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RADIATION PATTERNS OF PARABOLOIDS

This report contains the results of a study of
various methods of exciting parabololds, made 1In an
effort to obtain methods which would give usable
radiation patterns and at the same time permit wobbling
the beam for spllt-beam direction finding. The curves
(Dwgs. #241 to #258) attached to this report give
representative radlatlion patterns and much of the
Information derived from this study is given in tabular
form on pages 8 & 9.

I. 30 INCH PARABOLOID WITH FOCUS IN PLANE OF MOUTH

1, wave Gulde - Pront Feed (Dwgs. #241 to 7#245)

A4 cm, X 5.5 cm. wave guide 1s fed in from the
bottom of the paraboloid. The mouth of the wave guide
ls placed in the focus, (See Fig. 1)

/

//
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\ " FIG. 1
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In the horlzontal plane the pattern consists of a
mein lobe directed along the axis of the paraboloid and
several secondary lobes. On a voltage basls the half-
width (width at 1/2 voltage) of the main lobe 1s about
10°, The first minimum is at 10° and has a magnitude
of 5% of the peak value. TLobes of approximately 12%
appear at 12°, 25° and 50°, and a smaller lobe at 85°.
These secondary lobes may be to some extent due to the
back radiatlon of the wave guide Iin which lobes appear
at about 25°, 50° and 95°, 1In the horlzontal patterns
of the paraboloid, lobes at 25°, 60° and 90° appear
with more or less conslistent crystal reading magnitude,
(See Dwg. #241).

In the vertical plane the main lobe of the pattern
1s almost identical with that of the horizontal pattern.
Secondary lobses of approximately 129 appear at 12° , 18°,
25°, 35° and 42° In the 45° plane the pattern is quite
similar.
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Keeplng the mouth of the wave gulde In the focal
plane and displacing it from the focus causss marked
changes In the pattern. As the pipe 1s displaced
horizontally, the horizontal pattern becomes asymmetrical,
The main lobe is shifted off the axis In the direction of
displacement, this shift Increasing wlith increasing dis-
placement. A displacement of (/8 gives a shift of 3°;
A/4 gives 5°, As the displacement 1s increased, a lobe
at 12° on the side opposite the displacement increases
in magnitude, being 12% at zero displacement, 18% at //8
19% at (/4. oOther lobes become broader and & little
higher. (See Dwg. #242).

As the pipe 1s displaced vertically, thc central
position of the mailn lobe is changed very little. The
main lobe spreads out at the base to include the
secondary lobes near it., Other secondary lobes become
at first larger and then very small. The pattern remains
symmetrical, (See Dwg., #243).

As the mouth of the pipe 1s dlsplaced along the axis,
a slmilar but less marked broadening of the main lobe 1s
observed. (See Dwgs. #244 and #245),

Rotating the pipe 6° about a vertical axis through
the focus makes little change in the pattern. An
experiment was conducted to find the effect of bringing
the wave gulde back through the edge of t he paraboloid,
(See Fig. 2). No effect on the pattern was observed.

el

r
/
Cj] | FIG, &
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It was thought that 1f standing waves were set up
on the outside of the plpe, they might be removed by
painting the plpe with aquadag. No effect on the
radiation pattern was observed.

The wave gulde was replaced by one whose central
portion was only half as wide 1.,e, 2 em., x 5.5 em,
No change in the pattern was observed,

The radlation pattern of the wave gulde differs
markedly from the theoretical pattern., The theoretical
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pattern is quite smooth; the experimentally obtained
pattern contains many lobes. It was thought that the
secondary lobes 1in the pattern of the pareboloid might
be to some extent due to the lobes in the pattern of
the open pipe. The pipe is made with a 90° bend 1A
from the mouth. A 1A extension at the mouth of a 1£
horn produces a small improvement in the pattern of
the wave guide but little improvement in the pattern
of the paraboloid.

2. Wave Guide ~ Back Feed ~ and Plane Reflector (Dwg. #246)

A wave guide was fed in through the back of the i
paraboloid and a plane circular reflector placed in front.
Best results were obtained with a reflector 1A in diameter
at the focus and the mouth of the wave gulde in an opti=-
mum position near the reflector. Here the pattern 1is
quite comparable wilith the best obtained with the wave
guide fed in from the front. As the wave guide 1s moved
away from the optimum position, the main lobe becomes
wider snd secondary lobes become relatively larger.

This, and the fact that there 1s a lobe at the angle at
whieh the mouth of the pipe is looking past the edge

of the reflector, suggest that the lobes in the pattern
of the wave guide contribute somewhat to the secondary
lobes in the parabolold patterns obtained. (See Dwg, #246)

Other positions of the reflector give less satis-
factory patterns.,

Rotating the reflector about a vertical axls through
the focus does not deflect the main lobe., The beam can
be deflected by moving the reflector horizontally 1in
the focal plane. Such a displacement of A/4 deflects the
beam about 4° in the direction of the displacement but
brings up a high lobe (45%) at 14° on the opposite
slds,

A A/2 reflector at the focus with the mouth of the
wave gulde at the optimum position gives a pattern
comparable with that of a 1A reflector. A good pattern
has not been obtained with a 3{/2 reflector,

It is seen that the reflection 18 not specular,
The reflector must resonate with the radlation and remilt
1t In some way, With the reflector midway between the
focus and the vertex, and the mouth of the wave guide
at the vertex, the pattern would be the same as is
obtained with a wave guide at the focus if the reflection
were Speecular, The pattern 1s quite different, It is
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diffiicult to come to any conclusion on this point because
of the possible effect on the radiation pattern of the
wave gulde,

3. Dipole and Plane Reflector

with a circular plane reflector 1A in diameter at
the focus, and a dlpole in the optimum position, 3.2 cm.,
inslde the reflector, the radiation pattern consists of
& mein lobe on the axis of the paraboloild of half width,
13°, and a secondary lobe of 12% at 25° on each side.
As the dipole 1s moved along the axis either way from
the optimum position, the main lobe becomes broader
and secondary lobes more numerous and larger, Simllar
results are obtained with //2 and 34/2 reflectors and
with the dipole at the focus and the reflector at the
optimum position 2.2 cm. outside.

