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FOREWORD

This study was undertaken by the direction of the Naval Electronics
Systmes Co and under Task X0738l00 in support of the U.S. Navy prepara-
tory effort for the 1979 General World Administr.tiv. World Radio Con-
ference (GW*RC) to be held in Geneva , Switzerland , in 1979. A shortened
version of this document has evolved as a result ~f the Naval Weapons
Center’s participation in U.S. Study Group 1 (US$0 1) of the Internation-
al Radio Consultative Comeittee (CCIR) , an intsrnatioiiçi. organization
that provides technical support to the International T.lac~~~ inicat ions
Union in preparation for the GWARC.

The CCIR is now examining interf erence betwsen user s of the spec-
trum above 100 GUs . This document discusses sass ad want.gas and limita-
tions of larg. reflecting antennas at high frequen cies and *~áin.s
general chara cteristics of far and back sidelobes. The intent is to
make possible provi sional estimations of inter ference rscst’v.d through
off—axis directions at millimeter and subsilllaster vsvelangths despite
the absence of measured antenna data.

This report has bean reviewed for technical accur acy by
Donald Pao lino.

1.1mM by Under authority of
0. K. •~~IE,u, Hand R. N. NILLYIRIZ.ctrcnio Warfa re Dspar~nent Taohnioai Director (Acting)
4 October 1977

NWC TP 5980

Published by . . . . . . . . . . . . . Technical Information Department
Collation . . . . . . . . . . . . . . . . . . . . . . Cover, 11 leaves
First printing . . . . . . . . . . . . . . . . . . . . . . . . 60 copies

___  ___ — ~~~~~~~~~~~~ —~~L



• ‘
i’
P 

INITIAL DISTRIBUTION

2 Naval Air Systems Cossand (AIR—954)
1 Naval Electronics Systems Comeand (ELEX—OOBE , William J. Cook)2 Naval Sea Systems Comsand (SEA— 09032)

12 Defense Documentation Center
1 Department of Comserce (Office of Telecoiimiunications, R. J. Mayher)

t

c

I
,

‘I

~~~OIg I(tI ,fl) ~~



UNCLASSIFIED
S E C U R I T Y  C L A S S ~r ICA T I O N  OF YNI S PAGE (Wh.n 0.1. FnI.r.d)

R E A D  INSTRUCTIoNS —

I R E P O R T  NUMB 12 . GOVT ACCESS ION NO. 3 REC IPiENT ~S C A T A L O G  NUMBE R

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

