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FOREWOltD 

This report is pubUshed by the AerospaQe OqrJ?oi"ation, El Segtmdo, 
California, unt'.er Ab Force Contra.ct No. Al' 04(695) .. 1001. 

This report, which documl!'). t~ resear~h carried put from 15 October 

through 30 December l 965~ was submlitt~d on 4 Jan.·..iary 1967 to Capt~ini 

Rol:,ert D. E,agle~~ ss·rR1', for review a!~d approval • 

.. 0. ~ ' ing, 'ectoli 
Elec~r~:mic~ R~searcli .LaJ!,oratory 
Lal;,o,~i<nt~ee l;)i,visio'1 
llal;>oir~to;ry Ci>J1eratio~s 

PublicaU~n pf thia1 report ~Qes nbt 0o•~titute A~r E'oirce approva'l ,of the 
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.repQttJ' • firtdihg~ or c::9ncl~sions. 1t i• p~l>l~'9hed only for the excne,,nge and 

stimulation ot ideas. 
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ABSTRACT 

The cha:r~cte1rhtiic feat\1res of a taper,ed anech<:,ic ahambet are 

described. 'l'b.e smooth illuminat~on a,t:nplitude iin the chlil,11'\be:r. make$ it 

usable as an indoor range for antenna patte,rn measu:eme'nte,, 1even at low 

freque1n<:ies. Vari.a.dons in ihe 1transmiseion1 attenu,a'tion in the Qha:mber 

as compa'ired to fr4,'le si:pice rrequire ca,ef~i bitel,"preta.tic;,• o~ abs.ol',Jte 

gain and cl"oss-se1ctio,n data~ 
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1. INTROOVCTION 

Rec.ently, a new design [l] for anechoic cllambers has l:,een developed,~ 

which offers improv,ed performance at low fi'~quendes. This chamber is 

designed in the shape of a pyramidal horn that taperti from 1~ small illumi-

nat'i.ng end to a large rectangular teat reg!on. 'Ihe salient featur ,es pf thi.s 

type of cha~ber can be explained quali~atively by ray opUcs. 

The purpdse of this note is to po'b1t out sqme of the inh~rent proper~ies 

df tapered anechoic chambers. Some experimental data ~howins a compari­

son between the transmission charade1thtlcs of a tapered ¢hamber and free 

space are presen,te~. 

'fhere ate tw,o effects in a tapered chamber that caip Umit its uU~rnate 

performance aB an in!)oor range. F!rat, t!lore is a deviatidn frani the 1/a
2 

dependencej and, second, there is, an -.pparerlt decrease or incl,"ease ,of si~nal 

strength as compar~<l to free-space transmission. The variatioris in tr.ags,­

:rnission loss between the tapered cha1mber and free spaae beco~e more 

signiflcant in situations whe;re low"'di:re1ctivit¥ antennas are employe~1, i.e., 

. I 

1w. H. Emerson and H. B. Sefton, '1An Imprpved Des~~n ~or lnd<;1dr Ranges, 
11 

}?roe. IEEE, voJ. 53, pp. 1079-1081, August 1965. 



ait low frequendes. At high fre_,quencies, high-,gain antennas alt"e geneJi'ally 

use~, and the effect o'~ the chamber on the 1operahotl wUl be correspondingly 

less. Foll" thh reason, our · dhcu!lsions will be concern~d largely with low-
.'' 
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U. DISCUSSION 

In a praictical operation of t'he tape 'red cq.amber , the 'tran,smitting 

antenna ape'rture is usually placed at a small distance from the apex. Thus, 

multipath effects I[ Z)' also exist inside the tapered chamber as in a e;;on~enti;;:;na.l 

rectangular cha1mber. The situation is illustrated in Fi.g. t. :By ray tracing 

techniques, one ,can establhh that there is very little change in path ·and reflec + 

tion 'phase differences amor1g the direct ray and singly reflected rays at any point 

ir, the target 1regio.n of the tapered chamber. 'These rays vectorially add to ,c,:eate 
., 

a slow1y varying 1spatial interference pattert); \i\·hereas, in the redangu~ar cbam-

be,:, tbe cha~gee in p.ath and r~fle,cHon phase dtiff~renae,s are la1"ger and a n1ore 

rapidly vary~ng ,spatial patterrt results. Thi',' e,c:plabpil t)te s'm,obth ~Uumlnati'iln 

amplitude ln the target11 reaio11- of the tapered chamber a~$ comparetl to th~ti of a 

rectangula'r Ci:lhaimb<r [ l l, .A smoother illu11nip:atiPJ auipbtude mak~s a charnber 

m1ore sui'iable foli1 a'nf,enna1 pattern and radat+ r:r'1)S$ section mea!sur,,me,h,s ,. ,, 