In the vertical plane the half-wldth of the mailn
lobe 1s 13°, The first minimum is 124 at 12°, The
secondary lobes are about 154 at 15°, oOther secondary
lobes appearing on one slde are probably due to
asymmetry in the experimental arrangement. Asymmetry
is in evidence in a 2° deflection of the main lobe.

Displacing the dipole horizontally deflects the
maln lobe from the axis without producing any serious
asymmetry. A deflection of 2° 1s produced by a dis-
placement of A/8, 4° by A/4. The number of secondary
lobes is increased but none is greater than 12%.

Displacing the reflector A/4 horlzontally deflects
the main lobe 4° in the directlion of the displacement.
On the opposite slide iIs one broad secondary lobe of a
l1ittle less than 20% at 25°. on the other side are
three lobes of 10%. The half-width of the main lobe
1s 15%, Tn the vertical plane the half-width is 13°
and there are no lobes greater than 10%.

Displacing the reflector A/4 vertically produces
a vertical deflection of the main lobe of 3°, The
half-width is 14°, There are no lobes greater than
12%, 1In the horizontal plane the half-width is 15°.
Thure 1s one lobe of 14%. This may be due to an
asymmetry in the pattern which is indicated by a small
deflection of the maln lobe.

4, Dipole and ILine Reflector

With a dipole at the focus and a f/2 line reflector
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at a distance A£8 outside the focus, the pattern is quite
clean. 1In the horizontal plane, the half-width of the
main lobe is 14°, A secondary lobe of about 5% appears
at 25° on each side. No other lobes are observed, If
the reflector 1s moved outwards a few millimeters, the
main lobe becomes wlder and secondary lobes a llttle
greater, At a distance of /4 the pattern 1ls the same
as at A/8. A rough experiment indicated that it might
also be the same at 3/(/8. Moving the dipolec and the
reflector short distances along the axls makes 1little
change In the pattern.

In the vertical plane, the half-width of the main
lobe is 10°., There are more secondary lobes of less
than 10%.

Horlzontal displacement of the reflector does not
deflect the maln lobe, but produces a number of
agymmetrical secondary lobes. Rotating the reflector
6 about a vertical axis, and rotating 6 and displacing
A/4 produce little change in the pattern.

The main lobe 18 deflected by displacement of tr.
dipole and reflector together. A horizontal displeco-~
ment of A/8 gives a deflection of 2° and a horizontal
displacement of [/4 gives 3° deflection, These patterns
show only one secondary lobe of about 10% on the side
opposlite the deflection. A vertical displaccuent of

4 displaces the main lobe about 2°,

—

The pattern obtained with a wave gulde fed in from
the front seems to be little differsent from that of the
paraboloid discussed in Section I of this report.

The secondary lobes are, perhaps, smaller, The half-
width of the main lobe is about the same,

III 48 INCH PARABOLOID WL TH FOCUS NEAR PLANE OF MOUTH

1. Dipole and Line Reflector (Dwgs. #248 and #249)

In the horizontal plane the main lobe has a half-
width of 10°, Secondary lobes of less than 10% occur
at 80°, (See Dwg. #248). 1In the vertical plane, the
half width is about 7°, (See Dwg. #249). The power
gain over a dipole 1s approximately 700.

It was thought that the concentrlc feed used in the
GL trailler might result in an asymmetry in the pattern.
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No asymmetry was found when the outslide conductor of the
concentric cablse was equipped with or without a skirt.
Using only a half dipole, with the reflector centred

on the centre of the concentric or on the centre of the
half dipole, also gilves a good pattern. (Sec Fig., 3).
In the case of the half dipole, there is a slight
difference In the slopes of the two sides of the main
lobe,

FIG. 5

The beam can be deflected by displacing the dipole
and reflector at the same time. Data in this connection
1s given in Sectlon IV of this report.

2. Dipole and Plane Reflector (Dwg. #247)

The beam can also be deflected by using a 1A disc
reflector at the focus and displacing the dipole.
(See Section IV of thils report).

IV WOBBLING

Data on wobbling are expressed in tabular form on
pages 8 and 9 of this report.

T indicates that the transmitter beam is wobbled.
R indicates that the receiver beam 1s weobblecd.

The split 1s the eangular separation of the signal
maxima., '

The maximum signal is received when the peak of the
transmitter pattern and the peak of the receiver pattern
are both on the target., We call this signal 100, Thus,
with both beams wobbled the same amount, In the direction
of the peak of the radilation pattern, the signal will be 100,
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In all others, 1t will be less then 100, 1In the case
where only one beam is wobbled the peaks are never both
in the same direction, and a signal of strength 100 is
not obtained.

Let us call Sy and S, the signal strengths received
on the split beams wvhere Sl> Sg. If F=8S1 - 82 , then
Sy
the sensitivity is defined as dF when the target 1s on
the axls of the system. GY:

The range of scan 1s arbitrarily defined herc as the

angular separation of the positions at which one signal
is very small and the other has a strength of 50,

JoG. Retallack,
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