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I. INTRODUCTION

Although anechoic chamber design has received much attention, docu-
mentation of the performance of an anechoic chamber using VHF absorber on
the back wall is not presently available over a wide range of frequencies. The
purpose of this report is to describe the measured characteristics of a 90-ft
long anechoic chamber for frequencies from 100 MHz to 93 GHz.

The chamber configuration is illustrated in Fig. 1 and is described as a

quasi-tapered design (Ref, 1). The 19 X 21 X 30-ft test region is 'inearly tapered
into a smaller 8 X 8-ft transmitting end. A tapered chamber has been shown

to produce a more uniform field distribution in the quiet zone than a rectangular
chamber (Ref. 2); however, excitation of a fully tapered chamber is relatively
complex (Ref. 3) and a quasi-monostatic configuration for radar cross section
\RCS) measurements is difficult to irmplement. The quasi-tapered design com-
bines the performance advantages of a fully tapered chamber when used at low
frequencies with some of the instrumentation flexibility of a rectangular
chamber. Prior to constructing the anechoic chamber, measurements were
performed on a model chamber (Ref, 4) to verify an acceptable performance.

The anechoic chamber was constructed by B. F. Goodrich and their RF
evaluation is contained in Ref. 5. The rear wall of the chamber is covered
with 70-in. thick pyramidal absorber (VHP-70). This wall is tiltable up to
6 deg from vertical to reduce the chamber background level, a technique that
is particularly useful at the higher frequencies. The walls of the test region
(quiet zone} are lined with 18-in, pyramidal absorber (VHP-18), and the
tapered section ig lined with 14-in. wedge absorber (WG-14),

The measured background RCS level for an equivalent target at a 50-ft
range and the reflectivity of the chamber for frequencies between 100 MHz and
93 GHz are summarized in Fig. 2. Since anechoic chamber performance at
microwave frequencies has been reported elsewhere, emphasis in the remain-

der of this discussion is placed on VHF and millimeter-wave measurements.
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11, VHF MEASUREMENTS

Recently, measurements have been performed on electrically small,
impedance -loaded targets at VHF.! Asa part of this program, the anechoic
chamber was evaluated for frequencies between 100 and 200 w.Hz. In these
measurements, a log periodic antenna located 25 ft from the target, as shown
in Fig. 3, was used for transmitting and receiving. The rest of the equipment
used in the radar is illustrated in Fig. 4. This range was selected to mini-
mize the isolation required of the Anzac H-1 hybrid. An HP 5105A synthesizer
provided a convenient, stable source for these measurements. Chamber
background cancellation was achieved by using both the fourth port of the
hybrid and a cancellation path between the recc.ver and transmitter. Most
of the "background' stems from the hybrid unbalance rather than from anechoic
chamber reflections. Hybrid unbaiance was caused by antenna mismatch, and
no attempt was made to match the antenna over a wide frequency range.

The chamber was evaluated in threc ways: (1) the field in the quiet zone
was probed using a corner reflsctor antenna, (2) the differential RCS of two
calibration spheres was measuced, and (3) the measured broadside response
of a short-circuited dipole was ~~mpared with a theoretical result. At the
target range, the amplitude v -iation of the field along the chamber axis was
0.7 dB and the phase slope was linear, having a value of 177 deg/meter as
compared with 180 deg/meter for a 150 MHz plane wave. The field measured
within +2 ft of the axis varied ir amplitude by 0.5 dB and 8 deg in phase. The
measurements indicate a good plane wave is excited over a small test region
even when the transmit/receive antenna is placed halfway down the taper of the
chamber. The differential RCS between 12- and 20-in. diameter calibration

spheres was measured between 110 and 180 MHz, and the average difference
between theoretical and measured results is given in Table 1. Finally, the
broadside response of a short-circuited dipole was measured, as shown in

Fig. 5, and the results compared with the theoretical values published by
Harrington (Ref. 6).

