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cess of the rating of the 6.3-volt winding on the
ordinary small power transformer.
Resistors K14 and K15 and condenser Cg are

1
L6SNTGT

Fig. 9-33 — A speech amplifier
and 807 modulator for plate
modulation of transmitters up
to 200 watts input. The micro-
phone jack and the gain con-
trol are at the left end of the
chassis. The audio components
and tubes occupy the front sec-
tion and the power supply for
the driver tubes is laid out
along the rear edge.

¢

placed in the 807 screen
circuit to suppress the r.f.
parasitic oscillations that
sometimes occur with these
tubes. Their use is prin-
cipally a precautionary
measure, and they may
not be required in most
installations.

The frequency response of this unit is maxi-
mum in the range from about 200 to 2500 cy-
cles, for greatest voice effectiveness and mini-
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Fig. 9-34 — Circuit diagram of the p.p. 807 speech amplifier-modulator.

C1 — 10-pxfd. 50-volt electrolytic.

Cz — 0.1-ufd. 400-volt paper.

Cs, Co, C10 — 8-ufd. 450-volt electrolytic.
C4, C11 — 50-ufd. 50-volt electrolytic.
Cs, Cg, C7 — 0.01-pfd. 400-volt paper.
Cg — 0.0068-ufd. mica.

Ciz — 0.001-pfd. mica (see text).

Ciz — 0.02-ufd. mica (sce text).

Ri — 1 megohm.

Rz, R7 — 1500 ohms.

R3s — 1.5 megohms.

R4, Rs, Ri1, Ri2 — 0.22 megohm.

Rs — 47,000 ohms.

Rg — 1-megohm volume control.

Ry, Rio — 0.1 megohm.

Ri3 — 470 ohms.

Ri4, R15 — 100 ohms.

Ris — 15,000 ohms, 10 watts.

Ri17 — 1000-ohm wire-wound potentiometer.
(All resistors 14 watt unless otherwise noted.)

L1 — Smoothing choke, 30 hy., 75 ma., 340-ohm d.c.
resistance (Utah 4002).

I1 — 6.3-volt a.c. pilot-lamp-and-socket assembly.

J1 — Microphone-cable jack.

Jo — Panel-mounting a.c. plug (Amphenol 61-M1).

S; — S.p.s.t. switch.

Ty — Push-pull plates to push-pull grids (UTC S-9).

Ts — Qutput transformer, type depending on require-
ments. A multitap transformer (UTC VM-3) is
shown in photos. ;

T3 — Filament transformer, 6.3 volts, 3 amp. (Thor-
darson T-21F10).

T4 — Power transformer, 350 volts a.c. each side of
center-tap, 70-ma. rating. Filament windings: 5
v., 3 amp.; 6.3 v., 3 amp. (Stancor P-4078).
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Fig. 9-35 — Below-chassis view [
of the 807 modulator. The
shielded microphone jack is in
the upper left-hand corner. The
filter choke is mounted in the
lower left-hand corner and the
807 filament transformer is to
the rear and slightly to the
right of the 807 tube sockets.
The condenser for attenuating
the high audio frequencies,
shown at the right-hand end of
the chassis, is supported by
No. 12 wire leads which con-
nect to the output terminals of
the modulation transformer.

¢

mum width of the r.f. channel. Frequencies
above 2500 cycles are attenuated by condens-
ers C12 and C13, the former across the secondary
of the driver transformer and the latter across
the secondary of the output transformer. The
capacitance values given are about optimum
for the types of transformers specified and
should be close to optimum for other trans-
formers of similar ratings. The voltage rating
of Ci3 should-be at least equal to the d.c.
voltage on the modulated r.f. amplifier.

Construction

The photographs show the general layout
of components. The 6J7 and 6SN7GT phase
inverter are in line at the left-hand front edge
of the chassis. The 68N7GT driver and 5Y3GT
rectifier are to the rear of the phase inverter.
The driver transformer, 71, is at the front
and the power transformer, T4, is at the rear.
Plate leads for the 807s run through rubber
grommets in the chassis.

The bottom view shows the by-pass con-
densers -and resistors grouped around the
sockets to which they econneect. The bias-con-
trol potentiometer, Ri7, is mounted on the
rear edge of the chassis, and the power-supply

bleeder, Ris, is mounted between Ri7 and an
insulated tie-point on the chassis near the
a.c. input socket (also on the rear chassis
edge). A jack shield (National JS-1) covers
the microphone jack, and the first-stage grid
resistor, Ri, is mounted inside this shield. The
lead to the 6J7 grid cap must be shielded and
the shield grounded.

The No. 1 terminals of the driver trans-
former specified should be connected to the
grids of the 807s. If a different transformer is
used, it should have a primary-to-secondary
ratio (total) of about 1-to-1 to couple the
6SN7GT and 807 grids properly. The output-
transformer turns ratio will depend on the type
of operation selected and the modulating im-
pedance of the Class C amplifier. Operated at
ICASB ratings, the 807s will deliver a tube out-
put of 120 watts into a plate-to-plate load of
6950 ohms. This requires a plate supply capa-
ble of delivering 240 ma. at 750 volts. At CCS
ratings the tubes will deliver 80 watts into a
6400-ohm load and require a 600-volt 200-ma.
plate supply. The bias should be set, by means
of Ri7, to give —32 volts between the poten-
tiometer arm and chassis for ICAS operation,
and to —30 volts for CCS operation.

" Drivers for Class-B Modulators

Driving Power

Class B amplifiers are driven into the grid-
current region, so power is consumed in the
grid circuit. The preceding stage or driver must
be capable of supplying this power at the re-
quired peak audio-frequency grid-to-grid volt-
age. Both of these quantities are given in the
manufacturer’s tube ratings. The grids of the
Class B tubes represent a variable load resist-
ance over the audio-frequency cycle, because
the grid current does not increase directly with
the grid voltage. To prevent distortion, there-
fore, it is necessary to have a driving source
that will maintain the waveform of the signal
without distortion even though the load varies.
That is, the driver stage must have good

regulation. To this end, it should be capa-
ble of delivering somewhat more power than
is consumed by the Class B grids, as previously
described in the discussion on speech ampli-
fiers. It is also desirable to use an input cou-
pling transformer having a turns ratio giving
the largest step-down in the voltage between
the driver plate or plates and the Class B
grids that will permit obtaining the specified
grid-to-grid a.f. voltage.
The peak output voltage at the primary of
the driver transformer is
B, = 1.4V PR
where F, = Peak value of a.f. output voltage

P Rated power output of driver
R Rated load impedance for driver

I
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CHAPTER 9

The driver-transformer turns ratio,
primary to secondary, should be

=B B2 et
1 E 200
Class-8 Commercial transformers
Grids  frequently are designed for

specific driver-modulator com-
binations, and the turns ratio
is chosen to give as good
driver regulation as the con-
ditions will permit.

The driver transformer, 7'
or T in Fig. 9-36, may couple
directly between the driver
tube and the modulator grids
or may be designed to work
into a low-impedance (200-
or 500-ohm) line. In the latter
case, a tube-to-line output
transformer must be used at
the output of the driver stage.

C/gfjjﬂ This type of coupling is rec-
Bias g ommended only when the
J driver must be at a consider-

able distance from the mddu-
lator; the second transformer
not only introduces additional
losses but also impairs the
voltage regulation of the
driver stage.

Fig. 9-36 — Triode driver circuits for Class B modulators. A, resistance cou-

pling to grids; B, transformer coupling. R in A is the plate resistor for the pre-

Driver Tubes

ceding stage, value determined by the type of tube and operating conditions

as given in T'able 9-1. C1 and R are the coupling condenser and grid resistor,

respectively; values also may be taken from Table 9-1.

In both circuits the output transformer, T, T2, should have the proper turns
ratio to couple between the driver tubes and the Class B grids. 71 in B is usu-
ally a 2:1 transformer, secondary to primary. R, the cathode resistor, should
be calculated for the particular tubes used. The value of C, the cathode by-

pass, is determined as described in the text.

This is correct when the driver is working into
its rated load. When the load is the grid cireuit
of a Class B modulator, the impedance varies
over the audio-frequency cycle. It reaches a
minimum value when the signal reaches a
positive peak and the grid current has its maxi-
mum instantaneous value. The best that can
be done is to assume that, if the driver has
more than enough power output, the turns
ratio of the driver transformer should be

y =
E
where N = Driver-transformer turns ratio,

primary to secondary
7o = Peak output voltage of driver
E = Peak grid-to-grid voltage
quired by Class B tubes.

re-

Example: A pair of Class B tubes requires a
driving power of 7 watts and a peak a.f. grid-to-
grid voltage of 200 for maximum output. The
driver has a maximum output of 10 watts when

- working into a 5000-ohm load. The peak output
voltage at the primary of the driver trans-
former is

o = 1.4V PR = 1.4V10 X 5000
= 1.4 X 224 = 314 volts

The variation in grid re-
sistance of a Class B amplifier
over the audio-frequency cy-
cle poses a special problem in
the driver stage. To avoid
distortion, the driver output
voltage (not power) must stay
constant (for a fixed signal voltage on its grid)
regardless of the variations in load resistance.

