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ABSTRACT

This report presents the design and results of a gap-filler antenna for
use in conjunction with the AN/FPS-503 McGill Fence doppler detection
antenna. The antenna is basically a sectoral electromagnetic horn capable
of producing a rectangular-type pattern in the elevation plane and a semi-
circular pattern in the azimuthal plane. The respective patterns are
achieved by means of a metallic post located in the mouth of the horn and a
set of metal flanges attached to the long sides of the antenna aperture. The
maximum gain of the antenna relative to an isotropic radiator is about
8.4 db.
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DESIGN OF A GAP-FILLER ANTENNA FOR AN/FPS-503

- J.Y. Wong -

INTRODUCTION

The AN/FPS-503 antenna employed in the McGill Fence doppler detection system
is of the horn-reflector type. The reflector consists of a doubly curved surface
designed to produce a cosecant-squared type of pattern in the elevation plane.
Measured radiation patterns [1] reveal that the coverage in a sector over the antenna
is inadequate and fails to meet the system's requirement.

A request was received from the Special Contract Department, Trans-Canada
Telephone System, Montreal, to design an antenna which would be used in conjunction

with the AN/FPS-503 for the purpose of providing adequate overhead coverage.

This report presents the design and results of a horn-type gap-filler antenna
developed for this purpose.

ELECTRICAL REQUIREMENTS

The antenna is to possess horizontal polarization and operate over a band of
frequencies from 482 mc/s to 492 mc/s. The specifications require a coverage
diagram which is approximately semicircular in the azimuthal plane and rectangular
in the elevation plane. The field strength at any angle must not be 3 db below the
ideal patterns shown in Fig. 1. The antenna is to have a maximum forward gain
relative to an isotropic radiator of not less than 8 db and the back lobe must be at
least 20 db down.

DESIGN CONSIDERATIONS

Examination of the elevation plane pattern shown in Fig. 1 leads one to suspect
that perhaps this type of coverage can be approximated by an antenna (with certain
modifications) producing a conventional beam-shaped pattern. If one superimposes
a conventional pattern on the ideal pattern so that the maxima are coincident, it is
apparent that, in order to satisfy the pattern requirements, the sector from about
50° to 90° must be filled in.

The wide-angle coverage in the azimuthal plane suggests an antenna having a
narrow aperture in this plane. Considering these factors, pattern measurements
were carried out on an H-flare sectoral electromagnetic horn.

The aperture dimensions of the basic horn configuration were approximately
0.35A in the E-plane and 2A in the H-plane. It is known that a certain degree of
beam-ghaping can be achieved by the use of obstacles placed in horn and waveguide
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apertures [2]. Applying this technique to our problem, H-plane pattern
measurements were conducted with circular metallic posts of various sizes
placed in the mouth of the antenna. Post diameters ranging from 2 inches to

3% inches were investigated. It was found that the amount of beam-shaping was
dependent on two parameters, namely, the size of post, and the position of the
post along the aperture of the horn. However, no pair of parametric values could
be found which gave the required amount of beam-shaping.

In order to create additional phase distortion of the wavefront and hence further
beam-shaping, it was believed this result could be accomplished by cutting off a
corner of the aperture. An arbitrary diagonal cut subtending an angle of 30° with
the face of the aperture was made. A good approximation to the ideal pattern was
achieved finally, utilizing a post 33 inches in diameter placed 2} inches from the
center of the aperture. However, the back lobe was of the order of about 25 percent.
In order to reduce rear radiation to an acceptable value, the horn was fitted with a
pair of quarter-wavelength parallel-plate chokes.

Patterns of the antenna in the azimuthal plane were measured with the horn
tilted so that the nose of the beam was at an angle of 30° from the vertical.
Preliminary measurements revealed that energy was being radiated in only a small
sector along the horizon. The horn did not possess the expected wide-angle coverage.

