS^+WL I r ^i 7
3ta NEr,T	 t
3'w1 r}^^;`r	 ^^

3^' PRIr}T	 "POWER"
^'at3 4#PI7E	 ^15,339)S2,L°r R6
^^3 PFINT	 " plRh	 IS"{l0^CL2-S2)i"D8 AEOVE J'11N."
;^;;^; FF?Ih}'f 	 "AVE	 I:"^tl`a*^Aa —S2)i"DB Rl3OVE MIN."
33^ FI]1<'h1HT	 "h1I M n " a F6. i r 3?; r "MR?;=" r Fb. 2 r 3?i r "RVE = " r F6.2
;3	 C1 F'Ea9	 Lh}i'UT	 1:̂ ONErCOr}`1Ef^T	 TO	 iNT.
"r;0 F^°Ir'	 Ii w l	 TO	 N 3
3; [^ f^4iF'	 I;^^i	 TO	 ?.0
'3^3C+ raf ^^^ T 1 ]=}d[ I2r I1 ^:=1©f^
C,'3f^ f}1',^T	 I2
413+3 t }F ' ;'r	 t 1
}il:^ f^FTti"^ 	 "PLACE	 DATFi	 TRPE	 IN	 TRPE DRIVE"

r}	 I+ F•'F'IrJ1•	"FILE	 P}t,.	 I'#HERE	 DRTA	 IS TO BE STORED?"
4	 ^^^ I iJf `i:J'f	 F i
}a^: F'r•^ri}T	 'FILE°sF1
.}^,f, ^^•.} r:^F•^	 Harr=	 F1
•}r;sl T'fIP
}; 0 ^l}Ii

3. Veloca •ty dat,^ plot program

+ +^i1 IiJI is i'e^3^JrL,fCak+7:H3,h};3rN3rS2iL2rR6rR7rZ4rH`.'.rE1rE2rE3rE4,ES
i l''t ' 1 f:1 PLG7 4'ERS1'.l3hi 21:4G:1Ot31:7e
#it ^,
'LIIh1 r`ial.lra^7,T•Yl'3]
i''F'IIdT "PLai.E IINTA 'rHPE IN TRPE DIVE"
f'F'1hlr "F'1LE NO. 4JhIEi;E DRTR IS STORED'7"
I P I h' ^.^ f	 F^ 1
r`'F''IPfr "FILE"iFl
L,t;+HTi	 ;GaTR FS

r'F^ ^rrr L^
T:}::Y. ' I'.'aT ^^
f'f'TiiT "LOCAL STRR7 TIi'JE"ir'1:^+H3^113^3i Tf
Fr^:IP}T "h1^1. OF REt^ClftiLiG= "iNrd
f'f^ I.t}'f "H+. = E^RSE ALT. _" i H2
f^r.IfJ'r "RE4Ghih}EP}DED FLOT PNRAMETEkS'7 1^YESrO=Nu"
Itil°'UT F;?

' I'; 11?:}.I E:; },':9+ 1 O F 1 1 It kt } 1 Et 21.1
F• fy•^La`f "St"• RLE FOR 1 M/S^ "iH
F'F'IIi'I' " p Eri UP LIPIIT MS'S="L'3
hit-W:''

T?^^ 1^^^^p1;3^^15-•INTtPiCari5))
Ir' 1+^':f O THEN X46
T^=^
IF T7:G THEN 247

=1 ^^^'^.
REI'I TF,1'i LONE
F,'EP1 N.^CIS
SCNLE —Eu,7^1Cir-15 x115
>;t"i^^IS Or-1r0rC6—T6)*5

ti Q
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^l.

:a75 :Fi: +1S 0,25 ► C6-T6)*Sr C6-T6)«Stt.INT{N3/51)«25
9;'a IPLOT 10r0r 1
^i'7 1,.A g EI. s «r 1.2r 1.7r0ret11)Tf

`9G`^ ::Fi::1;^ 105x- lr0r<a-T6)«5
^'3r ^'A^,IS 10gr5rt6-T6)+ ►5r{6-T6?«S;IINT^N3r5))•25

u0 REP1 FIF..IGHT LRBELS
311 PLOT 43r0r 1
320 FOR I=1 TO 20 STEP 2
33^^ IF'L^T OrlOr1
'a40 LA q [L C«r 1.5r 1.7r11r8+'ll)
350 I:.FLOT - fr -0.3
^a0 H12N1+.3
^7O LABEL S380r1. 5r1.7r0r8/11)N1
3t]0 F^1Rh1Ft'T F6.1
390 irE';T I
40O FE11 TITLE
41ti IFLOT 100r-112x1
4'20 LAE;EL («r1.5ri.7r0r8^11)Lf
4Js:+ f= E1^1 r;A}i I S LABEL
444 Ft^F^ I5a16-T7 TO N3 STEP 15
450 1^1^}-pl:"+I3-1
X171 F'L^T 5^I5r l r 1
"04^a Tt^=^iC10^H3+M4i40«INT(M4.^60)
51l'+ LtlE, El, trFr 1.5r 1.7^F+?
52Ci iRPLOT -0.3r -O. S
^sl► I,N^'Cl ti540r1. 2r1.i'r2r'0r8+"il)T6
540 F^`^rPIt^T° F5. H
550 NE;;T I5
:56t3 F.' EM Ali I S DGNE
Sr'0 FOR I1^^1 TO 20
580 OFFSET 0r5+^ti
590 ^{AKIS OrirE50-f128-N3)«Sr0
60 p REM Gĉ am -i FOR LAST ZERO
6f0 REM C2^1 FGR LAST NUT 2ER0^
620 C^=^1
630 FOR I2 . 1 TO N3
640 K=22*5
650 4' = DC I1 ► I2]«H+'100
550 IF Y =0 OR ABS(Y) :n L3*H THEN 710
67^ REr^i NOT ZEkO
680 C1=^C
690 GOTO 720
700 FEM HERO
71fi c l- i
7'20 C3zGi^C2
?30 G'^=C-17'rCl
740 F'I,CiT ?i ► 1'r G
r" 5G NEr;T I2
75i3 ^'Erd
770 Ntr^;T I1
7^0 ^Grt scALE
Fq0 l`1F'FSET 55SrS5
8k^(] FOF^ I = l TD 109
810 B4=TtN
S20 If 64 ?= 5 THEN k^41^
8^a0 N^srGT I
84l YA:IS O ► 64x-1*B4rE4
850 LABEL «r1.2r1.7rOrelll)
861i c^=iR I=1 TO 3
870 U1=B4«(I-2)
Bu0 PLOT 1SrUlr1
d90 CPL.OT 0, 3 ► -0.3
9CtG LABEL i910r1.2.r1.7r0r8."11)U1+'H
910 FORMAT F3.6
92G NE?iT I
9'w0 CPLtlT -3r 2
`?4O LAE=EL t4r i.2rt.7r Or8/11)"SCALE"
9SO F'E?INT "h1EbJ PLOT ldITH THIS i)ATA? FREPRRE PLOTTER"
95Q PEIfJT "1 = 5''ES"	 '
970 ] FIPUT R
;tSO IF R= 1 THE1: 198

