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1. IN’-IROI>UC-I-ION

During the 1987 spring s[orm season wc used a
porublc I -W X-band CW Doppler molar m pmkx a mmado, a
funnel cloud. and J wall cloud In Oklahoma and Texas

(Blucslcin and Unruh, 1988), TlrIs sum dcvicc was used

during Ihc spring sIorm season in 198810 probe a wall cloud
In Texas The radar was ballcry powered snd highly
ponablc, and [bus convcnicn[ IrJ deploy from our chase
vchiclc The dcvicc scparatd [hc rcccdng and approaching

Doppler vclrmrics In real SU-OCand, while [hc r~dar was being
used. II allowed convcnicnl SICWO da[a rccordlng for Ia[cr

spccrral analysis and crpcralor monitoring of lhc Doppler
signals In JIcrco hcadphcrncs This aural monlloring, coupled
wi[h [hc case wl[h which an opcra[or can bc maincd 10

rccognlzc Ihc narwc of dsc signals hwd, made [hc radar vcr-y
cJsy 10 o~raIc reliably ad significantly crrhancd he quallfy

O( Ihc da~ bcmg rccadcd.

AI the cnd O( tic 191i8 spring season, [he radar wm
mcdifird 10 include FM-W ranging and prwcssing These

nxdifica[lons wccc based cm a unique combination of vldco

rccordln~ and FM chirp gcrscra[ion, which lncorpomtcd a
vldco carrrcra and rccordcr as m imcgral pan of II,C rad~

Af[cr m(xlfica[lon, the radar rcmrzrs its convcnlcn[ ~nablllly

and dIc opcra(lonal advanlagc of txirg able m Il$[cn 10 Ihc
I)opplcr fignals dsrccIly. _f%c orrginaJ nxchanlcal dcsi~n was
ur, affcc[cd by [hew addil]ons During lhc sumrl~r of ]98H,

IhI\ morlIficd dcwcc was USCII al [hc I-angnlull bboramry al

S(m’orro,” Ncw McAico In an Illcmpl 10 rr)casurc vrr[lcdl
t~mvccllvc flow In a [hundcr$[(mll

Wc can now ct)llccl [l~[a [hal Irrcludc, a\ a scqurnllal

111IIc $hmcd vIdco rcc.tml. a fmlrcslghl vIdr(J pIc lurr of Ihc

I.r[lalr lIclti IIf vIrw, Ihl (’W dnla Iahcn al ihc ht)rl~t~lll~l
\uccp IJIC of IIlc vl(lro $y$lcm, an:l Ctlllvrnll[}rlal (’W
Ih)[),.lrr 111~11rc\,,l[l~l(,rl SPr([ra 111IIlr [ Nf (’w “I(MIC ,)lc

~Jllallll~l~ll{lil\ l)t~plllrr vclrji!ry IS 11$ IIIj I U,[h ~11

ullalllllr$u(],l\ IJIIKC (>I 5 hIII Thc\c wltlrb~n[l \lgnal\ rife
lrtIIItlc(l III Vll$ ltIIIII,ll I(M I,llcr arli+lv\l\, JII~lll: wllll Illr
IIr IcIi; IcI\cIl lM~Ic\IIIIIl [II{ ltjrc\

1)1 !) I(; X( ~)K~ll)[ RA’110N5

.’1 Gcllcrd JCJIUICJ “1IIC Ill[hllfl( all,)rlj welt’ ~,{,1~, j

Ulltlllll( ,Il[rlll l): IIlr (111~111,11 {<)ll[ly,jra!btjrl (,I [,(II I- JII ICI (’i+’

lll\l II II IlrtIl lut I Y) tIIl ll.ll JlmIII, rrllc{lt,r\ (Ifl) f), tI,I\III~I

40 ~111, ,,,,,,, ,,,,, ~ O 1 ~111 l~~rr, !*,,!,), ,,1 f(,, ,,rf ,,, (),,,,, r(~ (,,, ,,

flllr~!t ,Illlltll!llllrl cri~ ltI\LIIC (II ,Il,llcrlfl,!!ljoh; ,\ (),1 X () I \

rrl llll\ lB<l\ (cllll,lll\\ all [I,r rlc lrttllt<\ ,,11,1 IIIC valbtb(i\

flkrllrc~ !III .11[.1, ~llrt), llIr ,lllr,l<,lll~r,l, IIlr tul!lull c .llll P\, elt
A rltttllrj II I(It It Itr, ! t>r I !Ilr IUIR \rll,r!,i!c\ IIIr IU II a!ttrll,l,r,