In a paper by Owen and Reynolds [3], results of experiments are given on horns
having rectangular apertures, one dimension of which is of the order of a quarter
of a wavelength, the other being of the order of a wavelength or more. The polari-
zation is parallel to the smaller dimension. Results are shown which demonstrate
the types of radiation patterns resulting when various symmetrical systems of
metal flanges are attached to the long sides of the aperture. In particular, it is
shown within what limits the form of the radiation pattern can be regulated by
this means, and to what extent it is possible to obtain patterns possessing wide-
angle coverage.

Applying their results to the present design, and after a series of measurements
involving flanges of various configurations, acceptable patterns were obtained for
a set of flanges having the dimensions shown in Fig. 2. Again, in order to satisfy
the back lobe requirements, parallel-plate chokes attached to the flanges were
required.

Constructional details of the experimental horn antenna are given in Fig. 2.
Fig. 3 is a photograph of the antenna tilted at 30° from the vertical and in position
for azimuthal plane pattern measurements. Radiation patterns of the antenna are
given in Figs. 4 and 5 for frequencies of 482 mc/s and 492 mc/s, respectively.
The dotted curve in each case is the ideal pattern, and it is observed that the
antenna satisfies the pattern requirements as outlined under "Electrical Requirements'.



80"
, . FLANGES WITH
-1 70 . /' M CHOKES
a, [T =] ,a
b i |
i TT -rl 1
by o
T T P
3 . ® Wiem L= m ol
= ; HREE
] =~ ll’
SR . - aillEs
i
COAXIAL - WAVEGUIDE - I =
TRANSITION L
SIDE_VIEW 3.5" 0.D.
240° BRASS TUBE
FRONT VIEW
] /ei:
804+ §
. 3¢
»*/ /7
SECTION A—A
FIG. 2 CONSTRUCTION OF EXPERIMENTAL HORN ANTENNA

LHIYD IS



gt g

" '3 " i

» ! v g ~ W .

i B 1y S ‘q\"\;.'r‘ "E?l;.
a4

FIG. 3

VIEW OF ANTENNA IN POSITION
FOR AZIMUTHAL PATTERN MEASUREMENT

SECRET




NATIONAL RESEARGH COUNCIL OF CANADA
ATENRA- PATTERN RAsE

MATIONAL RESEARCH COUNGIL DF CANADA
ANTENNA- PATTERS RANCE.

MATIONAL RESEARGH GOUNCIL OF CANADA
ANTENNA- PATTERS RaNGE

| sear [ woaee race. wen

= [eme roes

e

[ roca. vaz_wu

| roraactarion, Hom-

| acrua rmen. vz wa

'::'
(KL
7
LI

OO AR
B s it WS
KNI HIRIRRRRS
i S
S SSRAHIRRSR
2000 XXIRY o8
] X .
SRRK RSO
X 53
oo

0%

(N

SR
P g.., = o

196 a5 Mo
KELATIVE FIELS STAENETH

RILETIVE FIELD STAENSETH

TRt
RN
g .’-’."" 00
'h,’"l 4]

196 tro

180
RILATIVE FIELD STRENETR

;l.'.}‘;_ AmTRRNA EXPERIMENTRL MODEL OF RAN/FPS-06 ;,',:{,‘;‘ ATENRA: EXPERIMENTRL MQDEL OF AN [FPS-506 s ANTRmNAn EXOERIMENTAL MODEL OF AN/fERS-504
. N AEWARKS: 3.5 °OD- FOST PLACED 2-5°LEFT OF ¢ - P N REMARKS: J-5 Db FOST PLACED 25 LEFT OF ¢ ’ N REmanxs: 35°0D ROST AACED 8 S"LEFT oF ¢
FLANGES [LEMITH 12 ALANGES (LengTH FLANGES [LENGTH 2°
/ \ e 5. / \ ez / \ eSfnes Sor
| | |

\ / \ / ,—— \ / r“

NS oaTE: June, 1958 N/ SATE: JUNE, 1955 N~ OATE: JIWE, 955
™

FIG. 4

MATIONAL RESEARCH COUNCIL OF CAMADA
ANTONRA- PATTER RANSE

ey Tooas,

[ weoer rmea: e

| roranuzarion, som-

| scrun. race. 4ge were

.
SO

S 0,9,
N I gyer,
Nt v, 4
R
XN

¢/ l,[ \\\
TR
QAN
ST
l" .