...^.
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990 PRINT
ll3OU 3T'OP
fr31^3 REM PLOT FRRR. ROUTINES
I0^0 IF N2>36 1NEN 1660
1836 N^5
1040 13^f
1050 COTO 10x0
1060 NTI
f0'6 L3^7.5
1086 RETURN
1096 aTOP
1791 REM 1r ERT. TICt:S^S PLOTTER UNI'T'S, N=NO. OF PLOTTER UNITS FOR f M^6
116a PRINT "3CPLE FOR 1 M^s^?"
11.10 INP^a'1" N
1111 R ► Pd NBS. 4fiLUE ElF VEL. ^ 13 TO BE PLOTTED.
ll;^l? f^R111T "PF'tr LIP LIMIT MSS?"
1130 111PUT L3
114O RF;TURN
I l;;O 'STOP
116O EIID

^1.	 l "otve7 vexsus t:^ml^ ^,t a fa.xecl ,l.t:;i,^t,cic T^Zot pro^;rt,:l

ILt t.t"tIi ,t1IG?lr 1::u;lrLtC4t]^:H•3r1'1,3rH;^tS^?iL2 ► NoaN^^r^^1,N4 ► E1•E2rE3rE4rEg
;2t^ F'f^'^i 1°'uI^1kN PL O1' HOk'I;. 1^{:OOsa7i 1Ss?A
'^t',	 1'1^^.
^}tt Li^Ii9 T;^f 12fi ^, T il'C 8 J
rii f f'IIIT' "PLN4^E I1RT'N TNPE IN TRFE ItRIVE"
",+ F'f^ItIT "FILE NG. ldllEf^E DATFi I5 STnRED?"

;" i:+ I 11 f'i^ T F 1
t`t F'F'TII'f "FILE"iFl

^tt,i ht`tt"I It	 Dh^Tf3 F 1
l^^it f'F'JtIT L^

14n:+ F'f^'IIIT "Ll^l`;hL STRE'T TIME"ihl."+H3;riEll^iTf
1 r': (,t f'I^'I II1" "FIl7. OF REGOFPS-'^ t N'.7`
1E^1 tIF''1TLi x:15, lb^#)32,L:?rNG
lt;,,^ F'h'IIIT "h1H;; 18"i 1^^:^^L2^;,25i'"DB NBi]^^E hlIf^l."
1^°`'=; F`F`II1T "R^^'E IS"i lO^^cA6^Si?i "D8 Na04^E MIN. "
1 r34 (°! il?Plr"i'f "h1I P+=", FS. , ?;i "I'1N^{=" r F6. ^ r 31,, "NVE=" r FG.
lr„^;^: 'a^rl^hf: •t^ti,i`Ctltl^1,115
11',t r't'II11 'H4^ERtiE N1.T.M",N2
1'^%t FF^,1111' "RECGMhIEIJDE:D PLOT PNRRh1ETERa'? 1 = 't'E^r k3^NO"
;alter xNh'L1'f F'9
''1t1 r^t^t^^aiF"t F'^•+•1	 OF'^1r,=ft,iN3tt
::i^ f'F'II1T "Eli':.F^ "Er "HE1'^HT="H, "LIIIIT="L3
^-:I^ F'E1^1 'fl°I(?E'•FIt^: LD Iti TS

w.::_^ F'ts^lT S, 111: 1
3^^# LHFEI. ^°235, 1.'.-^., 1.T',C^rE^. 117^;•^,L;_'aE^rL3
:.'a I= t7F'hlriT "I'lll a =", FS. 2r 3 r̀;, "P1N?;=", Fr .'.°^r jr;^ "EFiSE=", FS. c, 3Yr "LIMIT=" r F3. 4̂ ,'r;e "U8"

:'ra FEI1
i_t Fi 1 =• H

^:^11 T^W.,"^^^^_P1;^r S- I11Trhl^^'S^l'^
„'^1:. "f;" - 1`,:^.^1^1=; `15^IhITtP13^^'15:^}
^:^ ► _: If^ Tr"• tvt THEM 245.
^^14 Ira- 5
;^+^ Iii T'." O THEF1 '^^?