1R. B. Dybdal and C. O. Yowell, Radar Cross Section Characteristics of
Impedance-Loaded Targets, Aerospace Corporation Technical Report (1973).
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VHF Radar in Anechoic Chamber
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Table 1. Chamber Evaluation with the Use of Calibration Spheres
020-In, Sphere
012-1In, Sphere
Frequency | ¢ 20-In. | Calculated | Measured, | Measured, | Average
(MHz) Sphere (dB) 10/19/71 10/21/71 Deviation
(dBsm) (dB) (dB) (dB)
110 -7 12.8 11.8 -1.0
120 -5.9 12,6 12,2 12,0 ~0.5
130 -4.6 12.4 11.8 12,0 -0.5
140 -3.7 12,3 11,9 10.5 -1.1
145 -3.2 12,1 11.8 ~0.3
150 -2.8 12,0 12.0 10,2 -0.9
155 -2.5 11.8 12,0 +0.2
160 -2.2 11,6 12.0 11.3 +0.05
170 -1.8 11.0 10.2 11,2 -0.3
180 -1.4 10.4 1.2 11.0 +0.7
l I |
| l<-——-——37 16 m.—-—*l
L 3
5 N
fos) L . = —
a 10 1/2 in. L/D =74425
=
=
’—
(=
LuJ
o 01— , o
3 - CALCULATED (L/D=74.2)
o
(&
o O MEASURED VALUE
o
2 -10 l | l
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F
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ig. 5. Broadside RCS of Short-Circuited Dipole
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During the course of the measurements on impedance-loaded targets,
the canceled hackground levels of the anechoic chamber were recorded after
the target measurements were performed. A plot of 81 representative
measurements is given in Fig. 6. The relatively large spread in these values
is the result of the varying time durations and amounts of disturbance in the
chamber during the measurements. The initial canceled values prior to target
measurement over this frequency range were in excess of -45 dBsm referenced
to a range of 25 ft. No special efforts were made to stabilize ¢ither mechan-

ically or thermally the long coaxial lines used in the bridge balancing circuit.

0 ' | 3

MEAN VALUE 0
O o

-0+ oo o o o} |

S e B——
| ____Q,_a.gq_)_.__ Qg
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° onsg "@§oo 8 o
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o 9o
0] o © o)
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o o}
(@)

" I N B
100 120 140 160 180 200

FREQUENCY, MHz

Fig. 6. Canceled Background RCS at VHF
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111, MILLIMETER-WAVE MEASUREMENTS

The millimecter-wavelength frequency range affords the possibility of
performing scaled frequency measurements on physically small models. Such
models are readily constructed and easily maneuvered. The Aerospace
chamber has been operated at 93 GHz which, to the best knowledge of the

rs, is the highest frequency used in a microwave chamber. The phase-

* .d ‘ransmitter and receiver used in these m~asurements have been con-
verted (rom equipment used to measure the phase structure function of the
atmosphere (Ref. 7).

Prior to constructing the chamber, measurements were performed at
94 GHz on readily available absorber material (Ref. 8). Results of these
measurements indicate that the sharpness of absorber tips is importaunt and
some protective absorber paints reflect significantly, Consequently, the
absorber tips on the rear wall were left unpainted and specified as "extra
sharp.!' The background RCS and reflectivity properties of the anechoic
chamber at 93 GHz have been previously reported (Ref. 9).

To illustrate a scale-model measurement performed at EHF, a sphere-
cone target (shown in Fig. 7) was measured in the anechoic chamber. This
target is 4 in. long with a 1/2-in. nose radius and a 2-in. base diameter.
The target was supported by monofilament lines as shown, and horizontal
polarization is used in the measurements since even 2-1b test monofilament
has a peak specular return for vertical polarization of -20 dBsm at these
frequencies. However, model dimensions in this frequency range are generally
large in terms of wavelengths, and polarization dependence is not significant

in specular regions.

The RCS of the sphere-cone target, measured at 93 GHz, is given in
Fig. 8. The calculated RCS for this target, based on an approximate physical
optics analysis described in the Appendix, is given in Fig. 9. The agreement

between measured and calculated results is quite good in the specular regions.

-11-
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At low RCS levels, the measured pattern accuracy is limited by the chamber
background level, and the calculated levels (as predicted by the physical optics
analysis) are probably not altogether valid since some polarization dependence
should be observed.

Fig. 7. Sphere-Cone Target in Anechoic Chamber

-12-




200°F

240°

|
20 ﬂ 20 | 0 | o

1120°

~__ ESI7-RUN |
\__/ 150°

180°

Fig. 8.