The fundamental requirement for good volt-
age regulation in any electrical generator is
that the internal resistance must be low. In a
vacuum-tube amplifier, this means that the
tubes must have a low value of plate resistance.
The best tubes in this respect are low-u triodes
(the 6A3 is an example) and the worst are
tetrodes and pentodes as represented by the
6V6 and 6L.6. This does not mean that tetrodes
(or pentodes) cannot be used, but it does mean
that they should not be used without taking
measures to reduce the effective plate resist-
ance (see next section).

In selecting a driver stage always choose
Class A or AB; operation in preference to
Class ABs. This not only simplifies the speech-
amplifier design but also makes it easier to
apply negative feed-back to tetrodes for reduc-
tion of plate resistance. It is possible to obtain
a tube power output of approximately 25 watts
(from 6L6g) without going beyond Class AB;
operation; this is ample driving power for the
popular Class B modulator tubes, even when a
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kilowatt transmitter is to be modulated.

The rated tube output (as shown by the
tube tables) should be reduced by about 20
per cent to allow for losses in the Class B input
transformer. If two transformers are used,
tube-to-line and line-to-grids, allow about 35
per cent for transformer losses. Another 25
per eent should be allowed, if possible, as a
safety factor and to improve the wvoltage
regulation.

Fig. 9-36 shows representative circuits for a
push-pull triode driver using ecathode bias.
If the amplifier operates Class A, the cathode
resistor need not be by-passed, because the a.f.
currents from each tube flowing in the cathode
resistor are out of phase and cancel each other.
However, in Class AB operation this is not
true; considerable distortion will be generated
at high signal levels if the cathode resistor is
not by-passed. The by-pass capacitance re-
quired can be calculated by a simple rule: the
cathode resistance in ohms multiplied by the
by-pass capacitance in microfarads should
equal at least 25,000. The voltage rating of the
condenser should be equal to the maximum
bias voltage. This can be found from the maxi-
mum-signal plate current and the cathode
resistance. :

Example: A pair of 6A3s is to be used in Class
ABj, self-biased. From the tube tables, the
cathode resistance should be 780 ochms and the
maximum-signal plate current 120 ma. From

Ohm’s Law,
= RI = 780 X 0.12 = 93.6 volts

® i
£
® E ,

Fig. 9-37 — Negative feed-back circuits for drivers for Class B
modulators. A — Single-ended beam-tetrode driver. If }1 and Va2
are a 6J5 and 6V6, respectively, the following values are suggested:
R1, 47,000 ohms; R, 0.47 megohm; Rs, 250 ohms; R4, Rs, 22,000

ohms; Ci, 0.01 pfd.; C2, 50 pfd.

B — Push-pull beam-tetrode driver. If V1 is a 6J5 and ¥z and V3
Ri, 0.1 megohm; Ra,

6L6s, the following values are suggestedj
22,000 ohms; Rs, 250 ohms; Ci, 0.1 pfd.; Cz, 100 ufd.
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From the rule mentioned previously, the by-pass
capacitance required is

C = 25,000/R = 25,000/780 = 32 ufd.
A 40- or 50-ufd. 100-volt electrolytic condenser
would be satisfactory.

Negative Feed-Back

Whenever tetrodes or pentodes are used as
drivers for Class B modulators, negative feed-
back should be used in the driver stage. This
will reduce the distortion caused by the varia-
ble load resistance represented by the Class B
grids. It also reduces the distortion inherent in
the driver stage itself, when properly applied.
The effect of feed-back is to reduce the appar-
ent plate resistance of the driver, and this in
turn helps to maintain the a.f. output voltage
at a more constant level (for a constant signal
on the grid) when the load resistance varies.
It is readily possible to reduce the plate re-
sistance to a value comparable to or lower than
that of low-u triodes such as the 6A3.

Suitable eircuits for singletended and push-
pull tetrodes are shown in Fig. 9-37. Fig.
9-37A shows resistance coupling between the
preceding stage and a single tetrode, such as
the 6V6, that operates at the same plate
voltage as the preceding stage. Part of the a.f.
voltage across the primary of the output
transformer is fed back to the grid of the tet-
rode, Vg, through the plate resistor of the
preceding tube, V1. The amount of voltage so
fed back is determined by the voltage divider,
R4Rs;. The total resistance of R4 and Rj in
series should be large compared to the
rated load resistance of Vs, Instead of
the voltage divider, a tap on the trans-
former primary can be used to supply
the feed-back voltage, if such a tap is
available,

The amount of feed-back voltage
that appears at the grid of tube Vg is
determined by R;, Es and the plate
resistance of Vi, as well as by the rela-
tionship between R4 and Rjs. Calcula-
tion of the feed-back voltage, although
not mathematically difficult, is not
ordinarily practicable because the
plate resistance of V7 is seldom known
at the particular operating conditions
used. Circuit values for a typical tube
combination are given in detail in
Fig. 9-37.

The push-pull circuit in Fig. 9-37B
requires an audio transformer with a
split secondary. The feed-back voltage
is obtained from the plate of each out-
put tube by means of the voltage di-
vider, R1Rs. The blocking condenser,
C1, prevents the d.c. plate veltage from
being applied to Ri1Rs; the reactance
of this condenser should be low, com-
pared to the sum of By and Rs, at the
lowest audio frequency to be ampli-
fied. Also, the sum of Ry and Rsshould
be high compared to the rated load
resistance for Vs and V.
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where n is the feed-back percentage,

and B; and Rs are connected as shown

33‘0 /é in the diagram. The higher the feed-
5 / nongLes | back percentage, the lower the effec-
E / tive plate resistance. However, if the
28 4 percentage is made too high the pre-
- // ceding tube, V1, may not be able to
rgm /| develop enough voltage, through T},
g // to drive the pusﬁ—pull st?fge to mtam-
o =y mum output without itself generating
) E,__s e ‘VITH Fi-{? BAQ%%[&%SA harmonie distortion. Distortion in Vi
8 PR E is not compensated for by the feed-
S 1 3 TF back circuit. If Vo and V3 are 6L6s
gm | 10% FeEv-sack | / / operated s?elf—biased in Class AB; V\[lth
s - F‘:«.«/.y‘ BR sL:s{gg;s:EEDD: BACK = | a load resistance of 9000 chms, Vi is a
S5 BT ° 6J5, and T'1 has a turns ratio of 2-to-1,
2 e A/’ total secondary to primary, it is pos-
& sible to use over 30-per-cent feed-back
0 : without going beyond the output-

02 03 04 05 07 10 15 20 30 40 50 10 10

RATIO OF ACTUAL LOAD TO RATED LOAD

Fig. 9-38 — Output voltage regulation of two types of beam-tetrode
drivers with negatitve feed-back. For comparison, the regulation

with a pair of 2A3s (no feed-back) also is shown.

In this circuit the feed-back voltage that is
developed across Re also appears at the grid of
V2 (or V3) beeause there is no appreciable cur-
rent flow (in the usual audio range) through
the transformer secondary and grid-cathode
circuit of the tube, provided the tubes are not
driven to grid current. The circuit should not
be used with tubes that are operated Class ABo..
The per cent feed-back is .

Ry

- 2 100
"R+ R

Y2 6SNTGT

voltage capabilities of the 6J5. Actu-
ally, it is unnecessary to use more than
about 20-per-cent feed-back. This
value reduces the effective plate re-
sistance to the point where the output
voltage regulation is better than that of 6A3s
or 2A3s without feed-back.

- Instead of the voltage-divider arrangement
shown in Fig. 9-37B for obtaining feed-back
voltage, a separate winding on the output
transformer can be used, provided it has the
proper number of turns to give the desired
feed-back percentage. Special transformers are
available for this purpose.

The improvement in constancy of output
voltage resulting from the use of negative
feed-back is shown graphieally in Fig. 9-38.

©5J7 6SNIGT 6le 6L6

iy

= = 63V AC.

-B

+3e0V.

Fig. 9-39 — Circuit diagram of speech amplifier using 6L6s with negative feed-back, suitable for driving Class B

modulators up to 500 watts output.