,} 4;	 'f ^' LL: 1 ^,^
::^^^ f<'f:Pl 'f^:^T^ LL^hIE

•w'tt ;;N:;I', tt,-1,Et,4h-T6^x'
.^ 5 ''t1;:I'^ t^t^ ^5+ t6-To" ^*'S, .-TEJ*Sff INTtN3^5?125
"ta' lrLt^' ltl,ttr 1

'2_T1' LHE^EL ^ ^, 1 .2r 1 . 7, O, 8 "1 1)Tt

2 +̂ 1t ;;R,i1:^ 1CtS, - l,r!l'r_.-To"t}S

^:%



^^
3lItl
3I E+
324
334
344
3^4
3tU
3;. Ci
^^13A
;^'7 t;^

4^^^
f} 1 t
c}4`{I

^} 'i 1

}.}t^

^i^^t^t
^n^

^r^
a^l,tt}
514
52r^
r3 1^

5̂+ 4^
•J J
^l>^
9?U
^U
'^4U
'^59
at;4
! :;.} ^t
t^e4
f n^^,^ .,.u^
1 ;^,>?
1?T'11Ĝ
I JVV

lu:1C1
l4caa
i41ra
14:`9
t43^3
i44k1
i 4 .' 4
15iC^
1524
15 U
154G
1554
ISr^O
1^hv
1SG4
1"a6h
15rsS
1r^6
15i  c

1 5s^4:i

lc•lit
1s^2t^
^. h. : {^

iG`fC1
1 r: ^11

1 r, 6 C_t
lr^i'Cl

1 c•^(3
1;^c,Ij

1; t;t 4
1?^t
1 ^' 15
1"l r.
! : 2 Ct
1 ";: Cf
1.." 4 E+

1 ^•°^f i
! .' :^ U

;:tl;;l`. l0'^r ^5r {6-T'6)+5r C6^T6)+t5+{ INT(N3/S) )^23
F^Pi H^IGNT LABELS
^'17t3T 4r pr !
Ft1P ^^i TO 2Ci STEP' 2
1P1^I^T ^1: 1®r 1
LAPFL, 4.+tr 1.5r 1.7r(1r8•'11)

PLClT ^7 ► - p . 3
H1rN1+
LABEL `380r 1,5r 1, 7r0rR:°'11)N1
F^JPMAT Fo.1
ff^t;r I
t^Ct^i T I fl^E
1 f'1 t?T 100 r - l 12, !
C,A^1("i. e ?rrl.511.t°tilr$ 11^Li

ft'tF' t'^^lt`^T7 TQ ff3 STOP 15
p t , }°tf :: t Ia-1
!L!!T'^,.I ^ir lrl
Tr^z:1,Ilr^^11^+M4t4(i1tIIfT{f14e'61^J
LA1^Eh ^t+ ► 1.5r 1.7^p)

LABEL ?'540r 1:2r i^"^i2I'Ore 3'11)T6
PuRMA1' F5. ^
hfE^,T IS
KEPI R)IS DONE
REPi CI"EN HEIGHT VS TIME
F,Et9 I ha I T. 7 ARRA'r'
FOf^ h:=1 Tu 126
TC k': 7^t7
NE;^T F';
FCR H^^1 TC 2G

GCS-1
Fri g I,1^! TCi N3
„^ I ], ^ S
I2^H:^^-1
rr^5Uf3 ! 90F

Ct^;:,Uf; 1 tt02
F1E;^:T
PEfJ
IJE,^T N9
PEN
PEt^i LABEL 16 DB SCALE
CtFFSET Or 0
YA)iIS 6E^5rHr 105 — Ht 105
Lt'^BEL (^r1.2r1.7:paB/11)
GPLOT —2."x6.3
LABEL, t+r1.2r1.'rL1i6•'ll)"1D DB"
PR IlIT "FLEW PLOT 4! I TH TN I S DRTA?
Pf?IIJT "1=YES"
IhIPU7 R
IF F' = 1 TH>:M i50
PPINT
ST^1P
;^Ehi 1'^,:a—! F^iP LrIE.^` HIDDEN
b^Ff •1 t` 3=1. FtIF'. LA^'f NTIT HTDU^H
IF ^.`fC I1)-5)>Y 1`HFIJ 1aa(j
7 • Ehi h}CT HII?11EtJ
TC I 1 ]w`r'
t.1-
t;itTC 1'SQ
F'Ehl f • f I I1DEt4
'fC 11 J=TC I 1 7_5
s'°1=1
t ' "' =C'i^C2
C'^=^ — 1 7.1•C1
F'LCJT !,^ Yr L'3
FtETUE`hl
f'f:^f^i IIEI^;h1T FHC'T^rF^ H ItETERhIItIES
F'F.h1 F[If? iC I.tEt. f}CtTE THAT ^+Ef?T.
F'ft'IfdT "TtiFUT HEIGHT FHCTuR"
1tIPldT H

8.3

PP•.EPPf2E PLOTTER"

THE N11. tiff ':+C:fiTlt:fiL F'Lu^' UlfIT;
TTt:f;	 Iif^F, S f^LCtT 11fJITS.

