YHF-COMMUNICATIONS

Guenter Hoch, DL 6 WU

Estimating the Gain of Yagi-Antennas

from Chart Data

The author has described in (1) how the gain
reduction due to sidelobes can be estimated
for an antenna with a nearly rotational sym-
metrical polar diagramm. The comparison
with practical measurements on a yagi anten-
na leads to a diagramm, which with easily ob-
tainable values, gives a close approximation
to the available gain.

it
BASIC THEORY

The familiar Kraus formula for antenna gain
Gy= T - 1]
chE b
or for the angle in degrees and with reference to
adipole
25200
Gy=— (2]
'T)E . q»}_
yields for an antenna whose half power or beam-
width - and &, for both polarization planes are
knewn, an upper limit for the gain. When the dia-
gram has sicelobes suitable deductions are to be
made.

In general, the main lobes and sidelobes are dif-
ferent for both diagram planes, the amateur is
however, only interested in the directional cha-
racteristics of one plane, for horizontal polariza-
tionthisis the E plane {the plane of the elements).

For a tew types of antenna the relationship be-
tween E and H diagrams is known. One of these is
the yagi anlenna, superimposing (multiplication)
the H diagram with a dipole characteristic resulls
in a good approximation of the E diagram. The
lalter causes null points at + 90° which in turn
causes extensive cancelling of the sidelobes in
the area of the null position; this leads to, for short
and medium length antennas, a certain narrow-
ing of the main lobe (from this it is clear that the
often stated front/side ratio for the E plane is non-
sense: aradiation in the direction of the elements
canonly arise from current in the boom or cable).

2.
APPLICATION

From the previous basics it follows, that for a yagi
antennaitis sufficient to know the important data
characteristics of the diagram of one plane in
order to determine the gain.
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Fig. 1: Gain of yagi-antennas as a function of beamwidth (¢

of the E plane and sidelobe damping

Fig. 1 shows dolted the theoretical gain of a loss
free, sidelobe free antenna, as a function of the E
beamwidth. The solid lines show the practical
gains as a function of beamwidth for various de-
arees of sidelobe damping.

From this, the conclusion should not be drawn
that an antenna with weak sidelobes generally
has higher gain. For the same length of antenna
decreasing the sidelobes increases the beam-
width of the main lobe. The gain remains nearly
constant over a wide range. In spite of this it is
normally preferable to choose the antenna with
the least peaky sidelobes.

From Fig. 1, someone, able to measure dB’s and
angle degrees, can obtain a good estimate of the
gain.

It must be stressed, that the diagram is only valid
for single yagi antennas; not for arrays etc., since
for these, completely different standards apply.
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Corrections for ohmic loss {skin effect) are nor-
mally unnecessary. The bases for this has been
derived from test data, as well as from actual
antennas. It goes without saying that drastic mis-
matching, unsymmetrical feeds etc. falsify the
result. The almost amazing accuracy of the pro-
cedures has been confirmed by G. Schwarzbeck,
DL1BU in {2).

3.
PRACTICAL PROCEDURES

The antenna to be measured is aligned to a suffi-
ciently strong and constantincoming signal (bea-
con), than the beamwidth is cetermined by rota-
ting the antenna until the -3 dB-point is found,
then rotate the antenna in the opposite direction
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Fig. 2: Polar diagram of an 18 element yagi antenna measured on 1.10.1981 at 432.5 MHz

until the other —3 dB-point is found; the angle
between these points is the required beamwidth.
On the other side of the -3 dB-point the signal
must quickly decrease, run through a pronoun-
ced minimum, then climb to a value usually lying
10 to 20 dB’s under the maximum: value. The
signal difference is equal to the sidelobe attenua-
tion.

All the following sidelobes must be smaller, at
+ 90° there will be a deep null point. All backward
lobes should be many dB’s below the maximum

gain of the antenna. An antenna with 14 dB gain
must have at least 16 dB front to back ratio.

If the right and left sidelobes are very different,
the field disturbance is caused either through
reflection from buildings or the feed is unsym-
metrical, eg. from the construction or the cable
lead-in; small differences are averaged out.

When an exactly calibrated S meter is not availa-
ble, a switched attenuator can be inserted in the
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signal path, and adjust for the same level. Itis not
possible to go below a certain minimum attenua-
tor value, otherwise mismatching will falsify the
results.

The found half power angle can now be easily
examined: it is never bigger than half the angle
]y, which is the angle between the first two
minima. For shorter antennas it is noticeably
smaller (0.47—0.48 O, in order of 2 1long), from

around 64 long is almost exactly 0.5®__,.

4.
EXAMPLE

Fig. 2 shows the diagram of an 18 element
antenna (Parabeam PBM18). The -3 dB-points
licat+12"and - 15° that means (b - 27°. The first
minima lie at +27" and - 29", that means ®,,; =
56°. The first sidelobes have sunk to around 12
dB and 14 dB respectively, the average sidelobe

attenuation is therefore 13 dB. The front/back
ratio comes to 19 dB. With these values trans-
posed to Fig. 1, it gives a gain of 13.3 dB, the
measured gain was 13.4 dB, (dBy gain ref.
dipole).

The author has employed the diagram for many
years to verify gain measurements and it imme-
diately revealed any obvious errors in measure-
ment.
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New Interdigital Bandpass Fiiters

4-stage, sealed bandpass filters for
1152 MHz, 1255 MHz, 1288 MHz or 1297 MHz
centre frequencies.

3 dB bandwidth: ... 12 MHz
Passband insertion 10ss: .........ccccooevenee. 1.5 dB
Attenuation at + 24 MHz: |
Attenuation at + 33 MHz: .
Return loss: ...
Dimensions (Mmm): ... 140 x 70 x 26

Ideal for installation between first and second pre-
amplifier or in front of the mixer for suppression of
image noise, and interference from UHF-TV
transmitters and out-of-band Radar Stations. Also
very advisable at the output of a frequency multi-
plier chain, or behind a transmit mixer.

n

Price: DM 178.—

Please list required
centre frequency on
ordering.

Ul ','beﬂ.Chfe’Terry D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf

Tel. West Germany 9133-855. For Representatives see cover page 2

124