Ci1, Cs, Cg — 20-pfd. 25-volt electrolytic.
Cez, Cs, C10 — 0.1-pfd. 400-volt paper.

Cs3, Cs — 0.01-pfd. 600-volt paper.

Cy4, Cy, Ci2 — 10-pfd. 450-volt electrolytic.
Ci1 — 100-ufd. 50-volt electrolytic.

Ri — 2.2 megohms, 14 watt.

Rz, R7 — 1500 ohms, 14 watt.

Rz — 1.5 megohms, 14 watt.

R4 - 0.22 megohm, 14 watt.

Rs, Rs — 47,000 ohms, 14 watt.

Re — 1l-megohm volume control.

Rg — 0.47 megohm, 14 watt.

Rio — 1500 ohms, 1 watt.

Ri1 — 10,000 ohms, 1% watt.

Riz2, Riz — 0.1 megohm, 1 watt.

Ris, Ri5 — 22,000 ohms, 14 watt.

Rie — 250 ohms, 10 watts.

Ri7 — 2000 ohms, 10 watts.

T1 — Interstage audio, 2:1 secondary (total) to pri-
mary, with split secondary winding.

Tz — C]ashs B input transformer to suit modulator
tubes.

Qutput
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In order to compare the various types of tubes,
the variation in output voltage is shown as a
percentage of the output voltage when the
tubes are working into the rated load. The
load resistance also is expressed as a percentage
of the rated load resistance for the particular
tube, or pair of tubes, used.

A circuit for a speech-amplifier suitable for
driving a Class B modulator is' given in Fig.
9-39. In this amplifier the 6L.6s are operated
Class AB; and will deliver up to 20 watts to
the grids of the Class B amplifier. The feed-
back circuit requires no adjustment, but does
require an interstage transformer with two
separate secondary windings (split secondary).

This amplifier may be constructed along
the same lines as in Fig. 9-29, observing the
same precautions with respect to shielding the
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68J7 grid circuit. Although the power output
is the same as from the amplifier of Fig. 9-32,
an additional voltage-amplifier stage is in-
corporated in the circuit. This is necessary
because the voltage fed back from the plates
to the grids of the 6L6s opposes the voltage
from the preceding stage, so the latter must be
increased in order to maintain the same power
output from the 6LL6s. In turn, this necessitates
more over-all voltage gain than is required to
drive Class AB; push-pull 6L6s without feed-
back.

The output transformer, T2 should be
selected to work between a 9000-ohm plate-to-
plate load and the grids of whatever Class B
tubes will be used. The power-supply require-
ments for this amplifier are essentially the
same as for the amplifier of Fig. 9-32.

Class-B Modulators

Plate modulation of all but low-power trans-
mitters requires so much audio power that the
Class B amplifier is the only practical type to
use. (Included in the Class B category are
high-power modulators of the Class. AB,
type; whether the operation is in one class or
the other is principally a matter of degree.)

Class B modulator circuits are practically
identical no matter what the power out-
put of the modulator. The diagrams of
Fig. 9-40 therefore will serve for any
modulator of this type that the amateur
may elect to build. The triode circuit is
given at A and the circuit for tetrodes at
B. When small tubes with indirectly-
heated cathodes are used, the cathodes
should be connected to ground.

Modulator Tubes

Class B audio ratings of various types
of transmitting tubes are given in the
tube tables of Chapter Twenty-Five.
Choose a pair of tubes that is capable of
delivering sine-wave audio power equal to
somewhat more than half the d.c. input
to the modulated Class C amplifier. 1t is
sometimes convenient to use tubes that
will operate at the same plate voltage as
that applied to the Class C stage, because
one power supply of adequate current
capacity may then suffice for both stages.
However, available power-supply compo-
nents do not always permit this, and
better over-all performance and economy
may result from the use of separate power
supplies.

In estimating the output of the modu-
lator, remember that the figures given
in the tables are for the tube output only,
and do not include output-transformer
losses. The efficiency of the output trans-
former will vary with its construction,
and may be assumed to be in the vicinity
of 80 per cent for the less-expensive units

ORIVER PLATES
OR LINE

and somewhat higher for higher-priced trans-
formers. To be adequate for modulating the
transmitter, therefore, the modulator should
have a theoretical power capability about 25
per cent greater than the actual power needed
for modulation.

It is always desirable to provide more power
capability in the modulator than actually is

+HV. FOR
MOD- AMP,

TO MOD.AMP
PLATE

+ HV. FOR
MOD. AMP,

O
s wv =HV. + SG MOD.+HW.
AL, :

Fig. 9-40 — Class B modulator circuit diagrams. Tubes
and circuit considerations are discussed in the text.
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needed. Then the tubes need not be worked to
the limit of their capacity, with the result
that there is minimum distortion and therc-
fore.no audio harmonics — and no consequent
broadening of the r.f. channel.

Matching o Load

In giving Class B ratings on power tubes,
manufacturers specify the plate-to-plate load
impedance into which the tubes must operate
to deliver the rated audio power output. This
load impedance seldom is the same as the
modulating impedance of the Class C r.f.
stage, so & match must be brought about by
adjusting the turns ratio of the coupling trans-
former. The required turns ratio, primary to

secondary, is
& = \/Zv
Zm

where N = Turns ratio, primary to secondary

Zn = Modulating impedance of Class C
r.f. amplifier

Z» = Plate-to-plate load impedance for
Class B tubes

Example: The modulated r.f. amplifier is to

operate at 1250 volts and 250 ma. The power
input is

P = EI = 1250 X 0.25 = 312 watts

so the modulating power required is 312/2 =
156 watts. Increasing this by 259 to allow for
losses and a reasonable operating margin gives
156 X 1.25 = 195 watts. The modulating im-
pedance of the Class C stage is
Zm - E = ]205)
I 0.25
TFFrom the tube tables a pair of Class B tubes is
selected that will give 200 watts output when
working into a 6900-ohm load, plate-to-plate.
The primary-to-secondary turns ratio of the
modulation transformer thercfore should be

_ ( B
N=ql2 < \/6-’& = 4/1.38 = 1.175 to 1.

= 5000 ohms.

Zm 5000

Commercial Class B output transformers
usually are rated to work between specified
primary and seccondary impedances and fre-

CHAPTER 9

quently are designed for specific Class B tubes.
In such a case, it will be unnecessary to calcu-
late the turns ratio when the recommended
tube combination is used. Many transformers
are provided with primary and secondary
taps, so that various turns ratios can be ob-
tained to meet the requirements of various
tube combinations.

It may be that the exact turns ratio re-
quired by a particular tube combination can-
not be secured, even with a tapped modulation
transformer. Small departures from the proper
turns ratio will have no serious effect if the
modulator is operating well within its capabili-
ties; if the actual turns ratio is within 10 per
cent, of the ideal value the system will operate
satisfactorily. Where the discrepancy is larger,
it is always possible to choose a new set of
operating conditions for the Class C stage to
give a modulating impedance that can be
matched by the turns ratio of the awvailable
transformer. This may require operating the
Class C amplifier at higher voltage and less
plate current, if the modulating impedance
must be increased, or at lower voltage and
higher current if the modulating impedance
must 'be decreased. However, this process can-
not be carried too far without exceeding the
ratings of the Class C tubes for either plate
voltage or current, even though the power in-
put is kept at the same figure. In such a case
the only solution is to operate at reduced
input and use less of the power available from

- the modulator.

Suppressing Audio Harmonics

Distortion in cither the driver or Class B
modulator itself will cause a.f. harmonics
that may lie outside the frequency band
needed for intelligible speech transmission.
While it is almost impossible to avoid some
distortion, it 7s possible to cut down the ampli-
tude of the higher-frequency harmonics. The
purpose of condensers C; and (s across the
primary and secondary, respectively, of the
Class B output transformer in Fig. 9-40 is to

¢

FI'ig. 9-41 — A conventional chassis arrange-
ment for low- and medium-power Class B
modulator stages. The mechanical layout in
general follows the typical circuit diagrams
given in Fig. 9-40.
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Fig. 9-42 — A chassis arrangement for a
higher-power Class B modulator. This unit
has the filament transformer for the tubes
mounted on the chassis. Where the input
transformer is included with the speech am-
plifier, less chassis space will be needed., The
tubes are placed near the rear, where the ven-
tilation is good. The plate milliammeter is
provided with a small plate over the adjusting
screw, to prevent touching the screw acci-
dentally. A Presdwood panel was used for
this modulator; with a metal panel, the meter
should be mounted behind glass on a well-in-
sulated mount (the meter insulation is not in-
tended for voltages above a few hundred) or
connected in the filament center-tap rather
than in the high-voltage lead.