F'Ei^t RISE `,^AL.I_IE E. TS ^:UBTPRCTCii FRl:if •f Al.f_ CtAI'A E.,fMF t`'F'E E•'Lt:tTTltlt^.
f•'Ehl EI ^HC+I^LTJ CE NfzAR THE P1Itt. ACID ULIGHTL'f HIGHER',
F"^FThfT "Ihff= U1` BR^E VALUE"

wS'
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I
f

i"^^G '`titF'UT B
1;""fit r,^;t^i LIr'1IT ^^FiL>rJE ^^ THE ^.Irtrr It^d nr^ ^^'^vE TdiE' r^titt. r1k^t^,^E
S".'1 f«'kt^i ^itHIGH THE PLt±T itILL 8E OLIPE^EII 1F A ! t•itit,	 ,f'Tt;h ill^^,rJP^,
1^C;tt FEti:ItiT "IhiFU1` l,Tt9IT VALUE IN UB"
1 ^ q G IrrPCiT l.3
1-.611 La^^ItIT^L^!
i^°^1Ct ^^ET'Ixt!<'1t
it^2G ^•Tt^P
i i:;;+U Ft =1 tJ
1^+r4+ Fug»1;+^,4^
It%l°t't ^ a a

r+siFoIW ^,LM^1^N^

1F ; ' ' t ,lt d''1'TdiK,tt
1"741 '.•TtyiF'
1^.^r^41 d Et'1 i,I11ITIfr^
1'`^l+ t̀ + .nw^rC I^^ i a I 1. ^ is,O
1''i%^ Id	 I1^=N^ Tt1ElI 1°:+^1t°i
i'.^:;G Id' ;'	 , ^ Tai OR S+C t'^^•1, 1:1+1 7 1^^!'.1 '^ T5 THEN i :^^4i
1^:'lt :.'^T

1 ^ t `t:+ Ctrp

5.	 I'nwcx^ vG^^slis he:i.^;h>w ct.t n f:i.xccl t.rn^ j^:loi: ^^^^^^,rr4an

tal t'4 +rt XtIC;a1,iM3J,Ltf^#4^y,H3r1'1^rN^rS2rL^,R6,R71^^rH^:,E1,E4,E3,E4,E5
.'El FF. t 1 F't t ddCsF FLO1' VEi^T, ^0t23i11s01178
At41 Itlu4i
4Ei ItI'h1 T`^CI,1^7,T1^C3)
yti F'FItrT "1^Lt^CE IaRTR TAPE IN TAPE DF<IVE"
wr•t+ FFIrrT "FILE IJO. WHERE DATA iS ST(JkED^"

r;t IhtF'l1T F1
^u F(?Ttr'f "'d=ILE"iFi
i+t3 L>'̂1tiU	 Lrt'1TA F1
1ktG FFIItT l.!

15h F'F'2td't` "LOOFL START TIME" i M3+H3iii66i Tt
l^,^t FF'IftT "ftd. OF RE4ORDS="itJ3
1S1 ldF'ITE +';15a 164)S2rL2rAii
14iF' Ff7IttT "h1AfS IS"i1Ct^^L3 — S2)i"^DB ABOVE MIN,"
1E,::1 F^IhIT "RVE I3"i lEt^c:R6^S2)i "DB A80VE MIN."
lr^4 F4:tFt'ItiT "h1IFt y ", F5. .;:3tlr "t^RM= "rF6.2r3^ir "RVE=",FG.t2
l+aEt 'aChII.E — 8E3, T6^tr — 1 5, l f5
17Ct F'F''I ftT "N2^E'ROE ALT. _" i H2
i;^Ei F'dSINT "E'ECOhiMENDED PLOT PRkAhIETirRS'7 IaYESr6=t•{d"
^?tt[+ ItrF41T Ry
'..iti Gt'J',tJ(^ k$^1 OF 17^^J, 1836
'31 ^' F'F'INT "Bt'1'^E ="l3r "NEI'GHT="Ha "LIPiIT="L;^
^?1S F:Eh1 THf•"ESHOLD tS T5
^^0 TS='L^;S `1652

tit OFF^;ET !7, 6
3^3 f'LCtT ^ t 1 1 f r 4.
'224 LAEtEL a225 ► 1.2r1.7,6r8>'fl ) S2rL2rBrL3
2^5 FOF't9tiT "riIt1=",FS.2,3^5+"hlA^i="rF6.2r3nr"BASE=" r F5.2r3}{r"LIMEY=",F3.6r};r"DB"
a.3G FEtI

Fitt H1=H2
'W^ii TF.,^S^^ti^ 5•-IttTSi'13•''S);^
24^ TI`^-1c;°^^:t'Iw'15^If^1TC113Rr15'^)
2'-1'.. IF T^^Ct THEM 2q3
^: ^} 4 't r,^ ° cw^

t^`^15 1tT" f ^' tl THEM ^?47
^,}t, T?^:1^=
,:^1, Fdrr t ^>+T? LOtIE	 ^^^ fix,
,^„ ddra +t Iu	 ^

t+;^t	 4J•.''.^,(^^—T6^r5,CS—To#*S -^SIf^ITt^N3''r)^^25	 ^ ^,"°
',"r. Ir`, n r 1ta,G, 1	 ^^^^^	 `'.

• ^ ^ '^ti^'I	 Cta^,^C12r 
1.7at^t:5:• 1d)Tt	 '^'̂ ^^^; r

^"^^^	 `"	 t 165
,^, t+ r;tt;:I'• ii^5,—fa6rf^—T6)+^5
:"d" '.ii'.T''• lE)^,::r: t6—TbaxS, fo—T^a'a^S+s:It1TCt13.^55)^25
.,^t:+it 6'Et1 Hi:I GHT LfIBELS



8S

f'^"°"

"^3k^ F4lF' I i TL' ^^ STEP ^
.^ ► IF'i.^r p , 10 ,1
^ 411t l,tiE?tt, ?^, 1.Sr 1.7>Ctr#e°11®
^5^+ OPl,t7T —7r —0, 3
a^u Hi^Hi+3
S70 LNEEL 43b0r1.5r1.7,8r8/i! >H1
:aNt^ FORMNT F6.1
^'?^1 N^i^T I
^UU F'Et •1 TITLE