Illr llllr,tll\ lMIIN1l/r,l IiIllrtlIIu [rc(lf lrr l,ilwrr41 ft,I \lalcla):tr

“’1’1’’’’$1”11 llIr ,Ilrp,(l,tln ,,f I)ttl,rllf,ulltbrl 111.ty I,r

111,1,\ll:l, rll\ ,I{llil,lr,l I(II r,I, 11 Irc(t ,!l[ll!! 11,,11!ll, , II M. 1111(,1(11!11

i,lllll!!( Ilr Ill,llfr l,ll!l, ll\ 1,1 ltlr flcl, l 11111.II L.lj,r In!! 1!,
Ilu, lllllral ,,,1 ,,, <,,,,c, ,,, t,, ,,, l /,, ,,, , ,!, ,,, ,1, l,lkt I , ,1,,,,,,,,,1 I), r
,1, ,,(!, ,,l 1,1 ,1(1,11,r,,, l 1111 ,, II II, II IcIII, III Nl\I II II I (Ir,ll, llllc
IMlh)l, ll [1,, ,,,, ,,, , ,<, [,, ,,]1, ,1 Ihllk 111!)1, ,11 1!11 ,1 . 1,,, 1,,1 1, ,1)!,!

1,, ,l\ 1,1, 1!1.

All of [hc clccrronlc$, lflL’]Udlng (hc assmla[cd VIJC()

camera and rccordlng dcvlccs. arc ba[tcry powered The
mckr.r IIsclf is powered by a 12-V baltcry Fach whi(. h allowj

continuous opera[ion for 3 104 hours and can bc rcchugcd
mmplcrcly in a comparable Iti.

Dcwumcn[a[ion of tic rccordcd da[a is panlculul)
convcnicn[ wllh Ibis syslcm, The Fhl-CW dala arc
dmumcn[ed directly on Ihc v]dco [ape by Ihc a~socla[cd
brcsigh[ vldco images, which can Include a dale and (lrl~c

s[amp. During [hc [Imc when FM-CW data arc bclng
rccordc~. lhc s[crco aud]o channels of lhc porrablc VIIS
recorder may bc used 10 record spoken commcrrtary

describing Ihc sccnc, special circums[ancc., CIC
Convcn[ioml CW Doppler audio signals may bc ruordcd on

[hc sIcrm audio channels of Ihc ponab]c VHS rccordcr when

tic radar FM ramp IS disabled, while r.bc video borcsl~h[
view and da[c/[imc smrrrp can Ix simultaneously rrxordcd for

continuing dcmnrmcnlalicm. The way in which Ihcsc mm_fc\
arc us.d in Ihc Frcld rtmains under tic conrmd of rflc operator

who mus[ wlecI cilhcr [hc CW or FM-CW mmjcs manuall)

II would bc c~sy 10 make Ihls func[lon aulomallc, choosing
fixed umc intervals for FM. CW, wdco borcslgh! plc[urc\,
and CW/borcsighl pic!urcs, Un(il wc have more cxpcncncr

ob[ainmg mcasurcmcn[s in (hc flcld, ii xcnls WISC 10 allov.

