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Coherent narrowhand infrared radar ruturns from a rotating target mounted
nl It fi'oed pedestal were aivilyzed. The data were recorded using -the Fire-

pond radar facility with smatll -apertu re transmitting and receiving antennas,

the target was located at a range of 5 km. The amplitude distributions of the

target returns were compared with those from a spherical mirror.
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1. INTRODUDICTIO.N

l11t Virtipond inirartid radar' is 1 1 0.0-1111 w;1% i'iength mninsiatic raidar that, in its normal
Coll rigu ration, radiates and rov'eivvs via a 48-in. -dia, stecr'ulile anttennha. When ohsor'i'ng tar-

gets at long range, the I'a1040ii5510n usually c~onsists (ii a cohistaftit- frelq tiv'fey pullse Of I-11mSec

duIIration, with :I pill re Ii' ,titiofl liriod of' 10 isve. 'This duty c'yce Icor oil(' il four' allows thle

l'etUNI'n to Ie l'eeejv'd With the sanile antihina, du11i'ig the transni-llt intei-pulst' ititt't'yal, anfd to be

sel't'(Iioul) the tranlsmnitte'd signal hly a Izotatting muIltiplvxt disk. This technique cannot be

USPi't fol' II nLeast't('ln('nt Onl mlodels at short range (saly 1i km i, h'aleof the Short, tim-e delay
betweenl trvansmissionl and(- reception. F/or short range meausuremionts, it bistatic radar config-

Or~ationl is pr'(fel'L'd since, tiie tlunsnillt and rceivJ e paths ale separate and require. no multi-

plexinig. Such a his ta'ic myst em wats sit upi at thit,' Viteplld I:C1II~ty a~nd Used Onl SeVeral occa-

sos to ervo ii t he' rtu l'11 fr'onl models.

A. itidadr t ont'iguzat ion

I'the configuration of tilt, raIdar tranislllitt ing and r'ceiving systems for these measurements

as US I'olloWS Tile O~ltimit of tile 1-kkkW transmlitter amlplifier (Operatinug At reduced power) was

di±'eCtt'd, Vin, a se ie offa? 2il0-,l)t the to[)jo UI:: F!z:ozd a :z::za tw zr nd:ro
thre to the target at a range of 5 kmi. Thie returned signlal was similarly transferred, via a

separate se o' irrrrontetpo h oe otercie oeetdtco.TII

Only lenis ilite System was associated with the det ector. The diameter of the transmitted beam

was approximately 5 cm.

lFor a heami of uniform intitntsity, till', hall1-power beamwidthl would be 0.22 mrad, giving a
ileam diamevter of' 1.1 Iin at a rainge of 5 kml. 'The p)OWL't in the actual beam was concentrated

towvard timi centeýr, so till' act-ual diamieter at tue target was pr ilaily 1 .5 to 2.0 times this fig-

ure. This hearn was comparable with thle size oIf tile target, so some variation in field stre-Lith

oVer the( targ't was expetcted, Tile transnlttted beam was linearly plolarized, arid the detector

Was jIOIftli7.aItiOnl sensitive and was adjusted for, maximium se-nsitivity on thle return from a cor..

ti'll' tra nsmiission was onatinuouIS anld time received signal was coherently detected, digitized,

and reccorded. 'Ihel samplitng rate, and tile number of contiguous samples processed, were de-

teri'ineii tI tile D oppler spread expecteýd in thle particular test and the Doppler resolution desired.

Althlougil tilt z'aciar configuration was bistatic, tile distance of' approximately 1 m between the

trlansmitting and i('cl'iving ports was small compared to tile 5-kmi range to the target, hence thle

analysis of the returns was performed as if the radar had been mionostatic.

tilt 1. Targot Chanracteristics

The target used for' the experiments rejlortect here was a scale model of a rocket body with

re-entry veihicle attacimed. Figure 1 is an outline drawing with dimensions, and Fig. 2 is a pho-

tograph of' thle model. TPhe model differed from the drawing in that only one of the velrnier motors

and one of the translation motors were present. 'T'he vernier motor was mounted inside the rear

end of the cylinder and protruded beyond thle rear edge. 'Ihel RV model appears to have been

fabricated from aluminum alloy pllate and finished by machining on a lathe. Thle surface rough-

ness on ill the V model was ap~proximately Ito 2 tim for the sphier'ical nose and 3 to 4 fim for

tile conical section, 'rile foremost conical section of till rocket. body model was also turned and

had aI surface roughniess somewhat in excess (If 5 fim. 'rhe remainder of tile body did not shlow
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manchining marks hut ill enrod to hanve hueni thoroughly illraidud with fine abrasivu paper.Th

mlain tongi tue.lt ic hd hboon ture Lfilwith n r'oughness in oxcuss or 1; tim,
Sinice tilt nmaterials ust'd in the construction of thlt model, aind the surfuve finish obtained,

We i't. lit fet llt~ trint t hose or the fiti I-sivze object, Iwo !lift, rtnus hanve biven drawn front this anal -

ysis re~garding tilk. possible returns from thlt full-size obJect.
Thcile odel wvas mlotinted oil two vortical supports with thet translator mnotor in the same hor-

ivonital plann' os thet hody axiq. Tite supports weore attncbed to a turntablu which was rotated

about a vol'tiral axis at a uniform velocity nihe direction or' rotation war clockwise from the
top, and thlt radar lint- of sight (HIOS) wa,4 approximately horizontal.