^#^;^ LRff=L f^+, 1.5, 1.7 ► 0r6+^11}Lf
q ;0 fiEt'i ;;N^{IS LRdEL
^#^10 FOF IS^Ia -T'7 To fJ3 STEP i3
4`^1 h1^4^-hir+IS-1
a7Q Pt,UT 5;+1 R - t ^ i
000 T^^'1U^a *H^+i^t^i+^#OxTNT4t94/6©)
^ilt.7 Lt^I;EL 4t, 1, 5:1.7,0>

5G0 Lt^OEL 45^0,1.2r1.+"r270r8^11}T6
;r^#0 FtiRt'iFfT F5.0

!.^^^ ttE.;T i5
5^k'+ F't<11 Ntt I S DGNE
05t^ l',O^^US S3u
G6u PF'Iht'1' °NEW PLOT? PREPARE PLOTTER"
3'^J PFINT "1^1'ES"
>^+34'f I FJPIJT R
^+t^0 IF Ra i THEN 190
;^ 1 t3 S^T'OP
S^;^a F'Eh1 PObJER b'S HEIGHT
'^^^+ F'EP1 TNIT. T NRRRY

+ ^t^+ FOR f'=1 To 12S
951 'fCJ4]=G
9+^0 MEr4T k:
:DSO FOR I1=1 TG N3
;^'?[+ OFFSE i 5+t I 1 r d
1L^00 F;E1'1 PLOT GNE t1INUTE
1010 REhi FIRST POI ► JT
iG2k^ +'.^=—i
ir^;0 T2.^0
i u40 GOSUI^ i'^0w
105^i 'cl n22
106© }iF4Z1 — B }^H
1 u70 5'=5
i08fi GOSUE 16F1[^
i1^90 FEM REMRINIf •JG POINTS
11+6 FOR I2p 1 TO 19
1 11 ^] GOSUB 1960
112£+ 5=422—Z1 }^'S
'1 .t^.t 'F'Eh1 5 = i4 INC. 6ETbJEEM PLOT POINTS
114E+ FOR I.3 =i TCi 5
S 15U 't'=I2?^5+I'
116Ct ;r.421—E+I^#85^H
1.i'r^ Gi^ y iJB 15k^C7
1 tt^ii PJE;tT I3
11'?^.̀1 ^1~22
1.u^^ i^tE?^T It
i'" 10 PEN
i:^Et iJEXT I i
is ^ OFFSET U: G
i:^rJ ^;NiSY^ 10u,H:^^^:i^,,aru+H
lu5u PLOT Si+G+4FI^ 2^, ii+sa, i
i:h0 LN6EL 4 *, 1.'x.:1. r,^.1a;^ol1:S
1270 CPLQT ^2 3^n
1GSU LNBr=L tfrl.^.°A. r'7UfSr'ii^+"lE+ DE."
12`30 F'ETUF.N
1572 :,TOP
i S?!7 F'EM ^"2=-1 FtiP ^1i^7 H I T1DEW
15Sr3 FEh1 C'^ = 1 FOF Ltr^'T MO't HIIIDEJJ
i a"Olt I F ? TC `^ 5—ti } e'i' THEf^J 166u
1 x.10 F'EI'1 N pT H I DIiErt

i ^^,^ GnTO t S>^,3
I r:5t3 FEPt H iUDEf^I



^Ob^ TC^^^TC41a^"^
ir^^'O t'i•i
i ei>30 C3 •C i tGC
1a90 C2 •t^-i)tCi
1'r 00 PLOT XrYrG3
1'10 RETURN
1;'13 REM HEIGHT FACTUR H UETERMINE5 THE 110, OF Hf1f^1Z^5NTAL PLOT UttIT'.^
iFY i6 REM FOR 16 D8. NOTE THAT HORIZ. TICfC5 ARE 2^ PLO'i UH1T^ APART.
ir20 PRINT " INPUT HEIGHT FRCTOR"
130 INPUT H
i;4O REM fjpSE VALUE B IS SUBTRACTED FROt'1 ALL DATA BEFORE PL^TTINO.
1 ^'^} i REP1 B HC4.'LU BE tIEAR THE MI11.
1i' g0 PRINT "INPUT BASE VALUE"
1raO INPUT B
1i'rt^ REM LIh1IT VALUE I2 THE LIMIT IN D8 AROVE THE hfTtd. FAR
ir`""1 REI1 IJNIrwH THE P1.0T WILL 8E CLIPPEU IF A i t'iIN^ aP1kE Or^^:UP^.
"d0 PRIIIT "INPUT LIMIT VALUE IN UB"

1 x''34! T NPUT L3
1^3U0 LS'•^1NTtL^>
iBiO RETURN
1{J^O 2T0P
t33O HMSO

i^t40 B•Sb+0.06
ik^50 L3 *A6 +0.2
iBoe RETURN
10?0 SYOP
1^1:^0 REM LIM1TIfiG
1900 i2 n DL I2+i r I 1 )P°10G
1910 IF L1 n N3 THEN iP40
1920 IF Z2 <• T5 OR UCt2+trIi+il.`117Q ;n T5 THEN 19au
1930 z2=TS
i9^0 RETURN
i y53 EN "u
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1# r^

/l ki }' ^ e tlki F`} ^;k^

Aklnttrn, D1. i's, t ► nfl S, A, f3a^^la.1], [1,^7G^, hoed 4ysxem ckos:k.k;n fox tha kjrl^tTna

:^na9ktaxont-^e.°^ttex r^uT1r Ti ►1C4nn^, ^a^vn. ^^^. t'^o. ^^, Aorart, Lub,, 1)o^T,

I.l.ac. ing., 11n^,v, ;Tl:k,, k)rk^t^r^a-Chnmpr^;^n.

Ap^^l,e;ean, k. V. nrtcl Dk. A. }'. k^7xna>~t (I^^S^, t^actrt ^ref,k,ect^.on a^ tvircle^5,^

waves fr.anT t)tQ rrppox ^tinosphere, N^^rtr^, ^rart^^., x:15, X3:3.