¢

reduce the strength of harmonics and unneces-
sary high-frequency components existing in
the modulation.

The condensers act with the leakage induct-
ance of the transformer winding to form a
rudimentary low-pass filter. The wvalues of
capacitance required will depend on the load
resistance (modulating impedance of the Class
C amplifier) and the leakage inductance of the
particular transformer used. In general, ca-
pacitances between about 0.001 and 0.006
ufd. will be required; the larger values are nec-
essary with the lower values of load resistance.
A test set-up for measuring frequency response
(described in a later section in this chapter)
will quickly show the optimum values to use,
if a small assortment of condensers is on hand
for experimenting. The object is to find the
combination of C; and Cs that will give the
most rapid reduction in response as the signal
frequency is raised above about 2500 cycles.

The voltage rating of each condenser should
at least be equal to the d.c. voltage at the
transformer winding with which it is associ-
ated. In the case of (g, part of the total ca-
pacitance required usually is supplied by the
plate by-pass or blocking condenser of the
modulated amplifiecr, so Cs need only be large
enough to make up the difference.

Grid Bias

Many modern transmitting tubes designed
for Class B audio work can be operated with-
out grid bias. Besides eliminating the need for
a grid-bias supply, this reduces the variation
in grid impedance over the audio-frequency
cycle and thus gives the driver a more constant
load into which to work. With these tubes, the
grid return lead from the center-tap of the
driver transformer secondary is simply con-
nected to the filament center-tap or cathode
ground.

When the tubes require bias, it should al-
ways be supplied from a fived voltage source.
Neither cathode bias nor grid-leak bias can
be used with a Class B amplifier; with both
types the bias changes with the amplitude of
the signal voltage, whereas proper operation
demands that the bias voltage be unvarying

no matter what the strength of the signal.
When only a small amount of bias is required
it can be obtained conveniently from a few
dry cells. When greater values of bias are re-
quired, a heavy-duty “B” battery may be
used if the grid current does not exceed 40 or
50 milliamperes on voice peaks. Even though
the batteries are charged by the grid current
rather than discharged, a battery will deterio-
rate with time and its internal resistance will
inerease. When the increase in internal resist-
ance becomes appreciable, the battery tends
to act like a grid-leak resistor and the bias
varies with the applied signal. Batteries
should be checked with a voltmeter occasion-
ally while the amplifier is operating. If the
bias varies more than 10 per cent or so with
voice excitation the battery should be replaced.

As an alternative to batteries, a regulated
bias supply may be used. This type of supply
is described in Chapter Seven.

b Plate Supply

The plate supply for a Class B modulator
should be sufficiently well filtered to prevent
hum modulation of the r.f. stage. An additional
requirement is that the output condenser of
the supply should have low reactance, at 100
cycles or less, compared to the load into which
each tube is working. (This load is one-fourth
of the plate-to-plate load resistance.) A 4-ufd.
output condenser with a 1000-volt supply, or a
2-ufd. condenser -with a 2000-volt supply,
usually will be satisfactory. With other plate
voltages, condenser values should be in inverse
proportion to the plate voltage.

To keep distortion at a minimum, the volt-
age regulation of the plate supply should
be as good as it ean be made. If the d.c. output
voltage of the supply varies with the amount of
current taken, it should be kept in mind that
the voltage at maximum current determines
the amount of power that can be taken from
the modulator without distortion. A supply
whose voltage drops from 1500 at no load to
1250 at the full modulator plate current is a
1250-volt supply, so far as the modulator is
concerned, and any estimate of the power out-
putavailableshould be based on the lower figure.
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It is particularly important, in the case of
a tetrode Class B stage, that the screen-volt-
age power-supply source have excellent regu-
lation, to prevent distortion. The screen volt-
age should be set as exactly as possible to the
recommended value for the tube.

@ IMPROPER OPERATION

Overexcitation

When a Class B amplifier is overdriven in an
attempt to secure more than the rated power,
distortion increases rapidly. The high-fre-
quency harmonics which result from the dis-
tortion modulate the transmitter, producing
spurious sidebands which can cause serious
interference over a band of frequencies several
times the channel-width required for speech.
This may happen even though the transmitter
is not being overmodulated. It will happen if
the modulator is incapable of delivering the
power required to modulate the transmitter
fully, or if the Class C amplifier is not adjusted
to give the proper modulating impedance.

As previously stated, the tubes used in the
Class B modulator should be eapable of some-
what more than the power output nominally
required. In addition, the Class C amplifier
should be adjusted to give the proper modulat-
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ing impedance and the correct output trans-
former turns ratio should be used. Even though
means may be incorporated in the speech
amplifier to attenuate frequencies above those
necessary for intelligible speech, it is still possi-
ble for high-frequency sidebands to be radiated
if distortion occurs in the modulator, or if the
transmitter is overmodulated. Such high-
frequency harmonics as may be generated in
the modulator can be reduced by connecting
condensers across both the primary and sec-
ondary of the output transformer as previ-
ously described.

Operation Without Load

Excitation should never be applied to a
Class B modulator until after the Class C
amplifier is turned on and is drawing the value
of plate current required to present the rated
load to the modulator. With no load to absorb
the power, the primary impedance of the trans-
former rises to a high value and excessive audio
voltages are developed across it — frequently
high enough to break down the transformer
insulation. If the modulator is to be tested
separately from the transmitter, a resistance
of the same value as the modulating imped-
ance, and capable of dissipating the full power
output of the modulator, should be connected
across the transformer secondary.

Checking Speech Equipment

One way to check the performance of speech
equipment is to put the complete transmitter
on the air and depend on the comments of
other amateurs. If it turns out that anything is
wrong, fixing it becomes a slow and rather
painful process not only to those concerned but
to those who have to put up with the interfer-
enceit causes. It is also a not altogether reliable
method, since the reports are necessarily biased
by the receiving operator’s opinions of what is
good or bad, to say nothing of the reluctance
of most operators to be wholly frank — they
don’t want to hurt your feelings or appear to be
casting doubt on your abilities. .

The other method is to check it yourself,
with the help of some measuring gear. An

ATTENUATOR

adequate job can be done with equipment that
is neither elaborate nor expensive. A simple
set-up is shown in Fig. 9-43. The only equip-
ment that is not likely to be already at hand
is the audio oscillator (the construction of a
very simple one is described in Chapter Six-
teen). The voltmeter — one that operates at
audio frequencies is necessary —is available
in any multirange volt-ohm-milliammeter
that has a rectifier-type a.c. range. The head-
get is included for aural checking of the ampli-
fier performance.

A two-step attenuator for the output of the
audio oscillator is recommended so that a wide
range of output voltages can be smoothly con-
trolled. Also, R3 should have relatively low
resistance — 500 ohms or less; operating
at low impedance will minimize stray
hum pick-up, which might cause false

AUDIO
OSCILLATOR

O

SPEECH
AMP

results when the amplifier gain is high.
As a preliminary check, cover the mi-

crophone input terminals with a metal

shield (with the audio oscillator and at-

Fig. 9-43 — Simple test set-up for checking a speech amplifier.
The audio-oscillator frequency range should be from about 100
to 5000 cycles. It is not necessary that it be continuously vari-
able; a number of “spot” frequencies will be satisfactory. Suit-
able resistor values are: Ri, 50,000-ohm potentiometer; Ra,
4700 ohms; Rs, 470 ohms; R4, rated load resistance for amplifier
output stage; Rs, determine by trial for comfortable headphone
level (25 to 100 ohms, ordinarily). ¥ is a high-resistance a.c.

voltmeter, multirange rectifier type.

tenuator disconnected) and, while listen-
ing in the headset, note the hum level
with the amplifier gain control in the off
position. The hum should be very low
under these conditions. Then increase the
gain-control setting to maximum and ob-
serve the hum; it will no doubt increase.
Then connect the audio oscillator and
attenuator and, starting from minimum
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Fig. 9-44 — Test set-up using an oscilloscope for check-
ing waveform.

signal, increase the setting of £ until the volt-
meter indicates full power output. (The voltage
should equal /PR, where P is the expected
power output in watts and R is the load resist-
ance — 4 in the diagram.) Listen carefully to
the tone while increasing R; to see if there is
any change in its character. When it begins to
sound like a musical octave instead of a single
tone, distortion is beginning. Assuming that
the output is substantially without audible
distortion at full output, substitute the micro-
phone for the audio oscillator and speak into
it in & normal tone while watching the volt-
meter. Reduce the gain-control setting until
the meter “‘kicks” nearly up to the full-power
reading on voice peaks. Note the hum level,
as read on the voltmeter, at this point; the
hum level should not exceed one or two per
cent of the voltage at full output.