11. RtOTATING MvODiIA. E.Xl'ERIN'rN n~ oc'rointi 1970

A, R~etur'ns teeml ill(., Ilody

Figure i Shows a tppe-li-nenty(l)TD displaly of thle Doppler spectrum of thle re-

turns tiotti 1,11v model. Titus' datai were recorded on 22 October 1976 (day 296), The rotation

vate of the t6rntable was 2 rpm, fthe sampling interval was 10 tisec, and groups of 800 samples

weure taken at a spacing of 32 misec. This gave a Doppler resolution of M7 liz with Ilamming

weighting, equiivallent to a cross-range resolution of 8.6 mim. The longitudinal lines drawn on

the DTI' were generated by a simulation program and represent the expected Doppler freqoen-
ties of, a nontttel of bodY features. At thle bottom of Fig. 3, starting from the left, these lines

t'epre.eunt in order, i to' polint of reflertion onl the nose sphtere, the junction of the nose sphere

anld the' RV conle, the Junction of Ithe R V and thet first cone on thle, hod, thle function of thle first
and1L secouti bod , cores, tile Junction of the second conec and thle tvlinder, the end of the cylinder,
and the reat' edge of the nozz,,le, As thle model passed through thet- zero aspect position (nose

towards r-adar), dii'- nose return persisted while other returns desappeared to reappear on the

other side. Thew shielding of the body features was simulated to a limnited extent in thle simula-

lieul programl.

After zero aspect, lines corresponding to two additional discrete scatterers on the side of

th licylilidetr arc shown. TtheSe rct'tsent the nozzvle of thet translator motor and thle front end
or n' c ab),, (tuct . A weak consistent return canl be seen to the- right of the simulated translator

mlotor rtin;.111 this niisalignnient indicates a small error in the placement of this feature. A

weaker reoturn is coincident with the cable duct line. The transverse lines on this figure reo-

re(sent the positious ot' thlt cylindrical and conic surfaces wheon they are perpendicular to the

ill 0S. FOL~ ttire's not mlodele1d inl the simulation [a1e thle 7zeio-frequency return from the mount

aInd surrounding objects and thev supporting strut whose return is visible to the right of center

inl thle lowe~r par~t of Fig. 3.

The DTI1 i- chanracterized chiefly by the identifiable surface returns. The cylinder surface

gaqve a return which was generailly low in amiplitude except. in thec region from 8 deg before the

broadside position to 8 deg after. [Fie amplitude of the returns from each of the three cones

passedl thro.ugh a maximum, when their surfaces were perpendicular to thle HLIOS but each alsoe

showed sonic degree of asymmetry. Note that discrete i-eturns were not generated by the junc-

tions of these sections,

B. Returns from tile Spherical Nose

Vigure, 4 is a DTIl of the data taken on 12 November t976. with compensation made for thle

inotion of thle spherical nose. This compensation had thle effect of making thle nose return

3
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.,litt nan ill Dohppictr treqat'nnn- v 'Ili- return !'n cll thei lust- (,all hei -men 'iary t aI Doippler'

frequency ofn nil Idlyi 1/. Inoni-iiatet';. hefore anid nfttec tilt iflle when tilt- object is ill tiii' zer-o aspeut
poý!lion (Zlpn'V0inxiinnt0Iy 7-1ilt) si-el. we'ak nit ll-tin cann ho stin to ttii s-id( it, andi loaning pnmnnl-

tlel to, tilt' pitn~cipal ion-l i'oturnl. Tlne-it ilti npiji1 Stilt ulitInim Qum11 tWle sjit''itl -nuvNtsc at

very obtitiint jin'citice' andt ant (lilt possiblyt h nnjtn'tla- ni-tirnis fr'om the nmachnining mairks, 0o'

to tine, machitning n-mark s acting as a diffn-action gr-ating.

!!Ww q' skmiovs Weii aiiinij nnd' oit thel I loppien' .-npwina of thm signal. Ht can the een tMtit tHie

siiintruinn of t ile tracked linose neturno is at ttifli' ais inoAd am 2 kIIz and that tiu peak or the iru-

turtni moves withini t his rainge. It Shtould the notC othatn~t tithe reil 010-V(,1 oppler Spread over tile

diameten of tin sphere is 6.A kHi wtnt-nas- Wem obsi-n'vd spreadi in- aiiinnoxinnatvly 2 kHiz. This

iiiitniOs tint mom-i oft tieeie n'~gv is rita ned frnomn an arn'e approndnratehv one-thinrid the dianr, Ier
of' tin spihenre, Note tiowtven, tiat these data did not inrune tie returns from the full diameter

of tilt', spher'ne seen nean' /enr aspecot.