Ihc opcra[or 10 choose which Iypc o(daIz 10 mkc cm the bas I\

of whal is being observed visually,
22 m~ The IIncaz FM rnodulal]crn ●nd
I.ouncr r.ransfomr da[a arIIly$I$ suhcmc used in our rfcs Ipn
have been rjcscnbcd try Chidwlck and S[rauch (1979), wfI,,

have shown very clearly how ItJ pr~c$s I’M-CW SI~IIJl\

from d]s(rlbutcd largcls Rarlw rclurn$ fro[l) a Con[lnuotli
Scrlc% of IM rarnp$ Jrc I l)urlcr lran$f(lrlllclj 10 llltI\r,ir

~lwc[rd In forma[lon ]n which cJch t~f ~ ~cr]cs of ral~pc lIIII\
([~lllaln> Illc c{)lnplclc \llccd spct lrUIII (~ml(l} 4 and ) (II ttI, rI
p~rt of the rlls[rllju[cd larfr[ wr[tllrl a ran~r hln I J, II
\pcclrurll I\ ccl]lrrc(i t}II [IIC jtI LJIIc(I ICI(I vcltn III IMIIIII

?7V11) ,yI [tic CC II ICI (If rl\ rJn~c hIII l’f Ic\c ‘7V1’\t~{ur Ill Illr

I (Iurlcr [rnrl,lorlr] al lj~l!llt)nl[\ i~f IIIr I Al r.illl~, rcl~llll,,rl

flrtlucrl[ \ “1IIC rcl.lllt~l\\hlp\ lKt WCCII Ilic If lIJI.i II IrICI\

(I JIIII1 IIC;IIXI, IIllillr[ r.rlc, cl, ) af)ll ttIc aII,Il)\I\ lj,ir,lll\clcl\

II)llll)lwr of 1,1111111Illtxr.,..rtl. Illr Kv{lill,l frr,l~lrllt }, rlllllll,rl

1)1( ll,lnllrl\ :Illrl Iltlllllwl of \il. CC\\l\C 1,1111l,\ llllu. C\\ C(f, CII I

;Irc (Icfirl} wl ~1111Ill [Ilr rll\t tl\\lrlll III ( ‘l 1,1,lv. It h arl,! jlr,iil, II

(]() /9) A\ III-} II,r!!li,,,!, IIIC$C \IIlllllc ICI JIIIIIIJ}III1. 111.l~r II

\C1v C,\\\ l{ltlrjll.11 JI1 lll\[lLlltlcrl( ‘.+lI{)\c {l,,ll,lclrl,$ll,\ c .,,)

Ir I.lll(llr(l I()(hc $Iw, Ill, I,lrk, rl Aplllli ,111,,11

llCCJll\r Ill (1111 IIIlr Tr\l III sr\r Ir \l,\llrl\ \lwt If I,,Ill\

Wllll (I(l(l(li ,Illtl ltllli,lkf<l itvl[l(r{, UC u.illlctl ((b (Il)l,llrl .r lIICt
1111,llllll~:(llluf Ihllllllcl \rl!M 11} llII\ (IIIIC, ll\r Irtliiltr+ .I

1111,11lrlw[ll IIIt I lIrtl IIr III \ l\Il Illr I h! 111111111,I.iltlll ( )lll.l It II III

I’IMMI I.lllj:r sIIl\l <Iwr(l fr\191illlt!ll Illrtl IC{IIIIIC,, . I.11},

II I-I,-, lIt IIl I,,lrl(lul,llll ,111,1 ,1 1,111.r rnllllllbrr III \lIc, 11.11 t t ,I(ltlrl

Ill Itlr J1l.ll\/r, l ll.ll, r Il!r II,,, r \rl, r, 11111(,1 1,1 Illc I ,,llllfl

11.! ll\ltlllll 111(1,,1 III, 111,lc llIr lr, rliril,l, rl,l !Il,lrl J LiI), r 11111111*I

III s.II I,r.. ,.l\r r.tlrl[u llIr ,r,l,l,(r(l lI,r IIfl\I. l(llll I,irv. r II I,tll.

lml, r Illr (1(1,1111111),11, ,11, [~,,l,lIlrI lICtl(Ir IIL \ Ilrllr, III. I>tr 1111,tI

!’! I.lll\, r 11111,. ,1( ,! 11(.(! III 11111 $ ,r, r 1111,\r (1,11 .l#lrl. \ll ,11

Ir,lllllrll ,1 11.11141NI,1111 tIl II IHIII I (Ill, \\lll,ll 1 111111 III 1



record in [he f]cld with por[ablc insmumcn[allon. Video
rwording Technology appcand 10 be rhc sppropnalc choice,

and dus promp[d a consideraricn of recording ‘Ac radar data

in VHS format.
For m X-band radar, an FM ramp frquency of ls

kllz is required 10 provide mrr unambiguous Doppler

frqucncy of approximamly lCNI ms”l. By coincidence, [hc
horizontal sweep frqucncy of stmdard video is 15.750 k}iz.