If the hum level is too high, the amplifier
stage that is causing the trouble can be located
by temporarily short-circuiting the grid of
each tube, in turn, to ground. When shorting a
particular grid makes a marked decrease in
hum, the hum presumably is coming from a
preceding stage, although it is possible that it
is getting its start in that particular grid cir-
cuit. If shorting a grid does nof decrease the
hum, the hum is originating either in the plate
circuit of.that tube or the grid circuit of the
next. Aside from wiring errors or a defective
tube, objectionable hum usually originates in
the first stage of the amplifier,

If distortion occurs below the point at
which the expected power output is secured,
the stage in which it is occurring can be lo-
cated by working from the last stage toward
the front end of the amplifier, applying a signal
to each grid in turn from the audio oscillator
and adjusting the signal voltage for maximum
output. In the case of push-pull stages, the
signal may be applied to the primary of the
interstage transformer — after disconnecting it
from the plate-voltage source. Assuming that
normal design principles have been followed
and that all stages are theoretically working
within their capabilities, the probable causes
of distortion are wiring errors (such as acciden-
tal short-circuit of a cathode resistor), defective
components, or use of wrong values of resist-
ance in cathode and plate circuits.

An oscilloscope having amplifiers and a
linear sweep circuit is a useful instrument in
testing audio amplifiers because it provides a
ready check on waveform and thus shows dis-
tortion instantly. It may be connected across
the output circuit as shown in Fig. 9-44, and
also may be moved from stage to stage to
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check the waveform at the grid as well as
at the plate. When connected to circuits that
are nct at ground potential for d.c., a con-
denser (about 0.1 ufd.) should be connected in
series with the “hot” oscilloscope lead. The
hot lead preferably should be shielded so that
it will not pick up stray hum and introduce
it into the amplifier.

@ ClLASS-B MODULATORS

Once the speech amplifier is in satisfactory
working condition, a Class B modulator can
be checked by similar means. A ecircuit is
shown in Fig. 9-45. The resistance of Ry should
be equal to the modulating impedance of the
Class C amplifier to be modulated, and the
resistor should have a power rating equal to
the rated power output of the modulator. Cal-
culate the voltage to be expected across Ry at
full output; if it exceeds the range of the meter
the meter may be connected across say half or
one-fourth of R; and the readings multiplied by
2 or 4, respectively. Only a few ohms will be
needed at Ry, in the average case, to give a
good signal in the headphones. As a safety
precaution, ground the output terminal to
which the headphones are connected and use
aresistor at Ry that has ample current-carrying
capacity.

Hum will seldom be a problem in the modu-
lator. Distortion may be checked as described

S———1-0 o

5/—7’::!/77‘{t CLASS-B

AEECR | MODULATOR | R

Amp. 1 A 2 o
= Qo

Fig. 9-45 — Set-up for checking a Class B modulator.

To
Oscilloscope

previously; the oscilloscope is excellent for this
purpose. If a variable-frequency audio oscilla-
tor is used, a check on the frequency response
of the over-all system can be obtained by vary-
ing its frequency (check its output voltage at
each frequency change) and observing the va-
riation in the modulator output voltage. The
high-frequency response of the system can be
attenuated by trying condensers of wvarious
values across the primary and secondary of
the output transformer, as pointed out in the
discussion on Class B modulators. The response
above 3000 cycles should be small compared to
the response in the 200- to 2500-cycle region

so that the channel occupied by the trans-

mitter will not be excessive. A simple way to
check this is to apply a sine-wave signal of
about 1500 cycles and increase its amplitude
until distortion becomes noticeable; when this
occurs the tone no longer sounds pure but
sounds like a musical octave. The condenser
values should then be adjusted until the tone
sounds pure again at the same signal ampli-
tude.
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CHAPTER 9

Checking 'Phone-Transmitter Operation

Proper adjustment of a ’phone {ransmitter
is aided immeasurably by the oscilloscope; it
will give more information, more accurately,
than almost any colleetion of other instru-
ments that might be named. Furthermore, an
oscilloscope that is entirely satisfactory for
the purpose is not necessarily an expensive
instrument; the cathode-ray tube and its
power supply are about all that are needed.
Amplifiers and linear sweep circuits are by no
means necessary. They do, however, give a
different type of pattern than is obtained
without them.

When using the tube without a sweep circuit,
radio-frequency voltage from the modulated
amplifier is applied directly to the wvertical
deflection plates of the tube, and audio-
frequency voltage from the modulator is ap-
plied to the horizontal deflection plates. As
the amplitude of the horizontal signal varies,
the r.f. output of the transmitter also varies,
and this produces a wedge-shaped pattern
or trapezoid on ithe screen. If the oscillo-
scope has a horizontal sweep, the r.f. voltage
is applied to the vertical plates as before (never
through an amplifier) and the sweep produces
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Fig. 9-46 — Methods of connecting an oscilloscope to
the modulated r.f. amplifier for checking modulation.

a pattern that follows the modulation envelope
of the transmitter output, provided the sweep
frequency is lower than the modulation fre-
quency. This produces a wave-envelope modu-
lation pattern.

Oscilloscope connections for both types of
patterns are shown in Fig. 9-46. The connec-
tions for the wave-envelope pattern are some-
what simpler than those for the trapezoidal
figure. The vertical deflection plates are cou-
pled to the amplifier tank coil (or an antenna
coil) through a twisted-pair line and pick-up

As shown in the alternative drawing, a
resonant circuit tuned to the operating fre-
quency may be connected to the wvertical
plates, using link coupling between it and the
transmitter. This will eliminate r.f. harmonies,
and the tuning control provides a means for
adjustment of the pattern height.

To get a wave-envelope pattern the position
of the pick-up coil should be wvaried until a
carrier pattern, Fig. 9-47B, of suitable height
is obtained. The horizontal sweep voltage
should be adjusted to make the width of the
pattern somewhat more than half the diameter
of the screen. When voice modulation is ap-
plied, a rapidly-changing pattern of varying
height will be obtained. When the maximum
height of this pattern is just twice that of the
carrier alone, the wave is being modulated
100 per cent. This is illustrated by Fig. 9-47D,
where the point X represents the sweep line
(reference line) alone, YZ is the carrier height,
and P@ is the maximum height of the modu-
lated wave. If the height is greater than the
distance PQ, as illustrated in £, the wave is
overmodulated in the upward direction. Over-
modulation in the downward direction is
indicated by a gap in the pattern at the refer-
ence axis, where a single bright line appears
on the screen. Overmodulation in either direc-
tion may take place even when the modulation
in the other direction is less than 100 per cent.

Assuming that the modulation is symmet-
rical, any modulation percentage can be
measured directly from the screen by measur-
ing the maximum height with modulation and
the height of the carrier alone; calling these
two heights h1 and he respectively, the modula-
tion percentage is

coil,

] /i)

L9

Connections for the trapezoidal pattern
arc shown In Fig. 9-46B. The vertical plates
are coupled to the transmitter tank circuit
through a pick-up loop; alternatively, the
tuned input circuit to the oscilloscope may be
used. The horizontal plates are coupled to the
output of the modulator through a voltage
divider, R1Rs. Re should be a potentiometer so
the audio voltage can be adjusted to give a
satisfactory horizontal sweep on the screen.
Ry may be a 0.25-megohm volume control.
The value of R; will depend upon the audio
output voltage of the modulator. This voltage

is equal to \/PR, where P is the audio power
output of the modulator and R is the modulat-
ing impedance of the modulated r.f. amplifier.
In the case of grid-bias modulation with a 1:1
output transformer, it will be satisfactory to
assume that the a.c. output voltage of the
modulator is equal to 0.7% for a single tube, or
to 1.4% for a push-pull stage, where E is the
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d.c. plate voltage on the modulator. If the
transformer ratio is other than 1:1, the voltage
so calculated should be multiplied by the
actual secondary-to-primary turns ratio.

The total resistance of R; and Rs in series
should be 0.25 megohm for every 150 volts of
modulator output; for example, if the modula-
tor output voltage is 600, the total resistance
should be four (600/150) times 0.25 megohm,
or 1 megohm. Then, with 0.25 megohm at Rs,
Ry should be 0.75 megohm. The blocking
condenser, C, should be 0.1 ufd. or more, and

its voltage rating should be greater than the

maximum voltage in the ecircuit. With plate
modulation, this is twice the d.c. voltage ap-
plied to the plate of the modulated amplifier.