~~~~~;~~~ TP~ 5~~~~~7 ~ 
_ _ _ _ _ _ _ _ _

4 T~ ~ L E (.nd 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S, ’I’ ~~PE OF ~ &I ..5j*kSO COVERED

CHARACTERISTICS oF~ LARGE MILLIMETER AND SUBMILLI_ )~ (3dT~~nai f .ç t .,

L METER _WAVE REFLECTING ANTIfNNAS . ___________________________

6 PE R FORMiNG ORG. REPORT NU M S E R

(
7— 

•_

~~

_

~~~~~~~‘ 7 AUTHnR’ .~__________________ RANT NUMBER(S)

West atze~~~~T\ S CON TRACT O R G  

.
,

B PERF ~~~~~

’
NG ORGAN IZATION N A M E  AND ADDRESS 10. PROGRAM ELEMENT . PROJECT , T ASK

AREA & WORK UNIT NUMBER S
VNaval Weapons Center ,—~NAVELEChina Lake, CA 93555 ~~~~ j ~)4ee4~~~~~Ø0

II C ONTROLLING OFFICE N A M E  AND A £55 ..._— — 12 REP RT DATE

Naval Weapons Center 1977
13. NUMBER OF PAGESChina Lake , CA 93555

20
4 MONITORING AGE CV NA SS(II dlU.r..i I Iron, Co..~~oUSn4 Olfic.) IS. SECURITY CLASS. (of IhI. roper?)

(1II):~~E~ ISa. DC CL ASS IFICAT ION ’DOW NG RADING
UNCLASSIFIED

SCH E D U L E

IS. DISTRIB UTION STATEMENT (of thi. Rapori)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of UI. ab.tract onf.r.d In Block 20. If dlff.r..~, Iron, R.pon)

i.
IS SUPPLEMENTARY NOTES

IS. KEY ~~~RD$ (Conilon. on ,.v~~.. .ld. If n.c..~~~ ond Il.nU& by block n~~ ba~)

Interference
Millimeter reflecting antennas
Radiation patterns
Sidelobe antenna patterns 14Submiuli..ter r .fl.~~t 4,~g ani~~nn~~~20. AS SYRACY (C.nhInu. .1 ror~~.. .14. Il onc..on.y n,,4 g4n,uII~. by block n,, ,b.r)

See back of form

:;r

I ~~~~~) 
1 

/ 
_ _

473 EDITION O~ I NOV 01 IS 05501.1’S
S/N 0102 LP ~~~~ 

UNCLASSIFIED
•I CU RI Y V CLA1$IPI CAY~~ N OF THIS PAGE ~~on D~~a ~~~~~~~



UN CLASSIFIED
SEr URITY C L A S S I F I C A T I O N  OF THIS PAGE(MS.n Oat. Ent.,..d)

(U) CharacteriBtica of Large Millimeter and Sub-
millimeter Wave Reflecting Antennaa , by West Katzenstein.
China Lake, Calif., Naval Weapons Center, September 1977.

-20- pp . (NWC TP 5980 , publication UNCLASSIFIED.)

(U) This document examines character istics of
large reflecting antennas at short (millimeter and sub—
millimeter) wavelengths, emphasizing analysis of their
susceptibility to interference from off—axis direc-
tions . Allowable deviations from the desired reflect-
ing sur face are measured in terms of wavelengths;
and , the required tolerances become severe at milli-
meter and submillimeter wavelengths. 

~ 
As a given

reflector is used at higher frequenci~s, increasingly
greater amounts of energy are scattere~I out of themain beam by surface deviations . Thisj energy appears
in a narrow—scatter pattern , however , ,‘and does not
increase the susceptibility to interference from off—
axis directions .

(U) Energy transmission at angles outside of main
beam and the near sidelobes is due to energy f rom the
feed not intercepted by the reflector (spillover) ,
the diffract ion pattern created by the reflector edge ,
energy scattered by the feed and its supports , and
the interference patterns set up by the interaction
of these three mechanisms. The far and back sidelobes
of large reflecting antennas tend to diminish with
increasing frequency, while the fa r sidelobe at the
shadow boundary and the backlobe tend to remain
constant .  b.Thus, measured levels of f ar sidelobes ,
back sider~~es and the backlobe made at lover fre-
quencies arE~useful for estimations of interference
levels at hi~~er frequencies, until measured data
are available.\ An example referenco pattern is
presented.
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INTR ODUCTI ON

This document will examine characteristics , achievable main beam
radiation patterns, and frequency dependence of the far and back side—
lobes of large reflector—type millimeter and submilliiueter wave antennas.
An antenna is generally considered large if it has a diameter—to—
wavelength ratio greater than 100. A discussion of the susceptibility
of these antennas to interference from other emitters and a curve indi-
cating the maximum magnitudes of the near and far sidelobes will be
presented . This curve must be regarded as provisional until it can be
substantiated by measured data but is nevertheless useful for predicting
levels of interference between systems.

CHARACTERISTICS

The requirements that a given millimeter wave antenna collect energy
from a preferred direction , while suppressing terrestrial or galactic
noise and signals from interfering emitters received from off—axis