Thus, onc can usc 15.750 kHz u lhc radar ramp frequency,
record Ihc radar rctum signal from a single FM ramp as one
honzorr[al Iinc of [hc video field, and ob[ain more [ban 256
SUCCCSSIVC data records in a single field. These fonuimus
cucurmu.nces have lcd [o lhc desig~ described bdow. G\vcn
IISIS fixed ramp frequency, the o[hcr parameter choices 10 bc

made involve [hc maximum unambiguous range and [hc
numtxmof dlgl[izd {~au proms during each ramp

We have chosen an unambiguous range of 5 km, well

wl[hln Ihc cffcc[lvc range of [hc radar for Iyp Ical
mc[corologlcal Iargc[s, and 128 dlgl[izcd pin[s for each

ramp. The rddar chamc(cnsncs rcsultmg from Ihcsc cholccs
arc : 1) Thr 5 km range IS dlvldcd Irrlo 64 bins, each 7fl m
drop, 2) The unambiguous Doppler vcloc I[y spccwum sp~ns

(rem .115 [o +1 IS msl In each range bin; 3) The cf(cc(ivc

dury cycle for largc[s al 5 km IS 049, 4) A ume scncs of
12K X 128 = 16k da[a poln[s(wl[h a IQyquls[ sampllng of 2)
In an Ff=[’rclwnsan Kk ch~nncl spectrum ]rl which Ihcrc MC

12H channels ~r rmgc hln, glvlng a Doppler rcsolul)on of

I 8 ms Iuhwsncl 1,

3 CIRCUIT [) I”.SCRIM1OS

A Slmpllficd bl(wk dlograrn of [hc ridu IJ $hourl Irl

Flg 1 The 10-GIIZ uwllla[or If a cavl!y rrsounlcd (iunn
dlodc. cho~cn for I(}* sldct,md no)sc II IS dnvcn h} iI rarllp

gcncrwor [ha[ Includrf [hc comwnsa[mn rcqulrcd m llnrarl~r

[hc frcqucrwy sweep ‘1’hls rrilcrowisvc slgnat is ?rnp]lficd [(}
1 W’ and appl]cd 1[} ()]c [ransm][ anlcnna feed [hrt)u~h d

rmcrmvuvc a![cnu~lc~r The opcra[[lr can rcducr [hc radlalcd
power lCVCI fur [~rgc[~ wr[h high rcflc~.[lvlly Rccclir,l
signals arc arnpll(lc(i tl} a I(IW nulsc, SOIKI S\J{C mlClo~;i\~

ampllfwr (U1 cIII galr], 4 d]] N I ) and (Iclc(lr(j dlrr~[l\ t,}

h{m~(~l)nc quadra[urc mlxcr$ l’hc audl(~ and v]dco \)~l).Il\
fr[,ni Ihc I and (J rlll~crt arc arllpllflcfl t~v vc~ I(,w II,, IjC

[~pcr,ll)t~ll:ll alllllllflcr( ullh c~crl~[l(]n~l yJlrl II JII(IUI(IIII

pcrf(lllll,lll(c (l’lC\\} SI f(,l(’) “1’hc ovcl~ll rr(clvcl rl,il\r

IIrurc I\ rjirnrl,lll~ tlrlrrrlllrlr(i h} [hc IIIp III rlijill,U,i\c

.lIllphllcl

111 ltIc 1 il (’~$’ Illtklc, [lIc I all(! (.I rlll~cr ilyll,lli ;Ilc
f(llllrllr[l Ill iI lIIU lIIIl\r ul(lctl,lfl(l allllllllifr 1(I ~jr(,il(lr Illc
rci~ullc(! Inll(il Icvcl l(If Itlc vl(lc(l rc~(~r(llrlg \\\lcrll “1tlr