C. hPenak Notse' Re tunrns

Fitgure 6 shoiws thle a njinihinnt of the nose net un-n as a tonction of time. lit's e dat in rqero-

si-nit tile! lin>ilmtnn signal withiin tit.e DIjopple n'nge of the ro torn. The lange retuirn ill thle vicinity

of zer'o aspect is dune to otien bodly featunes pa~ssig I inoigin tWe iloiiilr cells occupied by the

nose r'eturn. 'io avoid tin Iisnt en'ference, Mte data were sepa-rated into two time intervals, one

h eiore andt one afte iti jilt h rfr rent e . -'liese jilte rv-als woe th-lien analyzed separately.

It can he seen fron n- tN amplitumde iplots that tint nose retoin tins three distinguishable corn-n

pvnt'nts. Ti'hes-e an'e 0i a low-Of-iqoency comtponienit that in symiinetiicai abotnt tile zero aspect

position at 7-1516 .5 sico, (2) a1 linian' component that inc l'iasn' abotnt 1; (Ill over tine time span-

and 13) a hiin-fn'equoenc' ccliioni'nnt . 'I'e( syonnietrin-al conopono nl.' lan'g'y doe tin thne varia-

Huni of tini sirn n ev olnrnacten'isl ts of tie sphene Th is s idner e als m achilned by turning in a

latini' and tint-netOitl ihns synninatriaLd cinarncten untis. i'Me slowly changing inean' compnonennt

is pnroinably due ~ to nionmnnilenin iii nnininnation. The high -fn-equveny tompnonent could be due to

combination If tilt- I aiI-i surn'fare - thte atnmosphiinere, andt tine nradar chnaracter'istic s. One of the

otiJ-etvi's of this analy\sis wais to distinnguish betwn'en theseý effects.

1U. I igii- irctqn'ennn Compnionient of the Nose hotnnirn

1inn high- frequency cotnonennnnt of tUnt ntse r-tlu-ni wvas extr'actedi by pnrocessing tihe signal

ill ýi low-pass digital filter to obtain the zero- andi Itw-frenoerncy comnnponents, and then subtract-

ing tlines fitom tin- signial tin Icay onnly tine hnighif trnqnnencies.

T[he ampilituude and pihas Merr''or cinanacttinrsics of the three-poltn low-pass filter used are

,-;fown ini Fig. 7. The' ininasi'o e 80WOf tile filiti' at 70.-0 freqtulmency was equnivalent to a delay of

20 sannqnls F'rom tint figure. it can be seen that thne Willi attenuation frequency is ainproxi-

nn~ntely 0.16i, win-ne 'r' is tint time between smAipli- tinlied to the filter. In tMin specific

ti'st TI was 0.032 see, making tine 3-dil frequency 0.5 11i.,

'lt variouis faciton's afft-ctng t~ne signal aminitindi act,-d in a nmultipnlicativt- fashion, that is,

thie amplitude of the r'eturnf was proportional to tine pmnotduct of various tertis that were functions

of tine target RICS. tine a.itmosptnertc attenuation, the lillumiination power density, thet nreceilver

gain, -t c. In rt-moving tihe slowly varying ecomponents witin tine low-pass filter. tile signal was

fir-st conve'rted tcn nicibehni so that the Hobt action of tih- iuw-fri-quincy comnponentsý was,- in

effect, a dlivision. Tlhis pnreservt'd tint cinanacteristics of tine higii-fn'quency component.

6
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vi''iii's Hi and 9 olatl' to the 1101' litti~li int the timeV interval, tieforo 'jol Le Fe IepCi. 'The

tilPol Welto oftig, ,4l; ew)s lithe amtnlalttv ot the U~tuiieiulf teiWn, 11Wh iK sinduinto On te it'f-
hiandii -lis.'e kin t Vig, i' dote to difrt-111' Q11t sime ale. 'I hi', c 'nltei section ofl F"ig, 8 Shows thet

111w- l'l'ql '0fll''01 :Imel tlt IS 01'aitettd hy the 'oweinSS :itIt' ad the lowerstt' iiiof showH thet

hipigh-t'i'.'qaenev t'ellh'lll'Ilt left afiter' slibt tactjg tiet tow frieqiuencies', l"git'e 9 shows Ohw histo-
p :11"'' tilt, alinhlilli~dt ()f 1.1 hig 11 I'vi lttIillt-, try oilipoetiot and the UUilm 1lfltivt' antplittlide ctNtHIbUtL0l.