directions, place constraints on its entire radiation pattern. Thus, a
full 2ir—steradian radiation pattern must be characterized at millimeter
frequencies to enable predictions of interference levels between systems.

The radiation pattern of an antenna can be broken into roughly four
regions, which outline the mechanisms responsible for the pattern
(Figure 1))- The mainlobe and near sidelobes, Region I, are the diffrac-
tion pattern caused by the feed illuminating the reflector. The far
sidelobes, Region II, are the sum of feed energy not intercepted by the
reflector (spillover) and the interference pattern created by the illu-
mination of the reflector edge. The backlobes, Regions lIlA and IIIB ,
and the rearlobe, Region IV , are due to the reflector edge interference

• pattern alone since the reflector obscures the feed in this area. Special-
ized mathsmatical techniques have been developed for each of these regions ;
the resulting formulas can be used to make predictions concerning milli-
meter wave antennas.

‘The Ohio State University. The Wide Ang le Side Lobes of Reflector
Antennae , by P. A. 3. Ratnasiri , R.  G. Kouyoumj ian , and P. H. Pathak.
Columbus , Ohio, 23 March 1970. (Technical Report 2183—1, publication
UNCLASSIFIED.)
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A: REGION I
A 

FORWARD AXIAL REGION

\ \:~~~ 
B: REGION II

FAR SIDELO B ES

C: FEED

D: REFLECTOR
‘I c E: REGION lilA

H BACKLOBE S

F: RE G I ON IIIB
BACK LOB ES

E
G. REGION IV

REAR AXIAL REGION

G F H: SHADOW BOUNDARY

I I: INTERFERENCE BOUNDARY
(TANGENT TO SURFACE AT EDGE).

FIGURE 1. Regions Used for Analysis of Radiation Pattern.

Two features of millimeter wave antennas distinguish them from lower
frequency antennas:

1. Physically small reflecting surfaces can be very large with respect
to the wavelength in question.

2. Physically realizable reflector surface tolerances can be a signi-
ficant fraction of a wavelength.

The large amount of aperture available makes possible , in principle ,
the design of antennas with very sophisticated patterns. The relatively
severe surface tolerance limitations create phase errors in the reflected
radiation , however, and can scatter significant amounts of energy out of
the intended or designed radiation pat tern .

MAIN BEN4 AND NEAR SIDELOBES

Equation 1 describes the far field radiation pattern created by illu-
minating a perfect reflecting surface with electromagnetic energy.2

G~
(O ,$) ~ I ff ( ~ )e~~ ~cis I 2 

, (1)
A f [f (~))  dS

1965
~

28am~~ 1 Silver. Micrcz~aue Antenna Theorj and Design. New York , Dover ,

_ 
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where

(O ,~~) = spherical coordinates of observation point
= aperture vector position variable

P0 — unit vector in the direction of observation
dS = element aperture area

f ( r ) = aper ture illumination funct ion
A = wavelength of radiation

This expression involves mathematical approximations to the field coor-
dinates which make it valid near the forward major axis of the antenna
only. It does not include effects of feed blockage or tolerance limi-
tations of the reflector surface. For the special case of uniform
illumination over the aperture, the major axis (Z—axis) gain is given by

I \~I irD IG~~(O ,O) = (2)

= eff iciency
D = aperture diameter

Gravitational loading, thermal stresses, aging, and the limitations
of fabrication processes result in deviations from the des ired reflecting
surface. These surface tolerance limitations cause deviations from the
desired aperture phase distribution. The effects  of perturbations of
the aperture Vhase distribution function have been examined by Ruze 3
and Scheffler 4. Their formalisms are presented here.

Ruze modified Equation 1 by introducing a phase perturbation
function, 6(r).

G(O,~) - ~
!L~ 

ff(~~ 
r + 6(rfldS~ 

2

A J’[f(~)) dS

I
3John Ruse. “Antenn a Tolerance Theory—A Review ,” Proceedings of

lEE, Vol . 54 , No. 4 (April 1966), pp. 633—640 .
4H. Scheff 1cr. “liber die Genauigkeitsforderungen bei der Herstellimg

opt ischer F1~chen fu r astronainieche Teleekope, I Zeitschr if t fUr Astrophysik
55, 1962, pp. 1—20.-

S
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By assuming that phase perturbations have a mean square value and a
correlation distance C across the aperture, Ruze found

G(O ,4~) = G p (O ,l~)e 6 
+ (2irc)

2 
e~~52