.irli~lllflrr III( luIlf\ d lll~tl lT.l\\ Illlcr Ill:tl ~lrllil(lri III(

Ill(lc,l\r\l ~’,1111 ill 111~’11 llr(l\lrn Llr\ Ic(l(lllc(l !l~ 14111) ’(’

((11111lcll\.l [1(,11 Ilir\r \I},lI,ll\ arc CIIIlbcrlr(l 1111,, (l.lll I!.llil

vll\ (!1!111,!1 \)\ll\), ll!)ll /111)1,11 ,!1)(! Vcll, (,ll \)l)( \l),ll,ll.

tlr-II\cil II IPIII IIIC Il(llc,.ij,tlt (.llllcr,l I >)<II 11111111,rllll Illlr

LIIII\I\ l,, tlf III. Ir,rlir,l \,j,f\,Il fr,,rl) ,111 II 1(1I\ 1,1II, Il I kl l,Ilm~,

A Ir,rlllr SUIII II ,dlIIu. ltIr 411k-I,Itt II II rr,cl[(l mll Irl III( I.,(! II

11,11,1III J l. IIr, Ij,l Ilj III IIllr 1111Illr i’11~ I,l[r

Il)r \l),ll.11 lt~lrtj, lr, IIl,lr,l { ,11, ,11., IN \ll-< !,! 1111 .I

(111.111 11,111cl\ ll<\\krlr~l \i,lr{, II WPIIII(, I, 111,,\ 111III,, 11,r c IM. 1,(1,81

u]lt, ,, I,IC,III. (If LrIIt\IIIj, II, r tlII, IIIl\ III I)IV (1.ltt .II)II (,1

,lll,llll,lll\l.1, l,lr, 11111, lll~, Illr ,,1 ,11,1, lrll .,11( ,, ,)1 11,(’ 1,11~,1 I 11,

1,1! I Illr W1l.11 ,Il,lw,ll.lll!r II 1,1! !,11 (1.11.l Ill il(l,.1, IL II I’I .11 1,

II 1111V 111111, ll\r (),, ( ,,, ,, I.,, ... l, ,,., ,1,,,,,, (1, ! ( ,<(([,,1

lr. ,l!IIIC ,11 II I,. 1,11~,,.I l,\ lh.ILIII/, ,11 1111 \I, II, Il ,lll,il\ III 1’,

1,1,111 (1,11,1

Ill Ill, ~ 1{ 1,1.11 Ill. 1,1!1,1 ~’rll,l,lll I 111.111,,1,1111

Ill, I ,111,1 I Ill IP,,I I, I,lj III, ,,1, ,,1, )j, llr, r(l 11,1!( ,1,1( .1 $(1 <1,1118:

‘Jfl” ,11111811 l,ll. I I ,1 Ilrl \(llllll~ ,1,!!! ,, ,1,1,,, [,1, , 11,{ l.~,1

‘1! ,111 1,1!,’ 11’( ,1,1, I ,<141111 ,8(, !!1 11,( ,,, , , ,,f ,1,,

1}11 jlll .1, Ii )8! [1(, >( ‘81((I)’ 1( 1 <1,8811, ,,!; )11O1( ,,, ,! I!l!

,!; ,,,1 ,,)(, l,!, !l, ,1,,,, Ill, “1’,! 11’ ,,, ,1,,.,, ,,1,,11, <, l,,

It !11$1 (1:8 ,! .1’! ,7, 11,t 1,( !,! :,11( 1, !, ,1! II’ ,1,1,

Llsicrring 10 lhc audio dala in [hc headphones pro~idc~ [hc
opcrmol wllh a unlquc mc[hd of “wclng” whal lhc radar ii
dciccring. It alIows om 10 carcfull> ccnw the rack beam on
fca[urcs being measured and [o search through the field of
view for rcglons of rnlcrcsl

e—,

4 I’I’PIORMAN(T O1; Till S> ’Sll:hl

l%c dyndrl]lc r,in:c t~f lhl\ [fcvlcc )$ (wcr 70 dll, ril:lt II

Ixncr IIIJH C’Jn h rc(’twcrcd from IIK d~m rcc[J[dlng\ [11

[yplcJl il~l~l(~vnlcnl \Ilu311tm\, ~r[)urld clullcr and dlrcil

Icaha[c cflcc~s bctwccn (rao~ml~lcr and rccctvcr Jrc I!v+
cm)uph ltl~[ rcuclvcr rlt~lsc ~lcrf(}rlllJncc ;j nw al)prc( l~tll~