I 

The Jr)J:'eS~n,ce of mu,lt~pa~h effe<tts implies th•t the 1chaml)e~ does not 

simulate fr~e-space environment exa,ctly sine~ the power density in the 

cha1mbei;r will deviate from the l/R2 dependence, the m-.gnitude of d.ev~ation hieing 

dependent u,pon the 1path diff~Jience and the reflection aoefficient at the walls. ln 
' I I ' I 

a tapered ch,aJn~er, the spatial freq"-~ncy of the stand},ng wav,e pat~ettn i 1s c:Ufficult 

to detect b~eaus e of t1le sm.al'l change in th, total phase differe~ti~l bet\\leen the -

direct and ref~ected rays. Consequently, ~me would have to probe a lotJ.g distance 

to observe rir,ut(iipat.,. effect~. In ,a rectarigular chamber, the stan~ing wave 

2T'his is in qmtrast t9 the idealized '5itua.t,on, whe~e the sources of en~rlW are 

assume~ Jo be emanating 1f~d:m a sin~te point at the apex, whi~~ Hred~~ts no 

rr):q1tipath eff~~h,. 

I 

I I I 
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00 TAPEIRED CHAMBeR lb) RBC1ANGUI.AA CHAM$!R 

.r~g. 1. Comparison of chambeirs. 
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pattern i• detected eaoily be,cauae ,of the relatively largo cb.ang1e in lbe phase 

difference between the 1direct and reflected rays in the 'tar,et region. Ho:w1ev,er, 

\t abouad be mentioned that in rectangular chambero, bigh<'r quality absorbing 

matedah are ,usually p,lac1ed at the ,speicul.ar points ,a,rt,d t:be ma,gni:tUJde of ~he 

ref1eieti,on coefficient wi'U be ie1ss. 

fo any quant:itaJtive anaLy,sis, ,one must ta!kf! into ac,count the r ,eftection 

coe,fficient ,and iU ac ,companying phase, the fact that two ,of thie wa'!l.ls wlll 

reUect polarizations in ,ua<int,,re with reaped to tb.e other two walls, and 

th,e d1aracteri1stic~ of t~,e t1r ,an1smitti.ng ant,enna. Howev,er, a :few idbserwa!ti.:ons 

c;,.n be made. fo a tapered chamber, the d,.a,ige in pb.a1a• differential be!W•"" 

th,e dire~t ,and refled
1

ed raiys ca~,. 'be rrn.inim'i 1zed 'by lplaci~g the 'tr1an1smitting 

anh~nna as 1elo1se ,as p~1s1si1!,le to the apex and on the a:xis ,of the chamber. Aliso 

the direi:t and singly teflected rays wiU be nearly 'parallel, res1emblin1; tnor,1:; 

doulf tho•• of a uniloi'~ plane wave. On lbe other l>a,n,!., doing this ,l,UI 

ne,<t section. Al~o, U raY optics give an i,.c<'µrate cb.aracterioat~on of tho 

ch:a.mber, qne sboula be c~re!ut in i,:tt,e1'preting an;tenna :raidiati,c;>~ p~tt,e(n,s 

an.id radar cro1ss section data bec;.au:se of tpe ,resence of multipa~h. 
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i ~ 1~1H1 ,,.,.,,,1,~111111 1111,: 1>~1IIIN~lll,uti,1i, , , "i>W!ciUlt!t,.IH1\,.4.HH.~ ~I ' ~ ~J. 

Ill. EXPERIMENlf AL Il'fVESTIGAT~ONS ,, 
II 

A scaled l1(lodel of a t-ypi<!:al tapered chamber w~s constructed from 

I 

O. 175-in. -thic'k ,smooth-suda~ed absorbing material [3]. The dimensions 

are shown in Fig. 2. Although tMs model has a small recta.ngulfLr souro,e 

end
1 

which is a slight deviation from the usual tape.red chamber~ itl is 
I I , 

s-uffic;iently acturate for the purpose ot our present inv,esUgattdns. Fotr 

typical low-frequency operations, th~ C-:J>enlng at the source 
1

~nd mai ,be ln 
I 

the order of ·81 wavel,ength, Tw9 low gain~ sectoil'al E-plane, hol'nB, with 
1a 

I ,, ,,, I J ], 'I . ' . I ' Ii 
0. 900 ~ o. 9u01-in, aperture, 1flc;Lr 1ed ditectly f:rom WR 90 wav~g~i,de~ 

(0. 400 ~ o. 900-in.) wete u,e~ a$ tran~mllting a 1nd rec~ivi~g intennc\S, 
I I jl I 

The t«llo "hoiius fir~~ were iiacfd in a free-srp~qe ¢0-p:v,entio~al ante~na 

pattern s ,etup and ptQts ,qf rellttiv~ attenuaHon ' vs di~iartce w1e,e made; Jhe 

measuremenh then we~~ 1reJje~ted inside the chamber \vith the same hst 

s ,etup, receiveli-ga~lil l~v~l, and transmit~er power. llil this ~anhet, the 

relative trah~mission h11ss of the chamber with rer;,pect to ~hat d:f free ~pace 

is det-ermined,. 