~~~~ 
n~~ 

e
_ h g

~~
2
~~

62
= Gp(0.~ )e + G8(e) (4)

— (5)

‘ A /
— ~~~ e

n = summation index

where

— effective 1~4S reflector tolerance.

The radiation pattern is the sum of the pat tern in the absence of toler-
ance limitations, Gp , which has been degraded by the exponential factor ,
and a scatter pattern, G8. The assumption of uniform illumination across
the aperture has been made in the derivation of the scatter pattern.

Scheffler (see Footnote 4) derived a closed—fo rm expression for
the scatter pattern , which is valid for uniform illumination.

G ( O ) - 
(

~~~~
)

2 [ - e~~~ ] e
_ u / ~~

2 
(6)

for 62 < 1

G (O) — (__ )

2 I ~. e~
6 

I e
_
~~Cu/~~

2
hI~~ (7)

for 62 > i.

These equations describe the following important characteristics of
reflector antennas as they are used at higher frequencies .

1. As the frequency increases the main axi s gain of a given antenna
increases to acme maximum value and then decreases. The initial increase
is due to the growing number of wavelengths across the aperture; the
decrease is due to the exponential factor that predominates at higher
frequencies . This limiting behavior in attainable gain is illustrated
for several large an tennas (Figure 2) (see Footnote 3).

6
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A : LEBEOEV - 72 FT70
B : H A Y STA CK - 120 FT
C : PARKES — 210 FT66
0 :  ARECI8O — 1,000 FT
E • AEROSPACE — 15 FT

- so U. TEXA S — 16 FT

i 

F 
E H :  GREENBANK 300 FT

‘0 F : GOOD — 85 FT
G :  28 FT SPUN CAST

50

H G

40 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0.3 3 30 300
FREQUENCY , GHz

FIGURE 2. Gain of Large Paraboloids (Based on
Published Estimates).

2. The energy lost f rom the princ ipal pattern appears in the scatter
pattern. The magnitude of the scatter pattern increases with frequency
for a given reflector and illumination function until the magnitude domi-
nates the principal pattern.

Thus, as a given reflector is used at increasingly higher frequencies,
the energy received from or transmitted to a given target will suffer-i
a loss described by e 6 

, and the received noise level will be increased
due to the larger scatter pattern. The increase of noise will be a
function of the environment in the pointing direction of the antenna.

The effects of surface errors on the main axis gain of the primary
and scatter radiation patterns are plotted for a 10—meter reflector with
assumed efficiency of 0.8 (Figure 3). Equations 2 and 4 are used to
express the primary on—axis gain.

irD 2~~6
2

G ( 0 ,0) — Tl (r— ) 
e (8)

7
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90 € - 0.01 mm __ __

—. — ö15 mm

80 . — — — or ~~~~~~

70 /
// ~~ 0.5 mm 0.1 mm

1~
0.06 mm

e - R M S0.5 mm 
SURFACE ERROR

50 
0.01 mm ~~~~~~~ D DIAM ETER

7) EFFICIENCY

~~~40 . \~~~_ _~~~
‘
~ 

D 10 m C - CORRELATION
DISTANCE

30 
PRIMARY

/ PATTERN
20 . / - SCATTER

I I PATTERN
10 I

II It

j  ioo 200 300

-10 I FREQUENCY , GHz

FLQJ&E 3. Main Axis Gain for a 10—meter
Reflector (Primary and Scatter Patterns)
as a Function of Mechanical Tolerance .

Equation s 6 and 7 are used for the scatter pattern main axis gain.
Table 1 indicates that c — 0.5 mm is a worst case , 0.1 mm is typ ical ,
and 0.05 mm is attainable . c 0.01 mm is included in Figure 3 to
illustrate the advantages available from improved fabrication techniques.
A correlation distance of D/25 is assumed since Ruze measured a correla-
tion distance of about D/25 for the HAYSTACK radio telescope (see
Footnote 3). Figure 3 indicates that greater precision allows operation
at higher frequencies and shows that the principal pattern is dwarfed
by the scatter pattern at sufficiently high frequencies for a given
precision.

The on—axis scatter pattern gain reaches a limiting value given by
Equation 9 at large values of ~~~~.

G ( 0) — ( ~ ) 
for 62 >> 1 (9)

This behavior is seen in the curve for  £ — 0.5 mm in Figure 3, noting
that ~7 increases with frequency for fixed c.