degraded f CJLaKC cffr([~ cao cJ\lly I-Ic dc[cnnlnr:! in IIIC

flfl(l h) lCLIIIt IIIg lhc u~n\llllllr,! p,~ucr Ir] Ihc (“M rll, klr’

wlulr [~hwlvlll), lbc dcleclc(l ntusr fltxlr (lf lflc rwllir

l{c LJu\c (If Iflr llnlll.lll(,ll\ (If lhc lc((~(dlllg (lr~lic ,. 1,
I\ c\lwc I.Ill\ llrl~u.lrl.lrll I(I KI [tic lc((~l[!cl ~illrl\ L’:ll CILlll\ \I,

111!11lhr r~llllr rt(!l\r fl,xlr I\ ]Il{IIIrIl\ lcl.[tml~l{r[l III ltlr ( ‘ii

II1(MIC, a Ic( Ililrt! ~f\li.11111~ r~n~,c (If t~\cr ‘I() (Ill I\ l~)\,.lt\l!

*1111 il 111~,11i!Ll,llIl, 1.II% rctllrtlcr, llrll\r(lc(! Illc lr~illllcl iltH,

rlill lIJ\, r III JIIIIIIII,IIIt ~.1111 ~(11, rIIIl IA(i(’I Ill Illr 1 hl ( it

Ill, w\r, Illc (flll \ lrilv(llll)\ AI(’ Ilulmr- Illllllr(l Illclr .Ilr Will,ll

t!rlclcrl(,ll, r,lri Ii l,~illllll~’ 11(,11) Itir (tl,il,l(lcrlill, \ \Il \Ltl(O
lr,(,l(lrl\ \ \tl,-t, !rko!!tlcl\ ll),!,[~~<,l,t[r J forll) t!l Al ,(

WfIilc (IIIJ lr,IIIIIr lcl II II. 1,1 lll,l\IIIII/r Il\I1.11111( r,ill),t .IIIII tll

IIIC lII_IIrl IL III t 111.L I III ICIII. I IIIj, (I%rll<,,lkl 111.1,11111111 III 1111

Irc,lllrt! 11.11,1 Illr rllr, lIIc ),.1111 III (IIC I.I,!,II /\\lrlll <,111

c t,.(ll),r w ,.I~l\,rl lr\f I ,111,! Ilrll !lci\l (llll\cl rllciwtll$llj, l

Ill,lbll l,, II 111)11, !,11’1[ 1, I ,Illl,wllr llIr I.lll ,11 I Ill, !$111,

1,1.111,! ,.l, (! 11,,1 11,1(1 ,1, ,,, t ,1!1 I,r Iftc \llr .,1 11,,,11 ,11 t,

,r, ,>1,1,1,,,. I’llll(. I III< II, III ,Il$l]llll,tll,r 1111 1111~11111111
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Founcr transform data [ogc[hcr (add]ng !6 or 32 uarrsforms)
m order [o improve [hc signal/nolsc of [hc Doppler spccuum

Both channels (+ and Doppler shif[s) arc cap[ured and

analyzed Iogcr_hcr
Tlw vldco rcmrcbngs O( FM-CW da[a arc dlpu:od by

mcarrs of an 8-bl[ video frame grabber. The 32k nunlbcrs
gcncrawd by lhls dcvlcc m passed [o a compulcr m a folma[
u!h]ch sirnpl) ap~nds each hori~l~ hnc of 128 number: [t}