H'll sittitit eti1pitlited i" has niea' Ofl Zero tsilil tho ~ Ivm'o-t'eluilev uompwqt tinm heti t''lovud

hy lINi ilter) awl a mtwtIndKii devintion nf 40t dIi.'h Hittih.41,tIM1.i is; RpplToXImalt0ly SY111neIt~ical

Similar Fpdots torF tilt' liot' I'vti.11 ll the( time1 pt'iloci afiter 7zero aspect showed a standard
it'viat loll of ".S' (Iii: th disi itribution wam ssli- symmiletrFtcal, beijng biased toward the lower'

l' blIlhlthUd' of thll' ASitnal discuissed in) til'preceding suotionl was derive-d hy taking the

nlximllitill within a laInge Of tO)opph'i CUBS,~ thiR did not give a diriect indicatiLon of the ciluractOX'

istISiis loft Weignal w~itiii'ncil roll. If' fto siltiar of thei noseW was tough corniamet Ito a Wave-

len'glth, liii vt'ttiii ill aI Mi gle Cull wW~ud be COITIJ oset of tilt FtI-0,1O1S from Inall~y iniiij.)Vtl~dently

jiii'st'l setaiter''li's. thel( signal would then be exileced to have the chnraceteriisics of narrowbawnd

lnoise :1nd wouldt ha",' a twoviigi amplituil dis ibuthion. In t his section. tile signals discussed

Will', Obtainedl I'vem the' sinlgIt' toppli'l' cell thati gave till' highest ave'rage' return, 'These wore

l1te ted anld analyze'd as he otor. D ata from the two tinil segments weelt he0ald indeperoidntly.

tFiigi les1 10 and I I siiow tine signlal ConyminInts and arniiiltdl dist Fihotls lfo' tile irst time

ýý'p''lnU .' he . 'iti 'anl signal Iye I is now 6(' Ill lowo'I thanl till' ctfli'trt lnding, eiak signal, andtilte

st'llliali-d deiit'jtiol lhas jilt' i'''1'lt from 2.6 to 56~ dl. In Wlt ee t o wlimne l'mt'nt, ttit meanI ~ ~~~signal (tiol d btely 7 it i and lii standard deviatIon inc ronsed fromn 2M8 to 6A1 dit.

5 I". ( illilipl't:4ifl withl Nteisl SivnalI

To dkh'i('1'111lint' if toIli' Vi,igilti'l'(ill.'y 'ompiontent or Ill' ,-ignal atnlllitudil had till cheiaracter-

istit's o lot 101;ui, a Ha vi I igi d~strlitbtl 1( signal was gentyat ta from i stietmi' I "om noise' anti

U00(I '~' il fliit' -ii 111M' Ilanntyi a's tille noest i'l'ttlii. A i-i~o 'C olf0 thet anil~lul h1'iistilvy is shown

Ki Fig, 14, andt liK amI ilittatt. lidstllgi'in and cumulat &j"l'tist rilaltion lin 1,ig, 1 3. 'The standard

]i.,vation 1or lis ct& ignnl is 6_1 i II. 'this nriplittide distribution nci standard deviation show a

good ma1"tch to lilo tit' 01 tll singlic-ccl nose rv101Is, indictating that the na'it r'eturns had sub-

k'l'tr oft $ ll 1th'.y F'ii,~ii 14 is vIni'l i'i Wt ilIonpowlstitll ~Or lin mot~n oif tie ilizvt. This

rem i lnsltion 'ail UP: 'at' udg of ' nwnzl ttvmr doppler. No-t' tilt beginning and

'ni oif tilt rinerttv. it''_ illaxiniurn signal Came from snrfact's that were perpendicular to tile

IIl OS, but Ilto I'' 'ajlle'', of ;Aspect angle 45~ dpg Luthr side' of zuro aspect, till rear of the cylinder

shietldt'd li~i''ilsOf tilt' novz(.li' ithinl this rainge, the retuirnsl were more diffuse since they

were I ack sca I illi at Iii ohlipt' tingli' Isma'uset of the larger radlius of curvature, tile nozzl1e

ci';e a ibroade tI' itrlti (if-1 dt iffuise ''titris, thlan tii' n0o1', liT'e amrilitudi' ef the return is shown
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:is a funic'tioni of toult' in Fig. IS'. Tis aiiiplitriict' Is tilt mlaXimlum Within thlt ranlge of IDopple-r

ct'ili5 veitituining tlt' lwiic/?lP ''turni. Sinvec thlt nci'?,Il- retul os WeI'i not pi'vesint lunr zt-vIIo niliect,

thle signcals Were Soplmrated Into 0 Iwo tileliv 1ti' vals and pcrocessedl separately Ini the snruwne manne r

:is tli, nlose. et-0111i, Thev :1niplitiic' Ilihstccc'les and( histogi-auics fort the first ';vutiolt are shown

hit Figs. I o atnd 17, Thlic stancdalrd deviation, aftil' ri'llov:1l of tilt! low wasunces W et 0 (Mi.