8
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A computerized analysis of the gain of large reflecting antennas
using infinite series expressions for the scatter pattern as in
Equation 4 has yielded on—axis behavior with increas ing frequency
similar to that presented here. 5

The angular spread of the scatter pat tern is of great importance
for prediction of interference between equ ipments. Equations 6 and 7
are used to predict the 3— and l0—d B points of the scatter pat tern for
£ — 0.1 mm as a function of frequency for a fami ly of reflector diameters
(Figure 4). The scatter pattern narrows with increasing frequency until
it reaches some limiting value. Table 2 presents the limiting values
reached for  a cross section of tolerance values. Note that the scatter
patterns are very narrow, even for an extreme worst case 0.5-mm tolerance
and a 1-meter diameter .

I 

~~~o AMrnR
— 

~~ _ _ ~~~

_

~~~

- ~: 
CORRILATION DISTANCE

• ‘4. SURFACE ERROR

D - 3 0 m
€ 0 . lmm

- C-D/26  -

I 0.01 I
- 100 200 300

FREQUENCY, 0Hz

FZGU~E 4. Scatter Pattern Bea~~idth for £ — 0.]. me.

• 5a. Zucker. “Gain of Antennas With Random Surface Deviat ions .”
- 

The Bell Sy stem Teo mioal Journal , Vol 47, No. 8 (1968), pp. 1637—1651.

10
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TABLE 2. Limiting Scatter Pattern Beamwidth.
Diameter , me ter

1.0 10 30
C, mm

________ ________ 

Beamwidth ,  deg a 
_________ ____________

03 dB 010 dB 03 dB ~l0 dB 03 dB 010 dB
0.01 0.048 0.087 0.0048 0.008 7 0.0016 0.0029
0.03 0.14 3 0.261 0.014 0.026 0.0048 0.008 7
0.05 0.239 0.435 0.024 0.043 0.0080 0.0145
0.10 0.477 0.869 0.048 0.08 7 0.0159 0.0290
0.20 0.954 1.74 0.095 0.174 0.0318 0.0580
0.30 1.43 2.61 0.143 0.261 0.0477 0.0869
0.40 1.91 3.48 0.191 0.348 0.0636 0.116
0.50 2.39 4.35 0.239 0.435 0.0795 0.145

a Beamw idth

SURV EY OF LARG E REFLECTING ANTEN!VS MAIN BEAM PERFORMANC E

The construction of large antennas with high precision is particu-
larly difficult. Table 1 summarizes characteristics of a number of
large millimeter wave antennas.6 Note that attainable mechanical
precision for structures approximately 10 meters in diameter is about

• 0.10 mm , and that tolerances as measured by the Ruze method (see
Footnote 3) (examining the exponential decay in on—axis gain) are about
one—half larger than mechanically measured tolerances.

Figure 2 presents the main axis gain for a number of large antennas.
The exponential decay in performance at high frequencies due to surfac e
errors as predicted by Equation 4 is evident. Note that large main beam
gains at millimeter wavelengths (frequencies greater than 10 GHz ) are
generally more readily attained with smaller antennas since they can be
made with greater precision .

The state—of—the—ar t in radio astronomy antennas for  use at short
wavelengths is represented by the 13.7—meter diameter Five Colleges
Radio Astronomy Observatory (FCRAO) antenna at Amherst , Mass. , which
will provide precision operation to 300 GHz .7 This antenna has main

6j ohn R. Cogdell and others. “High Resolution Millimeter Reflector
Antennas , ” IEEE T~z ’aneactiona on Antennas and Propagation , Vol . AP-18 ,
No. 4 (July 1970) , pp. 515—529.

7Michael O’Bryant . “Radio Astronomy Millimeter Antenna Dedicated ,”
Mioro~ive Jour na l , Vol. 19, No. 11, November 1976.