A^'tn^.5>uCT1cl, k>r . G. , ,1. V, k'vtrns n ►Ttk tV, A. i^e^,tk [107? , hlet^s^Treln^nt^ o.^ li-

znk ^J-xe};:k.o TT cicat°rao^t ^er^s^.t;;t.o5 kay the ^rreohaxeTl>M scTt'><:tG>v teehn^.tktro

a>r 1`k^.l,^.stone Ila.^.^, 1i'cz4^^^ ^"rs^;. 7, :153>^G^,

Asa, '(': , S, h`^to t^rtck 1{. Pk. It^xj:^,t; ^1.^77^ , Arec^,kaa ltt,tk^lla sttrttasl>hcxe ^xt^erx.^

nrent, ^:^'.ol`'3t^cT. li^^T. ^`^^^^., ^, 1, (J-12.

k3na.xc?y, l^ ^ K, , R. 13;tCemnn, ia. 1r , i3exknc^x, !k, G. I3Qakax, G: p . hbnt^ornox}µ,

t:. Ai. f'ttxecl^., W, kV, .Sr ► ],a.sl^ttry 4+ncl ^T, k3. W^.rsnex C1952^, Anew k^,na a

xacka pxc^pn^nt:i.an nl~ r^exy h^.^h £xc^treno.es ebsarv+ital.o avax l.ort^ <k;1; -

tr►ncrs, ^fs^^. ^i'a^s., ^;r^r^ ^^^r'c^I ^(^,, lA,l.-l.^i5.

f3,^^.1^y, i?. k., it. 13a +t:elntlil 4rrlcl R. C, Ka.xk^y r1955^, Racti.Q txnnsrna.,^s9.art nt ^rlikY

1,>y ^eittexa,n^ mn:i other nxocessn5 xn tkte lowox ^.anos^thixe, S^>rac. ^I^i't,',

^^'^ ^.181^-1,231.

l3alsley, 13. k3. ^1978n^ , I:)esa.^n car^si.ciex^^txans far caktex^nt x^nck^Tr sysreitts fox

F1xol^l.n^ tho trapasphea.•e, stxrlto^^^here, ttritl ntnsasphc^^e, i'repr.ii,TtGs, .1^1'^:ft

^ae^^zx^ M,tiltooa^. ^"draf., :387-•:SJO, ptrk^^a.sl^cck kay ATnax. hteteox^. Soy.

13it151cy, ki. 13. C1^^$b^ , `I'k^e ttsa o:> sensl.t.v^e coherent xrtciaxs to exantl,Tle

atntasphexa.c paxrTmetexs in the hca.ght ^ • nnse ^,-100 knt, }^^^a^^ra.nts, ,^8•ta^t

1i'cz^^ h1e^^'c^x'. ^"C^nf., 100103, ptib'l.a.shecl by ^n ►ex. ^etettx, SU6=s

13^t1.5i,+^y, i3. l^, , {P. i^. C,okltmci, k). A> C^►^xtex srnd P, h. ^7ohrtstr,.n ^1,970'J , '1"ltc

Pokex }p lat hiST r,ry cknx;	 ;E:k,xst r.esttX.ts, ^ov^?7^,t^^. lc^a. ^^^t., ^', ;r^i.^f?w^l.

}3rtl.sle}', 13. [?•. enel l?. 'C. l^^.xley [1^7G^, Atiraral g one wattd^ ci^etected nort:x the

txalio^atTSe wa.th hhe C1Tatn :i,k11 klFil^ ckoiai^lcx r.arlax, rrcT^'',^1^ a. Re'^3. It"^^.., 3,

s^^-^^s.

I^auex, }?., [', IVaa.dtictT^1'eJ, nnci C. Va.rtl.^.c (Y.97^^, 'I'i^e I^xeneh cit.taelxx,stn :C.i<C :irteo^-

hexenti Sc7^ tex ^Ilca.lity, Ii^C[^'Z=^ ^iT?7•, ^ ^,, ^7 -$3.

I31tt9.r, 0'. C., R. 14Y, f^^.va.s, Jxt [7Tlf^ [t. ^. h;x.xtaj > ^19(^1^, k^a^eek^.teney ^kea^eTtekertee

o:t ^'^-xe^a.an scattex:i.n^ rrt ^r liCr , ^T. ^c^^. NJ^f^, G^a,^, ^k17..^925,

13ookex• , ii. G. ar► d IV. f;	 C3orcia ►t ^].050^ , A titeoxy o>• xacia.a sc^I:ttcxx:'r^ a.tl Tito

^txapasl^}TOxe, ^^^^. ^^^ 3E^, ^k01-€#1^.

^^I•	 _	 — —_ ^^.__ t.. r._ —__.
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t3ow}trs, K. I/i [^`^5^], 4^h4a2'VUC^.Qn o:^ vQrt^ril :i,11C^.clett^Q ^^t1,tCtlr ^xeln tits

^.onosj^hQxQ ut ^}. birls^rc X^hyn. f^dv. I^^t9., ^, ^#^A^^SS.^

HewloS, K, 1, ^;1Jf1 ^ , Tna^horont senttc^x^n^ by ^xets c^ce^ron^ as ^ teelirt^.yt^

£ox sCttcly^n^ trie a.onosphaxa t ►nc1, a^cus^hoxe; some c^6^;t^z-vtZt^,ot^s nncl

t^^^°axet:ie^l, co^nsa.tfcsxat^.ons, ^1. d^r^Q. Nay, f35^, :L^-'1^,

13ew}es, }:i '1«, (1JG^1] , I>'ac^ti^ Watr^e a¢^ax ► n^ ^n °t;ltn ,x'^rl^^^^cz^c, A€^^e^^^^ '^r2