1110 VOI-VVS11011iiciig Standdaccl uli'viLati iccic theIie suolld sctiojni wus 2A *11I Thi 'ie distribcutions

wer vo pproxilinatc~'I syiccteeil Otttt' v li llli' ec el Stale.

I11. lIV[-2-KNMI HANGI- E21XPER2l IME2NT 16 NOVE NM 1112 1976

A. Int t-OdlUCtiOll

Thce rotating-miocel experiments described nbove were repeated on 16 Novemiber 1976. In

aIddition to thet model, n connave, sphevrical mnitrror with a radius of curvature of I m- was mounted

onl tilt turntable. This was positioned alongside the nos, acid faced forward. ']'ice model was

Voltated Mt ', rate Of I 11cmI With groups of 4I00 samples being taken with a sample spacing of 20 I1±5cc

and a group spacing of 32 insec, T]his liave a D~oppler resol)ution of 170 1 tz with H amming weight-

ing. ']'his COrresp)onde'd to a cross-range resolution of 8.6 mmn. F'igure 18 shows thle I)T1I of the

model returns. This inli is similar, to that for the previous data except for the strong mirror

retuirn, ,nccd t", smanller returns from thle mirror mounting. After thre object passed through the

zero asc~ect position, thre mirror mounting returns became confused with the nose return. This

preVmnltted a clean nose return from being extracted. Because, of this difficulty, the nose returns

after thlt 7oro nspect position were not processed. The mirror return was stronger than thre

othier returns and was approximately 10 d B greater than the zoro-fi'equency returns from thle

stationarty surroundings.

13. Returns from the Spherical Nose

FIgure, 19 is the DTI corrected for- thet motion of the nose, while Fig. 20 gives a sample of

tilie am plitrici diisplay of tiltic I Opplce Spect etc. 'F IcS Si cigle -cell and peak signals were analyzed

ais rot.- tho iaeie 'ýqperilunctc. lice standard deviation toet, tiel penk.: sigtnal was ?.7 d114 and for

tile single tioppi e r cell was 0 .0 (iM. 'lhe aniplitiLe0 kli Stl ibnloiih W118 s c nimetrical for thle peak

.Agicul acid Wa'ýs sincicit c to thalt for, Oe !iayvighi distrih~itieic for, tire single-cell si1gnal.

C lotetirnic frvom the Sphleri cal ;MirrOr

Uigi ccc 21 isa it ectlcion of th e 1)11 Of Uig, 18 With ii'om lpecsati mcl for tile M1otion of tile mirror.

Pcc rte .2 is n Samep1le of 01t hi' -cplittide displays of the D opplfcr specetra. It is obvious that thle

mci rror ietci c's ar'e toroicgct und0( are steadier icc hthci amipli tutde and froqenc ccii v n the ncose re-

turns. 'licre' are, however, somo smiall variations inc frequenoy tint arc proicahly cIuI to chianges

Iin thIe rule or, rotation. Thie plots oif peak signal aniplit ode (nitxinlcciu in D oppler frequency space)

in Figq. 23 and 2.1 show tiic' signal to hcave anl amplitude of 30 d13 and a high-frequency component

of 0.8 cIll standard deviation. The absolute HCS of a sjcecuclar spherical surfaceý is equal to the

area of a circle whose radius is the radius of curvature of the surface. The RICS of the mirror

with 1-mn radius of curvature is thcerefore 3.1 m 2 or, 5.0 d lismn.

The signal in the Doppler cell that gave the highest average return was analyzed as before,

lihe standard deviation of thle tcigh-freqccenc'v compoicecnt in the sinigle cell was fotcnd to he

3.2 dBl, tire increase from 0.8 dI3 being due to variations, inl frequency of tile pceak return.

13
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A, Introduct ion

In tin( experimetnt of' 16 Novembertil( theittixox roturit was present fromt approxintatuly Zero

:ittlit to 9 dog a.w ii t'i aspec. "iTun tij- in 0051 inS1 the manie position. its rtturit could not

Iki Sepiarated fromnt her.- tit the othlut scatt titi . henri'e tile two rttt'iis could not he me'asured at

tie same position iii tie illuminating [)(,am. The vllyoflay corn vwa 150 between the nose and

m-irror returns would titete t01r dtP!(n 00On the uni forntiy of Ow toluminant ion. A tortw I i xperi-

moot wvas conducteid o0 14 I )ioemther which ourcarit'tm this I inlitatiton hy having tile m irror mounted

close to the no~e andt oriente~d so that its return would hi' seen at nn angle at which the nose re-

btun "ould hoi easily' rititiatuod.