11
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axis gain of 79 , 81, and 80 dB at frequencies of 100 , 200 , and 300 GHz ,
respectively. The roll—off in gain above 200 GHz results from an RNS
surface tolerance of 0.08 mm. The antenna is designed for minimal de-
formation due to gravity and is covered by a 20.7—meter—diameter radome
with a controlled environment to minimize weather e f fec ts  on the parabola.
Several other large radio astronomy antennas can be used at frequencies
up to 300 GHz .

FAR SIDELOBES

The far sidelobe radiation pattern (Region II in Figure 1) is the
power sum of electromagnetic energy radiated by three mechanisms .

1. Energy radiated directly from the feed.
2. Reflected energy which is scattered by the feed and its supports.
3. Energy radiated by diffraction at the reflector edge.

Tolerance limitations of the reflecting surface have no direct e f fec t
on the far sidelobe patterns .

Ratnasiri , Kouyoumj ian , and Pathak have derived expressions for
the diffracted field using the geometrical theory of diffract ion (see
Footnote 1). Using their results , it is possible to write an expression
for the radiation pattern in the far sidelobe area , valid everywhere in
Region II except near its boundaries. This expression ignores energy
scattered by the feed.

T1E(O) + T2E (O) + T3E(0) (10)

H H H H

where

f~ (a)

T1E(O) 
~~
2(8~k) 

ath 8 + C~(0) 
(11)

+ 2Bg(0)CE sin (kD sin 0)

H H  J

12
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SE ~E ~~ ~E ~~ 0)

H H H 
______T2 E (O) 

RoV9
~W sin 0 [BE 0

H

kDcos (kRo + — sin 0 + kF cos 0)

+ CE (O) ~~~~~~ (kRo — + sin 0 + kF cos 
o)j 

(12)
H

1 2T3
E

(O) = 

~ 
— 0) (13)

H H

cos 0SE lcos 01 SH (14)

1 + 1 (15)BE (O) = 

cos (i +
~ ) 

- 

cos (B +
~

)H

1 + 1 ( 16)CE (O) = 

cos
(i 

— cos (8 —H

it 1 ~~ j2F Dy = ~~- — ~~~ tan 
~~

— - .

~~~~
) 

(17)

3n -1 ‘‘ 2F D8 — —
~~~ 

— tan (4F/D) + tan 
(
~

— - (18)

2ffk = - X —  (19)

f
~

(0) is the E plane radiation pattern of the feed , measured relative

H H
to its major axis. Figure 5 defines the geometrical variables used in
this expression. GE and GH describe the power radiated in the E and H
p lanes , respectively .
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FI~ JRA 5. Geometrical Param,t.rs
Used in Far and Back Sidelob.
Analysis.

The f i rs t  term of this expression, Ti, is the power radiation
pattern of the diffracted energy , the third term , T3 , is the pattern of
the unintercepted feed energy, and the second term , T2 , is caused by the
interaction of the feed and diffraction energy.

If cons t an t feed illumination , 
~E~

0
~~’ 

and antenna geometry are
H

assumed , then certain statements concerning the effects of using a given
reflector at higher frequencies can be made. The only frequency depen-
dence in th is expression is in the wave number , k. Since the quantit :~kF will be much larger than it at millimeter wavelengths, the occurrence
of k in the cosine and sine terms in Tl and T2 will  result in their rap id
oscillation between ±1 with small changes in 0 resulting in a f ine
structure to the overall pattern. Changes in k will shif t the phase of
this fine structure, but not seriously alter the magnitudes of it peaks.

The wave number enters also as a multiplicative constant, 1/k , in
the first term of Equation 10, and as a multiplicative constant’j17k in
the second. With increasing frequency (increasing k) the contributions
of the first and second terms will decrease while the th ird term will
remain constant if a fixed illumination function is assumed.