^'X=^e^t;rt^:c^ errt^ ,^'Ze^^xo>•► Phy^i^a, ^7, ^e^l ^ L. binx^ota ^ t^^^c^rn3.c ^xc^^,

New YU'^^, SS-7.76,

Gz^^ltowsky, P. , J'. K}.ostexmcycx, J, ►tcit^^e^c, R. )tiis^o^°, C, Scltnt^.cl^ t► t^^l R, }ri

fvc^c^4lrnx ► tt C:1.n76^ , ly he SC?^JSX-V ► 1F^xacinx £ox ^x^^^^-, s^x^izo-^ ^tttl m5o^}^}t^xa,c

^et.tr^din^;, Fxepxa,nts, .^^°t;h ^cze^czr ht^:^t;e:^r, Grmf., 3^1^-^^^17, j^^th}.a.^ll^c1 tzy

Amex, 1`1c^eox. Soc: i

^Ja^t^hcxty, J. n; ^Y'nc1 q ; "t'. FxnxJ.ey [},JG^^, ^ theary o^ a,tteohexertt scatt^x^.t^^

o^ x,acla.o waves ley ^ p^.a^stna, I^rcaet. 17oya^ Oft. A,, ^%^^, '^^^^^^
^x..t.„Y..^r	 rr	 r	 f't C^T7^	 Crtrrltinc ^ir^ r:^t^in transm^ssyon. e r . .TYt^^:; ^^^'^: ^,^12F^X+A.

t'.^^n^^e^r^J ?^, ^U5^A5A ,

M;G^C1.1111t1, W, Xi. , G3. A. ^;^lg'tC]` CltlC1 ^3	 !}, ^£^1S^.Cy (,^.^^^^ , (;Ot1t;^t11,1p ttS tftL'^15Llxt?1nCt1C

o^ t1^1^ex ^tmos}^}taxa.c wa,n^ls nncl tttx}rul;ettco tts}.n^ ^ Vtll^ do}j}t,1.ax x^lc^o.x:

pxcl.a,ma.t^trr.y xcstl}.ts, J'. A.tma^. ^'^x+r ,7^hyu., ^Ltl }^r,ess,

}ck^.urtcl, W+ i^«, n. A. Ctlxtex an^^^ K. ^. Grt^c C1^77^, Strtlt;^l<st^^; of ^.^1a }.c^wca^

^ttntos}^hexc w7.tafi t► noxtable ;iA-Dtliz coitarontr.ncl^x., J', ^,^t^^'r`tyr. I?crt,, ^K,

^^Jt^9-Ah7^. ,

^:cfw^xcis, f3, CJJ7A^ ^k^,^i,), Rcser►x^ch in Aexonpm^, A^r^}. l ^ ^ep^entt^ax 3Q, J,^7^,

Z'x^{^. IiCj^. 7^-^, Aexorti T+ti}^., nep. I;lec. I;n^;,, UnS.v, 1,}.1., ^ Uxt>trrta^»

C h atnpn;i: art .

;vans, J . V`. [Y967] (f;cf) , , Thomson Scuttex S^ttcf^.es o.E tftc ^.ot^os}^l^ex'e - art

a;rx£^xtna}. confer.eitce xecaxri, ,^exbr^, l^ep. No. x^, Aexon. I.;^:f^,, t7e^,

3;^.aci C'sng. , Ut1^.v, T1,1 , Urb^►nn-Cham^aa.^n.

I^,var ► s, ,7, V. r^,^6^:I , `i'he^axy ar^d pr,a.cta.crr o^ a.onos^haxo s^^uety icy `^"ham^^ aon

^cattex xnd^ix, T.aro^. ^"EE^' 57, q^G^^•53q,

I.Va17.5, J. M i ant.i 1~1. f.^oowent}1a1. [].^6Q^ , Tonnsj7her.a.c 1^ac.kscattex^ o}asex'V4rt}.ona,

^^ fp2f^'>i ^ ,SXJCtG^'^ ^ : q; , , .^ ^, 91. $ -^ ^ d. ,

1^J.o^k, W, L, rind i3, .fa. f3a;>.sley C.1J67^ , V}Ir xa <ftrx x^tuzns Exam the ^ ro^;xon

o;F the cc^tjaxoxa.al ^.anasS^hexe, J. C,eop^rys. h'es., i2, SS3"15541..

^^'



t3at

('xaxc_lort; W» t,. [1,a5A^, ^rtrwoh^e'^rtt^ s^h^^^^.',art^ o^ x»^d:i.o t^rxvos ^^^ !?r.4c ^;lertx^ ►ta

^w;tQp,^

/ j
j}

{

t rtp^.l, J...rmnt;^ons ^o s^n^^ c^ti^xnxatr^ort ^y x4i^f;^x, ^z^^sA ^RF, ^^^', 1.5^<I.^,

C,ax^Icrrt, Nf, 1;, nn^} t„ h1, I, 1 1,vnsl e [^,^(il^ , Tttr t14s;I.firt ^n^l ^a^)t^la.i.la.>aa.cs o1` rr^t

^,onsts^)It^r:i.c rcrci^r. pra y>a; x^+^rr^ra» ^^ik^, ^1^'^-^, `L'a„?u,

Gttecrt, 1; }.,, J, t1, W;r^rrtoc^k, it, }I, W3;rthl.ax tn^^'i', }'s, V^tnznrt^lt ^1^"^Ct^^,

^itti^C:^^s o^ w^^,rt^is :fin tlto tr^Z)cx ^xo^os^hrxo w1.th n. s^rts^,ta,vc Vllt r ;^ad^2',

(x4^r^, J, },.<, J, I+1. }V,^xr► o^k, ft, }I, Wrti`1ax art^l "i', l:; 1'^n2art4lx ^1^i51)^,

A scns^,^a.ve V}I}' r.rtrl^.r, !'ox tltc 5fittcly o:i" w^,ttcls, wnv^s art^l ^tx7'httlert^c art

tha txo^)os^haxo, st+x'r^tos^)Xtcxc sitd rnesos,^ltexo, Pxopx;^atGS, ^G^1t Rczr

/ fit[ y^ 1

^
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.` Soc . 