Trapezoidal patterns for various conditions
of modulation are shown in Fig. 9-47 at F to J,
each alongside the corresponding wave-enve-
lope pattern. With no signal, only the cathode-
ray spot appears on the screen. When the
unmodulated carrier is applied, a vertical line
appears; the length of the line should be ad-
justed, by means of the pick-up coil coupling,
to a convenient value. When the carrier is
modulated, the wedge-shaped pattern appears;
the higher the modulation percentage, the wider
and more pointed the wedge becomes. At 100-
per-cent modulation it just makes a point on
the axis, X, at one end, and the height, P, at
the other end is equal to twice the carrier
height, YZ. Overmodulation in the upward
direction is indicated by increased height over
P@, and in the downward direction by an ex-
tension along the axis X at the pointed end.
The modulation percentage may be found by
measuring the modulated and unmodulated
carrier heights, in the same way as with the
wave-cnvelope pattern.

Nonsymmetrical Waveforms

In voice waveforms the maximum amplitude
in one direction from the axis frequently is
greater than in the other direction (although
the average energy on both sides is the same).
For this reason the percentage of modulation
in the “up” direction frequently differs from
that in the ‘“down’ direction. With a given
voice and microphone, this difference in modu-
‘lation percentage is usually always in the same
direction. Overmodulation in the downward
direction causes more out-of-channel interfer-
ence than overmodulation upward, because of
the sharp break — generating high-order har-
monics — when the carrier goes to zero.

It is therefore advisable to ‘phase’ the
modulation so that the side of the voice wave-
form having the larger excursions causes the
instantaneous carrier power to increase — that
is, modulate upward. This reduces the likeli-
hood of overmodulation on the “down’ peak.
The direction of the larger excursions can read-
ily be found by careful observation of the os-
cilloscope pattern. The phase can be reversed
by reversing the connections of one winding of
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any transformer in the  speech amplifier or
modulator.

Modulation Moniforing

It is always desirable to modulate as fully as
possible, but 100-per-cent modulation should
not be exceeded — particularly in the down-
ward direction — because harmonic distortion
will be introduced and the channel-width in-
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Fig. 9-47 — Wave-envelope and trapezoidal patterns
representing different conditions of modulation.

OVER MODULATION

creased. This causes unnecessary interference
to other stations. The oscilloscope is the best
instrument for continuously checking the
modulation. However, simpler indicators may
be used for the purpose, once calibrated.

A convenient indicator, when a Class B mod-
ulator is used, is-the plate milliammeter in the
Class B stage, since plate current fluctuates
with the voice intensity. Using the oscillo-
scope, determine the gain-control setting and
voice intensity that give 100-per-cent modula-
tion on voice peaks, and simultaneously ob-
serve the maximum Class B plate-milliamme-
ter reading on the peaks. When this maximum
reading is obtained, it will suffice to adjust the
gain so that it is not exceeded.



Properly-operated ’phone
transmitter modulated 100
per cent.

Overmodulation of a trans-
mitter having high modula-
tion capability. Distortion oc-
curs only on the down-peaks.

Nonlinearity in modulated
r.f. stage, frequently caused
by insufficient excitation of
a plate-modulated amplifier
or overexcitation of a grid-
bias modulated amplifier. The
amplifier modulates linearly
in the. downward direction
but the up-peaks are flattened.

Overmodulation and non-
linear operation (insufficient
modulation capability). These
patterns are similar to those
directly above, but with the
modulation carried beyond
100 per cent in the downward
direction.

Overmodulation and para-
sitic oscillations in the modu-
lated amplifier. The trape-
zoidal pattern also shows
phase distortion caused by
incorrect coupling between
the oscilloscope and audio
system.

Left — Phase distortion
caused by incorrect coupling
between audio system and
oscilloscope. Right — Multi-
ple pattern caused by incor-
rect setting of oscilloscope
time-base control. In both
cases the wave is modulated
100 per cent.

PHOTOGRAPHS OF TYPICAL OSCILLOSCOPE PATTERNS
These photographs show various conditions of modulation as displayed by the wedge or trapezoidal patterns in the
left-hand column and the wave-envelope patterns in the right-hand column.
(Photographs reproduced through courtesy of the Allen B. DuMont Laboratories, Inc., Passaic, N. J.)
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A sensitive rectifier-type voltmeter (copper-
oxide type) also can be used for modulation
monitoring. It should be connected across the
output circuit of an audio driver stage where
the power level is a few watts, and similarly
calibrated against the oscilloscope to determine
the reading that represents 100-per-cent
modulation.

The plate milliammeter of the modulated
r.f. stage also is of some value as an indicator of
overmodulation. The average plate current
stays constant if the amplifier is linear, so
the reading will be the same whether or not
the transmitter is modulated. When the ampli-
fier is overmodulated, especially in the down-
ward direction, the operation is no longer linear
and the average plate current will change. A
flicker of the pointer may therefore be taken
as an indication of overmodulation or non-
linearity. However, it is possible that under
some operating conditions the average plate
current will remain constant even though
the amplifier is considerably overmodulated.
Therefore an indicator of this type is not
wholly reliable unless it has been checked pre-
viously against an oscilloscope.

Linearity

The linearity of a modulated amplifier may
readily be checked with the oscilloscope. The
trapezoidal pattern is more easily interpreted
than the wave-envelope pattern, and less auxil-
iary equipment is required. The connections
are the same as for measuring modulation
percentage (Fig. 9-46B). If the amplifier is per-
fectly linear, the sloping sides of the trapezoid
will be perfectly straight from the point at
the axis up to at least 100-per-cent modulation
in the upward direction. Nonlinearity will be
shown by curvature of the sides. Curvature
near the point, causing it to approach the
axis more slowly than would occur with
straight sides, indicates that the output power
does not decrease rapidly enough in this
region; it may also be caused by imperfect
neutralization (a push-pull amplifier is recom-
mended because better neutralization is possi-
ble than with single-ended amplifiers) or by r.f.
leakage from the exciter through the final
stage. The latter condition can be checked by
removing the plate voltage from the modulated
stage, when the carrier should disappear, leav-
ing only the beam spot remaining on the screen
(Fig. 9-47F). If a small vertical line remains,
the amplifier should be reneutralized; if this
does not eliminate the line, it is an indication
that r.f. is being picked up from lower-power
stages, either by coupling through the final
tank or via the oscilloscope pick-up loop.

Inward curvature at the large end of the
pattern is caused by improper operating con-
ditions of the modulated amplifier — usually
improper bias or insufficient excitation, or
both, with plate modulation. In grid-bias and
cathode-modulated systems, the bias, excita-
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tion and plate loading are not correctly pro-
portioned when such curvature occurs. The
usual reason is that the amplifier has been ad-
justed to have too-high carrier efficiency with-
out modulation.

For the wave-envelope pattern, it is neces-
sary to have a linear horizontal- sweep circuit
in the oscilloscope and a source of sine-wave
audio signal voltage (such as an audio osecilla-
tor or signal generator) that can be synchro-
nized with the sweep circuit. The linearity can
be judged by comparing the wave envelope
with a true sine wave, Distortion in the audio
circuits will affect the pattern in this case (such
distortion has no effect on the trapezoidal
pattern, which shows the modulation charac-
teristic of the r.f. amplifier alone), and it is also ~
readily possible to misjudge the shape of the
modulation envelope, so that the wave enve-
lope is less useful than the trapezoid for check-
ing linearity of the modulated amplifier.

Fig. 9-48 shows typical patterns of both
types. The cause of the distortion is indicated
for grid-bias and suppressor modulation. The
patterns at A, although not truly linear, are
representative of properly-operated grid-bias
modulation systems. Better linearity can be
obtained with plate modulation of a Class C
amplifier. .

Faulty Patferns

The drawings of Figs. 9-47 and 9-48 show
what is normally to be expected in the way of
pattern shapes when the oscilloscope is used to
check modulation. If the actual patterns differ
considerably from those shown, it may be that
the pattern is faulty rather than the transmit-
ter. It is important that only r.f. from the
modulated stage be coupled to the oscilloscope,
and then only to the vertical plates. The effect
of stray r.f. from other stages in the transmitter
has been mentioned in the preceding para-
graph, If r.f. is present also on the horizontal
plates, the pattern will lean to one side instead
of being upright. If the oscilloscope cannot be
moved to a spot where the unwanted pick-up
disappears, a small by-pass condenser (10
pufd.) should be connected across the horizon-
tal plates as close to the cathode-ray tube as
possible. An r.f. choke (2.5 mh. or smaller)
may also be connected in series with the un-
grounded horizontal plate.

“Folded” trapezoidal patterns, and patterns
in which the sides of the trapezoid are ellip-
tical instead of straight, occur when the audio
sweep voltage is taken from some point in the
audio system other than that where the a.f.
power is applied to the modulated stage. Such
patterns are caused by a phase difference be-
tween the sweep voltage and the modulating
voltage. The connections should always be as
shown in Fig. 9-46B.