Thus, it can be concluded that the far sidelobes of an antenna will
diminish as a given reflector with fixed illumination is used at high.r
frequencies if scattering of reflected energy by feed structures is
ignored .
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SHADOW BOUNDARY

An important far  sidelobe occurs near the boundary separating Regions
II and lilA due to the in—phase addition of direct feed radiation with
energy diffracted by the reflector edge. Ratnasiri and others, have de-
rived expressions for the radiated fields at the boundary (see Footnote 1).
These expressions involve Fresnel integrals and are sufficiently compli-
cated to require computerized analysis for precise computations. In another
publication, however , Kouyoumjian and Pathak present a series expansion
f or the Fresnel integrals, and an analysis of the wave number (k) depen-
dence of the power transmitted at the shadow boundary is possible , using
only the lowest order term of the expansion.8 The resulting gain function
has a term proportional to D, a tens highly oscillatory which is roughly
proportional to\f~7i~ and a highly oscillatory term roughly proportional
to 1/k. For a 1—meter reflector and a frequency of 100 GHz , the second
and third terms are 17 and 33 dB below the first , respectively. The first
term is therefore dominant at millimeter frequencies and is given by

G E (O) f~~(0) {
~ (si~ ~) + 1 + SE~~/~~~(2 ~ in 0) cos X~ (20)

where

x = [2i~~o cos2 (~ +~~~ - kRo + sin 0 - Fk cos 0] (21)

This expression is valid near the shadow boundary , for which 0 = 2y.
Equation 20 indicates that the power near the shadow boundary is the
sum of direct feed energy (second term),  diffracted energy (first term),
and a fine structure resulting from the interaction of these two
(t hird term).

It can be concluded that the peak in the far sidelobes at the
shadow boundary will tend to remain constant in magnitude as a given
reflector with a fixed illumination function is used at higher
frequencies.

BACKLOBES

The radiation pattern in Regions lIlA and IIIB of Figure 1 results
from edge diffraction alone since the feed is blocked by the reflector.
The radiated power in Region lilA is described by

/
G
E

(O) 
~ ) ~~ 

~ 
~~~~~~~

_. 
[B~ (0

)] 
(22)

8Robert C. Kouyoumjian and Prabhaker H. Pathak, “A Uniform Geometrical
Theory of Diffrac tion for and Edge in a Perfectly Conducting Surface,”
Proceedings of the IEEE , Vol. 62, No. 11 (November 1974), pp. 1448—1461.
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The pattern in IIIB is described by

/
‘
~E 

(ct)\2

G
E

(O)cr ,

~~~ I ~ ~ ~k [B~
(e) + C~(0) (23)

+ BE (O )C E (O) sin (kD sin 0)]
H H j

The expression for  Region lilA is not valid near the boundary of Region II.

Note that the overall magnitudes of the patterns described by
Equation s 22 and 23 are diminished by the factor 1/k as the frequency of
operation increases with all other parameters being held constant. Thus,
the rear s idelobes will become smaller with increasing frequency .

REAR AXIS PATT~~N

The geometrical theory of d i f f rac t ion  cannot be applied on the
rear axis s ince it is a caustic for the diffracted rays (see Footnote 1).
Ratnasiri and others have derived an expression for the pattern maximum
which occurs on the rear axis using the ring current method . This expression
is frequency independent. Thus, a given reflector will tend to demonstrate
no change in the magnitude of the rear pattern maximum as it is used at
higher frequencies with fixed illumination .

EXAMPLE OF PATTERN PREDICTION USING
THE GEOMETRICAL THEORY OF DIFFRACTION

Figure 6 ( f rom Footnote 1) compares a measured antenna pattern with
a pattern calculated using the geotnetrical theory of diffraction for
a prime focus—fed parabolic reflector with a diameter of 20.3A at 10 GHz.
Note the excellent agreement between the measured and predicted patterns.
The occurrence of a peak in the far sidelobes near the shadow boundary
is shown in this figure.

CASSEGRAIN ANTENNA S

Many antennas used at microwave and millimeter frequencies are of
the Cassegrain geometry (Figure 7). The far and back aidelobe patterns
of the Cassegrain ant enna will di f fer  somewhat from those of the prime

16
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focus—fed antenna discussed above. The mechanisms respons ible for  these
patterns are:

1. Energy f rom the f eed reflected by the subreflector  onto the
main reflector creates the desired or principal pattern .