.y ^t	 i^+.q {^1
`7.4 \v 1^rk^low, 51t d^,^ ^:li ^i k7^^Mri :L .^, 7. ,1„C	 rZt^i lf, ^^,	 }^t11,. ^(1:^^rt c^	 ^,^, :, ^;7 ^J, '},}r'J lrry ^^w 1. J. E,/!^

s^7ttex';ir)^ C:x0^5^Sq ^t:i.ott ;i,rl ;Crloohaxcrtt ^)^1C^SCt ►:>3 t(^x, e^, 11Gtnc^rr, ^'C2^Y',

Szie^;oxy, ^, !3, ^1,ht^1 J , }t^^C1.a wa,vr, refa,oct^.ons :f'a^om the tne:^os^^hore; 	 x

II^a.^;}rtis of accr~rrxottae, J " C^c^^^a`h;/tr, It^^3,, G'G, c12^ - ^i^CS;

If^ta^^ax^, it, ri1; ^rt^} It; ^, iti'oo^im^rt ^1.977^, P.^a1^.m^,n^x>r rnul.t^.^^ta;^^}x^ x^clnx' ol)s^x^

vf^t:i,orts o:i= wn.vos ctncl w.^,nsls :i.tt the mosos^hexe ovex ,7:f.^^.tr^^xc^; 4^. A^r^^s,

^'c;xm, ^hw^t^,, ^^, JSJ^^JGS.

klrss, ^. C. ^rncl h^, A, Ge1,^,ox ^1.^7G^ , "i'}to l)rbatta metioox-xr ► elax systam, ^los9^n,

cCovolv^^rn^rlt, a.rtcl ,^:i.xs^r ot)saarwata.or^s, ^lcron, ,N^L^, Na, ^^, l^crott, i,^^).,

1)c^. }:l.ec. i;inF, , Una.v. 11,1. , , ltlxb^n41-Charrr^ y ,r.i.^;'n ,

Zo^rttr^^.c}a.s, G. ^.n^} I), "t'. }^n.xloy ^1^79') , }l:i.i;l) xaaalista.ort ^)- xe^;:^on mens>.rxornertt;a

aL Ar.ec^.t^o, ^a^iv ^^tc"v,, J, 1.51.157,

},,rrt^on^le, }„ M. (^1.^JfiG^, A shox^^ }^ulsa t>ackscnttex^ str~rcly of: the ;i.owcx a.ono^

s1^}texe, ^^^^^^:^^n t^cna^t^ ^^afv'1.^^ Zrt .1"c^r^QSpl^x^ ttr'tc^ ^x^^^^1^xt^, (}:clad

J`. l^xa.l^;^l,^an, NoxtIt }io1l.^ncl Pu}^1.f Go., Amster.dnrrr ra^r^c1 J; Wa,1oy E; Sons,

1Vew Yoxk, 51.55:21.

hend^tl)ac4ta^tci, R. i^, ^;l.JG7^ , 'I'ha SIt:C 1:00 b^l^ xnd^xt, ^;r). `}'^horr;ton scattcx sttrrla.es

o.^ the S.onosl^hexe - n:n 3.rt^oxntrtl, aonft^a;enc^ xecoxct, (l,cl.), J, 'fit . Iivsn7,

Aer^ai2, ^^ep. N^. :1^, Aexort, lard),, I)c}?, lsl.o^. End;., Utt;i.v, ]'1.1,,, lJxl)nna._

^}tarnhaa.E,)t, S^J-G5,

l^cacin^l)xa^nri, i2. la., M. J. }3a.xon, J, ^I^eta^icl:es ^i^rtrl iI. l^, }3^:^as ^C1.J7^^,

Cit^tn7t 7.ka., A1.aska., ac^rox^a^zone :i,ncc^i)exant;-scattex :fiaca.lz.ty, l^a^ti^ "t.^• ,,

^, 747-75(i .



;ttt

Millar, K. I.., S. A. j;owhi.l	 K. f'. G.i,hhs and :T. f). Counti^ytnar^ [19aS), f^i.r°st

maastrrcmr:nts of masosphcr:i.c ^^,rrtical ^^c oci.ti.cs ta^^ 1`Hh rad,rr at tcmher;ttc=

1 ,it .i Cucias , ;C'.^t'h`r^. _^e.3. ::^v^. , ^, 9.i^-9^i' .

\ai Curt, K. a1. ;tncl ,1. 13, h'.i.esner [..1.955) (I?cls} , '1`hc scatter propagation issua,

1'i.n^^t^, 1'. (;., I,. G. i.rtt£t and II, h'. Br.i.scoe [19(x0), Tonosl^hcri.c barkscrtttcr

ottsen^ati.on at 4a0 etc/s,	 '',e^h`!s. ^s., ^5', ?G^3-^63^.

I2asCOgi., I'. t^. anci S. r1. F;rwh.11 (] cJrS), Remote sans,ing of. the mesosphere

us;i,ng the J:i.eamarca :incoherent-scatter radar, ^;ert^^.. e^. j^c^. vQ,

:leron. Lab., I)ep. tilec. frog., IJnitr . I1.1., Orhana-Champaign.
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