[hc previous [Inc. d]rcc[l} pmducin~ lhc lime scrrcs rcqui]cd

(or tic Fourrcr uansfmrn WC aclually usc only 16L of dli~

rm-nrd, i.e., one half-field. Nlos[ rcrordmgs arc con[amlna[cd

h! ~cry low frequency signals (rem ground clu[[er clos.c m
[hc mcfm. These us_IaJly show up as nearly Imcar Incrcosmg
or decreasing signals supcrlmposcd on [hc data In each
Isorizonral l]nc Bccausc of tic abrup[ shscon[]nul[y In [hcsc

clu[[cr s]gnal; al tic cnd of each FM ramp, [hc Fc]urlcr

oansfocm oflcn con[ains much hlghcr spcoaJ In[cnsl[y al lhc

ZVP poln[s (al harmonics O( [he FM ramp rcpc[l[i~)n
frqucncy) tian IS dcsmablc SpcCrTaJ broadcn~ng from [hc
wlndowlng used in Ihc Ilmc scncs can obscure lhc Io*

vcloc][y paJt of each Dopp!cr spcc;run~ Wc u$r a

prcprwcssmg program uhlch rcrrmvcs [hcsc low .frcqucnc’y

componcn[$ from [hc da[a I_mforc [hc Founcr man\lcmn I\
cnmpulcd

During [hc surmmcr of 1988. Ihls syslcm ua~ used
f. icfly al [hc Langmulr btmramry near Socorrl), h’cw

MCXICO m an ancrnp[ 10 rr)asurc vcrocaJ convcrIIvc nm[)(m In

a Ihundcrs[cmm I%c FM-CW’ rcsulls shown bclou were
rsbwncd aI hc lah)mmy al an clcvabon of over 31.50 m fr(m]
a slot-m which was bcglnnlng m dlsslpalc N(J upu~rd

cony>cclion was dclcc(cd 10 a hc]gh[ of 5 Lm. wh]ch wJ\

bcvond the hc]Fhl JI which prcclpl[a[lon could hc \crn
Flgurc 2 shows an example of the rcsul[s for J rc~lt]rr :ilxl\c
gn~urti Icvcl In which m’cr-ii[c prccrp]u[](m wiL\ fJllIIlg
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rcqulrcd 10 record (hc slnglc \ldco FIclci Onc can scc Iha[ [he
downward vclooIy of [hc prcclp]ta[ion hcs In rhc r~gc bck~w

10 ins-l. There appear [o k two d]s!inc! [crminal speed.
w][h~n [hc prccipl[a[)on A scncs of such graphs shows [he

evolution in [Imc of [hc prcclpl[arion rcflw[iv][y and spd ~’~
hclgh[. The radar gcncra[cs [hc dau for such an 13k spc:u~l

d]splay ever-y 1/60 s The amounl of data wh)ch COUIO bc

digi[izcd and analyzed IS enormous and highlj redund~nl
Rcsrrun[ and sclccIIvIIy m tic analysis prmcss arc ncccssary

Figure 2 also cxhlbl[s some of Ihc dlf(lcul[]c~
rcsul[mg from [hc usc of a vldco rccordcr The recovcrcd

dynamic range IS clearly nm VCrY grca[ II may bc lmprovcd
substantially by averaging [ogc\hcr spccma from several
SUCCCSSIVC vldco fields The ]nlermcdula[!on dlslofllon

appears as [hc broad, IOW-ICVCI rcspnscs near 50 ins”] on

Mh sldcs of [hc spectra near LFICm)ddJc of IJSCploI. These
spurious cffcc[s arc found ad:accnl 10 L\c largcs I componcn[s
In Ihc spccmsm, so that [he! do no[ obwurc basic SpCCIril

fcalurcs w]thln rcglons of high rcflccllvlly. WC arc
nl[cmpr]ng 10 filial wa!s of rcduclng [hcsc cffcc:s (c g , hy
using frequency-modulalcd video signals O( con~(anl

wnpll[udc) ~’c hope IC) find nays of si~nlhcan(ly lmpro\lng
dw pcficrmsancc of [hc v]dc(~ rccordng before rhc 19W sloml

=ason.

Wc arc picas.cd m a~lmowl.dgc the cncouragcmcn[

and suppm rccclvcd from C J Umbargcr and Group N!EI;
3, ~nd for IbC flnanclol azjlj!~nc? from ESS 10, [hc (3[’1’.

and AD ERA al 1.OS Alamt)s WC arc gralcful for Ihc

c[x)~ra[lvc cfforl WIdI l%[)f [~~v]d Raymond al Ihc bngrlluu

l~hw~lory
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