2. Blockage by the subreflector and its supports degrades this
pattern somewhat.

3. Feed energy not intercepted by either ref lector  (sp il lover ) is
radiated into space.

4. A diffraction pattern is created by the edges of the subreflector.

5. A diffraction pattern is created by the edges of the main sub—
reflector , which is illuminated by the subreflector or its diffraction
pattern .

A geometrical theory of diffraction analysis of the Cassegrain
antenna would differ in several respects from that of the prime focus—
fed antenna:

1. The spillover radiation from the feed becomes inverted with angle
since the feed is pointed along the main ref lector axis instead of against
it. Thus, the main feed sidelobes will be closer to the antenna main f or—
ward axis.

2. The diffraction energy due to the subreflector being illuminated
by the feed will be introduced .

3. The main reflector edges will now be illuminated by energy either
diffracted or reflected from the subreflector , instead of by energy direct—
ly from the feed. Efficient use of the aperture requires that most or all
of the aperture be illuminated . Since the fields are continuous at the
boundary between diffracted and reflected energy, the main reflector edge
will receive illumination comparab le to that of a prime focus—fed antenna,
for either reflection or diffraction illumination (see Footnote 8).

Thus, the primary differences between prime focus— and Cassegrain—
fed antennas will be the inversion of the feed spillover pattern and the
addition of diffraction energy f rom the subreflector . The angular distri—
bution of the diffracted energy will show a 1/k frequency dependence , and
the angular distribution of the interaction of the feed energy with the
dif f rac t ion energy will show a \Ii7i~ dependence , as in terms one and two
of Equation 10, respectively.

18
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it can be concluded that the far  sidelobes , rear sidelobes , and
backlobe will show the same general improvement with increasing frequency
for fixed illumination function for a Cassegrain—fed antenna as for a
prime focus—fed antenna. The principal pattern degradation with increas-
ing frequency , due to surface tolerance limitations, will be the same for
either feed type.

VALIDITY OF ANALYSIS AT HIGH FR EQU ENCIE S

The tolerance analysis is valid to optical frequencies, since
Scheff ler’s analysis of the scattered pattern was done for optical devices
(see Footnote 4). The diffraction analysis does not include irregularities
in the di f f rac t ing  edge or edge thickness which may become more important
at h igher frequencies .

SUMMARY AND CONCLUSIONS

The degradation of the principal pattern due to tolerance limita-
tions of the reflecting surface is the main obstacle to utilization of
large reflectors above 100 GHz. As a given reflector is used at higher
frequencies , assuming fixed illumination, its gain reaches a limiting
value and then diminishes. This lost energy appears in a narrow scatter
pattern, which becomes larger than the principal pattern at sufficiently
high frequency.

The appearance of the scatter pattern due to tolerance limitations
of the reflecting surface will result in increased probability of receiv-
ing undesired emissions from threat emitters. This pattern is narrow,
however, as shown in Table 2, and good system design can preclude inter—
ception of unwanted emissions.

Far sidelobe levels will generally decrease as parabolic reflectors
are used at higher frequencies. Tolerance limitations in the reflecting
surf ace do not impact on far or backlobe levels. Thus, immunity to
energy received through the far sidelobes will increase .

The sidelobe near the shadow boundary caused by in—phase addition of
feed spillove r and diffracted energy will tend to remain constan t at higher
oillimeter wave frequencies.

Backlobe levels will generally decrease with increasing frequency ,
causing greater interference immunity.

Raar axis lobes will tend to remain constant as parabolic antennas
are used at higher frequencies, result ing in no increased suscept ibili ty
to undesired emissions from this direction.
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It can be concluded that the reference radiation pattern for large
terrestrial parabolic antennas operating between 2 and 10 GHZ* (Figure 8)
is useful for caluclatlons of interference between services at milli-
meter wavelengths , since the far and back sidelobe levels of large milli-
meter antennas will generally be equal to or lower than those specified
in the reference pattern. This reference pattern can be replaced with
measured data when this data becomes available for millimeter wavelengths
and should be regarded as provisional for these frequencies.
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~Present ed in Report 391—2 and Recommendat ion 465—1 in Volume IV ‘

of the Green Books published at the Thirteenth Planning Asseithly of the
International Radio Consulation Committee (CCIR) .
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