Measured RCS of Sphere-Cone at 93 GHz

V1 i SRR g
‘N m‘l:r"'u:fl?iu-‘lili.ﬁhlhH\m-M.dilmmmuhuﬁ'f'uih i

nyt




ZHD €6 38 duoD-219ydg Jo §OY pajemdred ‘6 Sid

bap‘g

0% Obe Oce 00¢ 082 09 ovmwomm 00¢ 08l 091 Obi 021 001 08 09 Ob _0¢_ O

|
Lj__“_‘s_u_# I O Y ST, NPy a

~ ; | O@I 0

A : =

i.fi_.v S et S i 0G- uuw
. _ . . .. “ ; I S ' i .“ . , J6 U SO S . - w 4..

! . w . 4.1 el i . ) . .. F D

M m —0¢- &

- w “.—

A 0¢- £

.

o

w

3

; _ - e i ;
] - , : i w t—-~—10
1 H D—




- T ¥ v T v—\ w ——— '. w—w—vw"v—‘

1IVv. SUMMARY

Some measured characteristics of a 90-ft anechoic chamber have been
presented illustrating its usefulness over a broad range of freyuencies from
VHF to EHF. The quasi-tapered design permits flexibility in equipment
arrangements while retaining the performance advantages of a fully tapered
design. VHF RCS measurements between 100 and 200 MHz are described.
The RCS of a scaled sphere-cone target recorded at 93 GHz demonstrates

the feasibility of millimeter-wavelength measvrements in an anechoic chamber.
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APPENDIX

A description is given in this Appendix of the approximate physical
optics analysis used to calculate the EHF RCS of the sphere-cone target. The
gecmetry of the sphere-cone target used in this analysis is presented in Fig.
A-1. The model was specified using the overall length A (4 in.), the base

radius a (1 in.), and the nose radius r (1/2 in.). The length of the conical

portion L is given by

2 2 1/2
L=[A%+a®- 2ar] (A-1)
and the angle 8, by
-1 {La + r‘2 - rA
91 = sin > > . {A-2)
L +r

This analysis assumes that the nose sphere and the conical frustum are

attached with a tangent join,
The RCS ¢ may be compute . by combining the cross-section components

of the individual scattering centers in a phasor sum, and is expressed by

12
¢ = ZUi e 3% ) (A-3)
i

In this expression, Ui represents the scattered '"field" components of the
individual scattering centers and ¢, is the phase of the individual scattering
centers referenced to a common point. The physical optics approximation

will be used to obtair the scattered field components. Since RCS is

preceding page blank




a scattered power expression, the square root of the RCS of the individual
scattering centers will be used to obtain scattered '"field'"' components.
For the sphere-cone target, three scattering centers will be used:

(1) the flat disk response for the base, (2) a sphere response for the nose,

and (3) an approximate response for the conical frustum. Physical optics

is used to obtain the responses for these scattering centers. The approximate
{ response for the conical frustum assumes a sin X/X functional form coinciding
with the specular direction of the frustum and the amplitude assumes that of
F a cylinder having the average radius of the frustum, The scattered 'field"

values for the three scattering centers are given in Table A-1. The phase of

the scatterers, referenced to the center of the base, is given in Table A-2.

This analysis was programmed and the results are shown in Fig. 9.

le

Fig. A-1. Geometry of the Sphere-Cone
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Table A-1., Scattered "Field'" Values

Scatterer Illumination Region Value :
(deg)

Sphere -90 +6, <8<90 -8, Uy =r/m

(nose)

/Tn'(a + r cos 91)
Frustum -180 + 91 <6 <180 - 91 U‘2 = L\, X sin(@ + 61)

Sin X.l
X

X

X, = 3-“(1—“ cos(9 +0))

3/2.2 Jy(X,)
Disk 90 < 8 < 270 U, =32 050 2
, 3 A X
(base) 2
JI(X) - Bessel Function \
- of Order 1
X, = 4—’;\3 sin ©
’ 1
Table A-2. Phase Reference for Scattering Centers
4 z {
? = T[P"(A- r) cos 0]

e

¢2 = 5 [(a +r cos Gl)sin9+(A-r(l-sin el))cos e]

i
lt

i
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