W e 110
RELATIVE FIELD STREWSTW
p MTENRA. EXPERIMENTRL MODEL
. Sy |Muasss: 35700 AooT AACED
INOES (LENOTY 12
/ \ o {m go‘
[ |
\ /
N e e /

oates JisvE, 958

ANJFPS-506
28°LEFTOF -

RADIATION PATTERNS OF ANTENNA AT 482 mc/s

LHIYD IS



NATIONAL RESEARGH GOUNCIL OF CANADA

NATIONAL RESEARGH COUNGIL OF CANADA

NATIONAL RESEARCH COUNGIL OF CANADA

ANTEN- PATTERN RANEE

| soue | weoze rmen, were

| seae [ sooes rmso, ww

| e e 492w

| rocanzarion, Hom- | acrum rmes. 492 wws

2
111 TN

% N
TIRRRY
A TINRIRRR
AT
18 “‘\
2 s

Ty,

AL

m/,{/';,f
%

AN
SSATAIRRRRK
SN “\‘:“s

1

¢/

(7
L7

>

g ]

{2
S,

O
5
o,

%
%
XX

S

ﬁ%&

R
SRS

e
RIS

A%

»

L

\‘I‘

%

)

WM e

O TR
S “uﬂ"'ﬂ{h
7
i,

2
%
2%

W
TR
AT
"“‘.\\\}8\‘&
FARCSOCS

" 160
10 Tig MO
AMLATIVE PIELO STRENGIW RELATIVE PIZLO STRENSTH
i ANTEMRA EXPEDRIMENTSL. oF ANJFES-506 R AR MODEL OF RNJFPS-506 e anvEnak EXPERIMENTIL MODEL OF ANMARS-506
, \\ ALWARES: 350D FOST RACED B5°LEFT O~ ¢ - - <\ atuassy. 35°0-D- POST AUSCED &5 “LEFT OF ¢ - P \\ SLMARRS: 3-5°0-D- FOIT AACED 85" LEFT OF -
FLANOES [LENDTY 127 FLANGES [LENGTH @2° LENOTH 12°
/ AL PN / \ {m 240" ! \ FLANGES {mu.- 500
1 ! | 1 )
\ v J \ J
N/ ATE JUNE, 55 N~ ATt Rws 255 N/ sare: JUNE, 1958
MATONAL RESEARGH COUNGIL OF CANADA
ANTEIEA- AT TERN AARSE
wosaL: [ seur. Far [ weor rmsec e
ruane: H | reuanzarion. HOR | acrum.Fmes, 492 wwe

FIG. 5

180
WELATIVE PIELD STAENETH

iums, EXPERIMENTRL MODEL OF ANJFPS -506|

nemanxs: 35 °O-D- POST ALACED £6°

RADIATION PATTERNS OF ANTENNA AT 492 mc/s

LIAIDHS



-3 - SECRET

The coaxial-to-waveguide transition employs a conventional probe-type feed.
The actual probe used was from the feed horn of the AN/FPS-503 antenna. Tests
were carried out to determine the position of the probe with respect to the backing
plate in order to achieve the best possible match. A distance of 6-1/16 inches
was found to give the lowest standing-wave ratio over the operating band of the
antenna. Fig. 6 shows a plot of VSWR as a function of frequency for the horn antenna.

The gain of the antenna was measured at a frequency of 485 mc/s. Using the
comparison method, the measurements yielded a figure of about 8.4 db above an

isotropic radiator.

CONCLUSIONS

The antenna was found to be acceptable by the Special Contract Department,
Trans-Canada Telephone System, and production units based on the design reported
herein have been placed on order. The horn antenna has been designated officially
as the "AN/FPS-506".
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