I i Rt11urns fromi Nost and Mirrorr

Figure 25 Ashws a section o1 the( DTI' from the experimecnt conducted on 14 Deceniber. The

iwst returno is at the ext tme left, xvithi the mhoult -do tion strong nmircror retourn to the right of it.

liuse returns dto not follow the expected smooth etiVes because of variation inl tile rate of rota-

tion of' the turntatilo. ihvus variationm were pirohably caused by wind forces acting oil thle model.

IThe ptert urhatiorns in Whe I )ppler fcequ ency precluded the ext cato~n of a retcurn in a si nglc

eli kid PelIL hitO did not prtevent the peak amp~litude in Iloppler fron hinng separated andx analyzed.

lie standa rd deviation o1 the high- frequev ocx omnponent if the nose return was found to he

& 5 d H, anod is nwuci the name as the values obtained fromý Ut previous oxperimeunte . The stan-

chita devinatn ot the mirror retur was I.A d 13as corin a"id to 0.8 dH WVfo the rcterns obtained

on 16 Novinibte. Thu todiference bet ween the antplituimtis c the mix cc antI noes returns was

25 AL B Ths is thit same as was obtained in the Jiroviotis tent, indicating that the illumination

intensity had been sutbstantiallv unioitrm onl the en rliir t-xj ritlintot.

V. SUJMMARYV AND) DISCUSSION

A. Snumtmacy I ahlt

lattle I SuouIIInacizeS tW Ite zastutml-ents matt. 'liii tows of tle table ~ovrrisponti to the in-

diVidttal fe'atrut Ji ci nasiti OAS anid ace divdithti no st etinis corre-sponding to thtt experiments.

hour of tlit columns cortspvondit) to li tYiti of Iouta SUrotexitk1 it'rtorntt'd. The first column gives

the mean signAl in th lIt)opplur eil thalt gave tilet largest mecan return, anti columin two gives the

.[I:told-itiI d-iteiaittio of, its lii-rienxcompiuonent. Columins t hiit and fout gix i thte correspond-

ing Values for tite ieik signal ill iDoi'plt'r space. Coluiinn3 five and six gixvt thei theoretical cross
st cticos of' sjie'tilai aInd I .amihertianl Sphttres tif tilt. same radius as tttt nose. 'Those htave the

saix toerbtitrary' rt'fereoct as the other' measuremeintm and wtere scalled fron) the mirror ceturns

recordedi onl titi S1111tt expeti'iet'rtt. lie ICS of a sy ertila siphtert is riqual to its phtysical1 cross

se-ction, while, ili, IICS of a ti'tlmrizing I ambect ian saitor' is1.25 dil higher. The derivatin

of fthus cross st'ct ions is given itt Appendix ILii Thu tirtical rt'tux'ns frion titi spticular spheres~t

shown in tWt tabli' win' obitained by Hcaling the i't~ucns fi'ttit thi' mirror according to the radius

squared. i'hi retturns from tMe hypotitetcal I mtwx'lian Rpint'e were obtained by addiing 1.25 dBi
to those Ot tlhe SIt-Otlax' SptI)'x'tS.

20



S 0

MIR~ROR

-20 00 20
FREOUENCY (kHz)
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TABLE I

SUMMARY

Single-cell Peak-cell
Single-cell standard Peak-cell standard Specular Lambertian

mean deviation mean deviation mean mean
(dB) (dB) (da) (dB) (dB) (dB)

Nose
22 October 1976 -1,0 5.5 5.0 2.6
Segment 1

Nose
22 October 1976 2.0 6.4 9.0 2.8
Segment 2

Nozzle
22 October 1976 7.0 2.0
Segment I

Nozzle
22 October 1976 8.0 2.4
Segment 2

Nose I
16 November 1976 -3.0 6.0 5.0 2.7 8.1 9.3

Mirror
16 November 1976 28.0 3.1 30.0 0.8 |

Nose
14 December 1976 2.0 I 2.5 5.0 6,2

Mirror
14 Dtcemb2r 1976 27.0 1.1

Noise 6 2

---------



HI, hIW'S ot Sphl''rical Nose

it call liSt, cl h'lolitiilli toilill' tIM ill both11 t'\1W'ji'I'ItIIS it'ti L~'z thts sphe±'e was usedl, thev peak
:4iwloul il Ihtppitt from tho tlie)' W(IN" ki))V0ixiMtitet'IV 1.0(11 d I low the~ thvorevical rOte nt from tile

sI IrAli te11. h"m :111(1 :11)1) oxfi 11:0 vt tl1.2 -I, [1 below t hat ttit' I /iflhlburt Ian spla' ic.

01i'the otSI-eViltiotis IWa'riaiiitp, 1(0 1110 I)(.H' P01.111,1 that (at) be miailt fron te ili ble are given

(I I 'haking thtu rturtliZ ill n Kktitkhi' Dopiih't' Coll i'thot' thlal thet maxitmutm rt'eurf,

reisultedill nill aVetrage drop in mgignl (if 7.0l d Il alid in average itiereame in

tile qt.*fjIdarti (tIIVitaiti ()h' thll Ili~giliht-oriiftlly Vor~irnoneuft of 1, 1 d It.