Plate-Current Shift

As mentioned above, the d.c. plate current
of a modulated amplifier will be the same with
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and without modulation so long as the amplifier
operation is perfectly linear and other con-
ditions remain unchanged. This also assumes
that the modulator is working within its capa-
bilities. Because there is usually some curva-
ture of the modulation characteristic with grid-
bias modulation there is normally a slight up-
ward change in plate current of a stage so
modulated, but this occurs only at high modu-
lation percentages and  is barely detectable
under the usual conditions of voice modulation.

With plate modulation, a downward shift
in plate current may indicate one or more of
the following:

1) Insufficient excitation to the modulated
r.f. amplifier.

2) Insufficient grid bias on the modulated
stage.

3) Wrong load resistance for the Class C r.f.
amplifier.

4) Insufficient output capacitance in the fil-
ter of the modulated-amplifier plate
supply.

5) Heavy overloading of the Class C r.f.
amplifier tube or tubes.

Any of the following may cause an upward
shift in plate current:

1) Overmodulation (excessive audio power,
audio gain too great).

2) Incomplete neutralization of the modu-
lated amplifier.

3) Parasitic oscillation in the modulated
amplifier.

When a common plate supply is used for
both a Class B (or Class AB) modulator and a
modulated r.f. amplifier, the plate current of
the latter may ‘“‘kick” downward because of
poor power-supply voltage regulation with the
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Fig. 9-48 — Oscilloscope patterns representing proper
and improper adjustments for grid-bias or cathode
modulation. The pattern obtained with a correctly-
adjusted amplifier is shown at A. The other drawings
indicate nonlinear modulation from typical causes.
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varying additional load of the modulator on the
supply. The same effeet may occur with high-
power transmitters because of poor regulation
of the a.c. supply mains, even when a separatc
power-supply unit is used for the Class B
modulator. Either condition may be detected
by measuring the plate voltage applied to the
modulated stage; in addition, poor line regula-
tion also may be detected by observing if there
is any downward shift in filament or line
voltage.

With grid-bias modulation, any of the fol-
lowing may be the cause of a plate current
shift greater than the normal mentioned above:

Downward kick: Too much r.f. excitation;
insufficient operating bias; distortion in modu-
lator or speech amplifier; too-high resistance in
bias supply; insufficient output capacitance in
plate-supply filter to modulated amplifier; am-
plifier plate circuit not loaded heavily enough;
plate-circuit efficiency too high under carrier
conditions.

Upward kick: Overmodulation (excessive
audio voltage); distortion in audio system; re-
generation beecause of incomplete neutraliza-
tion; operating grid bias too high.

A downward kick in plate current will ac-
company an oscilloscope pattern like that of
Fig. 9-48B; the pattern with an upward kick
will look like Fig. 9-48A, with .the shaded
portion extending farther to the right and
above the carrier, for the “wedge’” pattern.

Noise and Hum on Cazrrier

Noise and hum may be detected by listen-
ing to the signal on a receiver, provided the re-
ceiver is far enough away from the transmitter
to avoid overloading. The hum level should be
low compared to the voice at 100-per-cent mod-
ulation. Hum may come either from the speech
amplifier and modulator or from the 1.f.
section of the transmitter. Hum from the r.f.
section can be detected by completely shutting
off the modulator; if hum remains when this
is done, the power-supply filters for one or more
of the r.f. stages have insufficient smoothing.
With a hum-free carrier, hum introduced by
the modulator can be checked by turning on
the modulator but leaving the speech amplifier
off; power-supply filtering is the likely source
of such hum. If carrier and modulator are both
clean, connect the spcech amplifier and ob-
serve the increase in hum level. If the hum dis-
appears with the gain control at minimum, the
hum is being introduced in the stage or stages
preceding the gain control. The microphone
also may pick up hum, a condition that can
be checked by removing the microphone from
the circuit but leaving the first speech-amplifier
grid circuit otherwise unchanged. A good
ground on the microphone and speech system
usually is essential to hum-free operation.

Hum can be checked with the oscilloscope,
where it has the same appearance as ordinary
modulation on the carrier. While the percent-
age usually is rather small, if the carrier shows



RADIOTELEPHONY

modulation with no speech input hum is the
- likely cause. The various parts of the trans-
mitter may be checked through as described
above.

Spurious Sidebands

A superheterodyne receiver having a crys-
tal filter is needed for checking spurious side-
bands outside the normal communication
channel. The r.f. input to the receiver must
be kept low enough, by removing the an-
tenna or by adequate separation from the
transmitter, to avoid overloading and conse-
quent spurious receiver responses. With the
crystal filter in its sharpest position and the
beat oscillator turned on, tune through the
region outside the normal channel limits (3
to 4 kilocycles each side of the carrier) while
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Trans. 7o Class-C

Amp. plate

CLASS-C AMP.
POWER SUPPLY

Power Supply .

ALTERNATIVE METER
RETURN

Fig. 9-49 — A negative-peak overmodulation indicator.
Milliammeter MA may be any low-range instrument (up to
0-50 ma. or so). The inverse peak-voltage rating of the
rectifier, ¥, must be at least equal to the d.c. voltage ap-
plied to the plate of the r.f. amplifier. The alternative meter-
return circuit can be used to indicate modulation in excess

another person talks into the miecrophone. .
Spurious sidebands will be observed as in-
termittent beat-notes coinciding with voice
peaks — or, in bad cases of distortion or over-
modulation, as “clicks’” or crackles well away
from the carrier frequency. Sidebands more
than 3 to 4 kiloceycles from the carrier should
be of negligible strength in a properly-modu-
lated ’phone transmitter. The causes are over-
modulation or nonlinear operation.

R.F. in Speech Amplifier
A small amount of r.f. current in the speech

amplifier — particularly in the first stage, .

which is most susceptible to such r.f. pick-up
— will cause overloading and distortion in the
low-level stages. Frequently also there is a
regenerative effect which causes an audio-
frequency oscillation or “howl” to be set up
in the audio system. In such cases the gain con-
trol eannot be advanced very far before the
howl builds up, even though the amplifier may
be perfectly stable when the r.f. seetion of the
transmitter is not turned on.

Complete shielding of the microphone,
microphone cord, and speech amplifier is
necessary to prevent r.f, pick-up, and a ground
connection separate from that to which the
transmitter is connected is advisable. Direct
coupling or unsymmetrical coupling to the an-
tenna (single-wire feed, feeders tapped on
final tank eircuit, ete.) may be responsible be-
cause these systems sometimes cause the trans-
mitter chassis to take an r.f. potential above
ground. Induective coupling to a two-wire
transmission line is advisable. This antenna
effect can be checked by disconnecting the
antenna and dissipating the r.f. power in a
dummy antenna, when it usually will be found
that the r.f. feed-back disappears. If it does not,
the speech amplifier and microphone shielding
are at fault.

Overmodulation Indicators

The most positive method of preventing over-
modulation is the clipper-filter system de-
scribed earlier, when properly set up and ad-
justed. In the absence of such a system — or

of any desired value below 100 per cent.

even with it, just to be safe — some form of
overmodulation indicator should be in constant
use when the transmitter is on the air.

The best device for this purpose is the cath-
ode-ray oscilloscope. The trapezoiddl and
wave-envelope patterns are equally useful.
A 60-cycle sinusoidal sweep will be quite satis-
factory for the wave-envelope pattern. Either
pattern should be watched particularly for the
bright spots at the axis that accompany over-
modulation in the downward direction. The
speaking-voice intensity should be kept below
the level that shows 100-per-cent modulation
on the ’scope.

Overmodulation on negative peaks is more
likely to result in spurious sidebands than
overmodulation in the upward direction be-
cause of the sharp break that occurs when
the carrier i1s suddenly cut off and on. The
milliammeter in the negative-peak indicator
of Fig. 9-49 will show a reading on each over-
modulation peak that carries the instantaneous
voltage on the plate of the Class C modulated
amplifier ‘““below zero’” — that is, negative.
The rectifier, V, cannot conduct so long as
the negative half-cycle of audio output volt-
age is less than the d.c. voltage applied to the
r.f. tube. The rectifier tube must be of a type
suitable for the Class C plate voltage em-
ployed, and its filament transformer must have
similarly-rated insulation.