Figures 3 ~nr. 4 Ail"e typi~a,;. plots !oil' the dq.Se 
1wher1e tlie transmitting 

I 

antenna is 0.8 ~n. f~~m the tli1roat, at lth,e ~Jlroat, and d~8 in, b~Mnd the 

throat. 'Thi,s is the ~li~tance 1d
0 

showlil in Fig~ 2. The l /R 
2 

line represents 
I . , 

11 I 

the ca$e with the horn~ in free spac~. The cµrv1es for the c~ses wJtb the 

horns inside the chamber ar1e notmalized with :respect tic;, the 1 /Rz line. 

From these plots it ls observed· tha1t either ap. ipcrease or a, decre,a,se i~ 

3m : ' 
1 

d
1 

C·•• ,. ' !'T' "N 7·3 Jl!merson an I u:rtJ.)ng, 'J. ype ~ - ,. • o 



:IsLoPE= 
11
R
2 

ARROW '1No1cATES END 
~,, 1 ♦ OF TAPERED s~cT1tON' • 

~ • ' 

' I • 

f ,: 8.5 Gets 1 

' 

I< I 

,, I 

I I I 

Fig,. 3. Field stiierl.gth cha~~pteristics ~f a tapered c,hamber 
relative to free space1 ~caled frequency 8, 5 Ocl ,~ 

1 I 

I 

,I 



CQ .,, 
-...I 

_...... .... ~ ~ 
""' :.:.J 

ffi • 0 
G.: 

~ 
> -~ 
..J ...... ex 

SLOPE= I/R2 ----------...-----• ARROW INOICAT1ES ENO 
• OF tAPERED SECTION 

I I 

f = 12 Gels I' 

-24' 

-28 I 

0 : 

-32 I 

-40'-' ................. -----........ ------"-,...__.--......... ------.....-........ 2 6 8 10 I zo 
I I 

Fiji• 4. Field s~re~gth ch"1-facteristlo~ al a ta~t•d ~hil"lber 
rel~~ive to free space; scaled !freqµency iZ QcJs. , , I 

. I 

-9-

11 

Ill 



r · r .. 

l 
I 

I 

I 

11 

I 111 

I /f 

. :! 

signal st!'ength h pas .si,ble as ootnpal'led to the1 meas\lred value$ in ~11ee space. 

The magnituc:te ,of this effect is dependent upon antenna dir'ecthr•(t:y, frec:tuenc,,, 

and antenna location. AU curveB are seen to be fairly P'-rallel tp tp.e l /R 
2 

, I 1 I 

line in the tapered portion of the ~hamb~r and in a region i 1pprlpx~m.ate1y 

three to five wavelengths beyond, the encl. of the taper : tb,e usua~ useful ranie 

of a tapered chamber. A cor.hpair'ison an\b~$ ~};,.es~, , ~rvea reViea~s lthat the 

case with the tr~~,mitting hol'rl) erp.ten~~ plac1ed beillil?,~ the th:rQat is in bett,~r , 
, I I 

pl:'r~Uelism with the llR Z, lin~, 'Ho~eve,1• a~ l~he sc1,~e time, the, o6p:pling; 

h 
I [I ' ' ',· 

loss ,as incr~as,ed also. The meas,ured <:urves f
1

0~ the c~,s~ Qf a rep~ang"Ql~f 

~haml;)e,r qs.odel, constructed with the slame rqateriail, are also ~hpwn £or I 

comp~risen. 

I' 
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lV. CONCLtlS~bNS 

Multipath eitects e~i,st in, t~p~ted chaf!lb~rs. The chan;ie \h the phase 

differential b~tween the direct and tbt, singly-refl~cted rays acro,s1 the1 

chamber is small. The .-nagnhude of the energy bein,g eairried by the 

1"eflected ;r'"ys depertd1:1 upon the particular operat1.ng envlronment, i. e. , 

c:t,ja,rnl>e1r shape, qua.li.t}'1 of the :absc>rl!ling t'fateria.h, anter.na d,ire!Ctivity, et1c, 

(2) 'Fbe smooth illu~ination ,mplltu~e in a taperled ~hambe:r tnaltes it m:Are 

sui;~abie ,fo.r radiation patt~rJt meai,w;ements utiliizing lc;:,w ,ga.i-q. an~e
1

nn~s. 

(~I T'1ij variations 111 transmlui~n iqse betw~en the taperfd cha;,,l>et ,.nil 

ff ee s'pace pJ," eV'ent lh
1
~ making a£ aib~olut,e gain meas1ur ements of 

I 

1
1

1
1
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