0, T he avetagre stmndatit1 devJ.tia~tio of till, high- hVtit'eqdeCv COMlbotait (if tile

mi~liglt'-c('h [lost- 1,1i'i'it't w~ns 6.0 (.114. This !it Host-1 to tile Valuv lit' 1`.2 d It

fra llyeg-it'it l~ioL4e-fypo signl.l Tlle amltIIitudeI di~ti'i)lttiofl

(1t 1I0S liesetel ,it at)' alsMo siniltinr to thoJV oIft Hle 'llaise signal1.

C. HFluctufat ionsl ili~l 11101'r lctul'n

lie f~llettialtiolfl ill tilt 'teturti from t~he Sjdlel'ical tltilt-Ot' ioý4 MttIMIjtilt to iltn'10JAlitjC effects.
It ivvs tignt ions bito thet propagation oif optical beams itt turhuletI.it medin have beeni reported by
I tiwrcuct ' md St ohibelimi -ind Flante.I Ill tlieso piubl~*atiOu9 the variable usually e ilculated is

theU Vatiatir.' (f 010 najtUral logar1ithlui Of till' itAtetsit'.y tii '~Where intensity is a mecasure of

power't per' ittilt ýI ('a. This vnriajile catit he' lirotel lohtalifIil ft'toni thek standard deviation of the

sigtl in dec!ibels by mlultiplyl tig by 0.23 -tid squaring. TIhus the' values of a cn or res ponding

to 0.8 and 1 .1 d113 stanidat-d h'vinlion art, 0.03-1 and 0,064, ('eS si'ctivety. Thtese figur's. ap.-ply to

a two-waly prith. If there is tin correlation between thle fluctuntions imposed on tile outgoing and

r'eturn pmath.", the' va rizlll'' fot' :I Otne-way pnth will ho half thmat for a two-way pathl. If there Is

total correlat ion, th' olle-vwfly variaince will be 0.25 times the two-way variance.

L~AWIenil00'ItItL Stt'0ohliehtiý ý;iv~' atI .'xli'essioti for siniall value's ofa e foi- a spherical wave

in a locall y isott'op ic, lioniOgetI'eitS t'alndom1 tnediitM IS I'0110W5:

U2 70. Il0 C(' k 7 ~l

wherl, C 2 isý the t't't'active-itldex sti'luctute pat'atiietet', k is 2mr/wavelengthm, and 1. is the range

to the targe'.. Solvilitg fot' C and sub~stituting for L tiand k gives,

2
C2 Ifil

=1.64 x 10~

F"or 0.83 d I standaird deviation Go a two-way path and tio cortulatlon, a 2 for a one way path is

0.1. '['hen C 2 u3xlr '2'*FrI*Id i tandard deviationl. C 2 : 1.94 x 10. 17 tfi.3x 1 i r 11d i t

mv1 4  c2rn vary from 10 -~or less for Weak turbulence to 10- 11o more for strong tur-al
bUlenreI . TIhe tturbulencu t'xistitig du'ing the experfiments would be cla ssed as modierate.0

I. R. Lawrence and J. Strolbbeha. "A Survey of Clear-Air Propagation E'ffects Relevant to Optical
Communications,' Proc. lEHf'E 58, 1525-1545 (1970).

t Pt. F'ante, "E'lectromagne-tic B~eam Propagation in Turbulenit Media," Proc. ILEEE 63. 1669-10t9
(1975S).
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APIIIENW\i I

R{•IAPA (CIW(S SI'.("IIONS O1, lVlqi''

I)I",I INITIt()N 0V' .'I )AR (CRIOSS SE('CTION

I I )I , hi- ratic LL tinglie

*i'• 3I ' Ih() 14,)

wlie, iv I(i') I th is t \' pow per Unit s0olitt inllgi scattereid in fhie hisIl ic direction, I), is the in et

1liu\ d•itil v pe r tinmitl ir'a, aIndI- I s p t a pota'l'?atlot Io toss facltor whlcii Is a, I'untlon ot tile target

alndi -tct'elv.i 'linacti'i stilti's.

!.(ATT'IIN0lN(I IAIIACITE(TIlTIC'S (OF A SEC Ul(/.AIt

S 't111 ,;111 AI . ll .t ' V

i t tilt, r'nlleio Iio telt sonltll' o M te lal'g! rgi IA' 1ul01 gr tc' tlAnll avelength so that geo-

met, i'i' optit,' approximatlon apply. 'Two (cas, ar'e (c0onsidered, the first when the sui'faice is

,OliVex, 11id thet seconltd wlien, It is 1oii v. 1h'oe tore iUt.lluistrated in vIg. 1-1. let n be the

azilmutllhl angle• ot tlio normal to an cleitenotl ol area of a speculari spherical surface or radius r.

It is also tihte ' ,imuithal tingle (1t' tlte diri'e'tion of energy now i'eflouted from that element. IL.et

ti he ltle polar a11'nge of the noinrtivl to thelt (]rment of area, (I is zer'o in the directiton of the

souric'te. 1, 0 c in ) he( tlhe polar anglie at te peripht•erv of the spherical stlrfav'e. The clement

of artiia dA is gIiven by,

dA r silM () 1t0 do

'The Ii(i'power lchhmnt on dA is

SIidA cos o I): r2 siln 0 (os 0 dO (in for 0 < O ((Jr

for (0 > 0 (c)i

'The diit,'eitiiiii of the riltet'd it lenegy Ilow from this Molment or ar't is P3, i ), whlere ft is thle

polar angle••)I' tith 'it lected r-adiation.

1; 20, till 2d)

Thr t icln'elet or solid alinlt, in the ir!'l',tettot en'ergy wave niumbeir space iS:

(Is" Sin ll do. d)ý sin (20) do (Zdo)

4 s-ill 0 cos 0 dO don

'Tin' Power reflected into titit I solid anlo in thie dir(ction ([t, o 1 is given by:

(I, P. r inO cos0 dO do 1)1r

s dil 4 sin 0 cos 0 de3 do 4

Authored by It1 Jones.
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Fig. 1-1. Geometry of reflection from a specular spherical surface.
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ill tin thl' l,'iepondi radar, the polarization of the detector is matched to the return from the

speeula r sphere. The valut orf 1,p Is therefore unity. The histatice cross section in the direction
i J: tI ,, 1 I,

'I 7r V ' oj, ) i.1 ir rv f0 v 0 < (
,0 for 0 < 0 (o)

1It)l fo r (1 •' 0) (ti)

lFor a ronvox specular spheivr, r t' i f o ) is equal to or greater than ur/2 for all values of o(, then

the lCS is independon of n and P. Thus a specular sphere is an isotropic scatterer with RCS

equal to its geometric cross section. For a concave specular spherical surface, if 0 C() Is

equal to or greator than 7r/.I, multiple reflections can occur and tie RCS might differ from that

given by the expression above.

IrA\MIBRIAN SCATTERITN(; iGiiOM AN tl:,EjMENTAI. ARIEA

1,e IV' he the scattered power flux from an element of area. If the total scattered power

Ifrom this area is is Owhen

where $1 denotes a solid angle.

The defining property of a Inambertian surface is that, regardless of the direction(s) of the

incident radiation,

il(0) coso for p< ir/2V ,, N ' -, I f
iI0 (P ir/2

where v is the angle between the direction of emission and the normal to the element of area.

(alculation: To obtain F (0) in terms of P1

P; i d

i "7. (0) cos for IP < 7r/2

where n, is the azimuthal direction.

1) F10) Cosip sin o dcy cio

.?'7/2
"2" r F" (0) sine cos o do'

] •27r•' (0) %0/'!2O d(sin2 )/2!ý -
-(0)
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I'rhf.er(•e Vt

( Pq cosu,/7r for o </T/

0,O)t far 0'tP7r/2

Therel'ore F 6r) total power scattered, times the cosine of the angle away from the normal,

divided hy 7T.

MONOSTATTC R(S OF' A LAMBERTTAN SPHERE

I.et o he the azimuthal angle of the normal to the element of area dA on a Lambertian sphere
or radius i, and 0 the polar angle, then

dA = r2 sgini dO d&

The power Incident on dA is assumed to be equal to the power scattered, that is, the surface Is

"white" rather than "grey," thus,

d(il dP 1 1). cos 0 dA -- ) r2 sinG cosg dO dnv,I S I 1

The scattered flux per unit solid angle in the direction of the receiver from this element of area,

is given by
Sli2 20

dl', d P cos 0/r - 1 r sin( cos - do do /rIs

since 0 = 0 in this monostatie case. integrating over the Illuminated hemisphere gives the total
flux per unit solid angle at the receiver.

1 )7 r/2 (.2r l ir2  (-1/3)c

0 (Z) 03)0)

Th :J--i"n',ve return from a Lambertian surface is randomly polarized, so on the average, the poweriiid ,,ectod• by tile polarization sensitive receiver is half the total power received. Thus Lp has a

value of 0.5. The rnonostatic RICS is

RICS 1 (0) •- Di 4/3vr2

This exceeds the specular sphere RCS by the factor 4/3 or 1.25 dB.

An examination or the more complicated integral for j0 1 0, shows that for the Lambertian

' Isphere, the histatic RC'S decreases monotonically to zero as 0 increases to 7r. Thus the in-
creased monostatic RCS of the lambertian sphere is not inconsistent with the fact that it inter-

cepts the saetotal energy as the specular sphere.
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