The effectiveness of the monitor is improved
if it indicates at somewhat less than 100-per-
cent modulation, as it will then warn of the
danger of overmodulation before it actually
occurs. It can be adjusted to indicate at any
desired modulation percentage by making the
meter return to a point on the power-supply
bleeder as shown in the alternative diagram.
The by-pass condenser, C, insures that the
full audio voltage appears across the indicator
circuit. The modulation percentage at which
the system indicates is determined by the
ratio of the d.c. voltage between the meter
tap and the positive terminal to the total d.c.
voltage.
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Frequency and Phase Modulation

The primary advantage of frequency or
phase modulation over amphtude modulatlon
comes from the fact that noise or ‘‘static,”
whether natural or set up by electrical ma-
chines, is fundamentally an amplitude effect.
An AM detector responds to noise just as
readily as to the desired modulation on a sig-
nal. However, if the receiving system responds
only to frequency or phase changes and is in-
sensitive to amplitude variations, it will give
normal reception of an M or PM signal but
will not receive noise.

This statement, although an oversimplifica-
tion, conveys the basic idea. In practice it is
only partially accurate; the improvement that
can be realized by using FM or PM instead of
AM depends on the strength of the received
signal, the character of the noise, and the way
the noise is distributed over the receiver pass-
band. In general, the wider the channel occu-
pied by the signal the better the noise suppres-
sion — if the signal strength is above a certain
threshold value. The wider the channel occu-
pied by the signal, the stronger the signal re-
quired to reach the threshold. The noise sup-
pression in the receiver is most effective when
the noise is evenly distributed over the re-
ceiver passband and least so when the noise
appears on one side or the other of the incom-
ing carrier. (The noise itself usually is properly
distributed, but misalignment in receiver cir-
cuits will_cause uneven response over the pass-
band.) The noise suppression salso is most
marked when the noise is of the “impulse”’
type, having a high peak amplitude but short
duration.

In amateur work, FM and PM have been
used not so much because of the possibility of
an improved signal-to-noise ratio but because
of more-or-less incidental advantages. For ex-
ample, in the ultrahigh and superhigh fre-
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Fig. 9-50 — Graphical representation of frequency
modulation. In the unmodulated carrier at A, each r.f.
cycle occupies the same amount of time. When the
modulating signal, B, is applied, the radio frequency is
increased and decreased according to the amplitude and
polarity of the modulating signal.

®)

©) -

quency ranges some tubes do not lend them-
selves well to amplitude modulation, but can
easily be frequency-modulated. On the lower
frequencies FM and PM are often used be-
cause they cause less interference than AM in
unshielded broadecast receivers in the vicinity.

Frequency Modulation

The fundamental principle of frequency
modulation is easy to understand. Suppose we
have an oscillator operating at a frequency of,
say, 3900 kc. Further suppose that we vary the
oscillator tuning control back and forth so that
at one extreme the frequency is 3905 ke. and
at the other, 3895 ke.; that is, plus and minus
5 ke. on either side of the carrier frequency.
Imagine that the tuning is varied back and
forth in that fashion at 1000 times per second.
Then we are frequency modulating the oscil-
lator at an audio frequency of 1000 cycles.

The frequency deviation is the maximum
change in frequency from the carrier frequency;
in this example it is 5 ke. So long as the tuning
control is varied between the same two ex-
tremes, the frequency deviation is the same no
matter how rapidly the control is varied;
i.e., no matter what the modulating frequency.
In other words, we can make the deviation any
reasonable figure we want, whether it is a few
hundred cyecles or tens of kilocycles, and it is
not, affected by the modulating frequency.
~ Fig. 9-50 is a representation of frequency
modulation. In the unmodulated carrier each
cycle occupies the same time as the preceding
one. When a modulating signal is applied, the
carrier frequency is increased during one half-
cycle of the modulating signal and decreased
during the half-cycle of opposite polarity. This
is indicated in the drawing by the fact that the
r.f. cycles occupy less time (higher frequency)
when the modulating signal is positive, and
more time (lower frequency) when the modu-
lating signal is negative. The change in the
carrier frequency is proportional to the in-
stantaneous amplitude of the modulating sig-
nal — or, to use the analogy above, to the
position of the oscillator tuning control — so
the frequency deviation is small when the in-
stantaneous amplitude of the modulating
signal is small, and is greatest when the modu-
lating signal reaches its peak, either positive
or negative. That is, the frequency deviation
follows the changes in the amplitude of the
modulating signal.

Phase and Frequency

Phase modulation is a little more difficult.
To understand the difference between FM and
PM it is necessary to appreciate that the fre-
quency of an alternating current is determined
by the rate at which ils phase changes. A current
in which the phase changes rapidly has a higher
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frequency than one in which the phase changes
- slowly. For example, if the phase moves through
360 degrees in one second the frequency is one
cycle per second, but if the phase moves
through 1080 degrees in one second (3 X 360
degrees) there are three complete cycles in one
second.

If the phase moves along at a constant speed
the frequency also is constant. But if the rate
of phase change is speeded up or slowed down
there is an accompanyingshiftin the frequency.
If the speed is increased the frequency becomes
higher; if the speed is decreased the frequency
becomes lower.

Now suppose we have a transmitter operat-
ing at a fixed frequency; a frequency that is
unaffected by tuning an amplifier that is a few
stages removed from the frequency-controlling
oscillator. We cannot change the frequency, but
we can shift the phase of the r.f. current by ad-
justing the tuning control of the amplifier. We
might, for example, shift the phase of the cur-
rent in that circuit 10 degrees by detuning the
tank circuit from resonance. Once the detuning
is finished the phase shift is permanent, but
there is still just exactly the same number of
cycles per second as before — so the frequency
is exactly the same as it was in the first place.
But during the time that the phase shift is taking
place there is a change in frequency. If the phase
is advanced (moved forward) the frequency
increases; if it is retarded (slowed down) the
frequency decreases.

This ‘‘instantaneous” frequency change
would never be noticed in tuning an amplifier
tank circuit, because the frequency deviation
depends on the speed with which the phase is
shifted. Any manual adjustment would be too
slow to make an observable frequency change.
But when the phase is shifted back and forth
at an audio-frequency rate the frequency devia-
tion 7s observable, and it is directly propor-
tional to the rate at which the phase is shifted.
The rate of phase shift is naturally proportional
to the total number of degrees through which
the phase is shifted; it is also proportional to
the amplitude of the modulating signal (a
large signal will shift the phase more, in the
same time, than a small signal), and to the
frequency of the modulating signal because the
phase shift is more rapid the greater the num-
ber of times it is shifted per second.

To summarize, then, in FM the carrier fre-
quency deviation is proportional to the ampli-
tude of the modulating signal but not to its
frequency. In PM the deviation is proportional
to both the amplitude and frequency of the
modulating signal. Fig. 9-50 is just as represen-
tative of PM as it is of FM, because it is im-
possible to tell the two apart when there is
only one modulating frequency.

Modulation Depth

In FM or PM there is no condition that
corresponds exactly to overmodulation in AM.
“Percentage of modulation” has to be defined
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a little differently for these systems. Practi-
cally, “100-per-cent modulation” is reached
when the transmitted signal occupies a channel
just equal to the bandwidth for which the
receiver is designed. If the channel occupied is
wider than the receiver can accept, the re-
ceiver distorts the signal and the end effect is
much the same as overmodulation in AM.
However, on another receiver designed for a
different bandwidth the same signal might be
equivalent to only 25-per-cent modulation.
Until the maximum width is set for the chan-
nel, percentage of modulation has no meaning.

In amateur work no specifications have been
set up for channel-width except in the case of
“narrow-band” FM or PM (frequently ab-
breviated NI'M), where the channel-width is
defined as being the same as that of a properly-
modulated AM signal. That is, the channel-
width for NFM does not exceed twice the high-
est audio frequency in the modulating signal.
NFM transmissions based on an upper audio
limit of 3000 cycles therefore should occupy a
channel no wider than 6 ke.

FM and PM Sidebands

From the descriptions given above of the
fundamentals of frequency and phase modula-
tion it might be concluded that the channel
occupied by the transmission would be no
greater than the frequency deviation on each
side of the carrier. However, if we applied the
same line of reasoning to amplitude modulation
we should reach the conclusion that an AM
signal takes up no more space than the carrier
alone, since only the amplitude of the carrier
varies. Both conclusions would be wrong; the
fact is that both FM and PM set up sidebands,
just as AM does. In the case of FM and PM,
single-tone modulation sets up a whole series
of pairs of sidebands that are harmonically re-
lated to the modulating frequency, whereas in
AM there is only one pair of sidebands.

The number of “‘extra” sidebands that occur
in FM and PM depends on the relationship
between the modulating frequency and the
carrier frequency deviation. The ratio be-
tween the frequency deviation, in cycles per
second, and the modulating frequency, also in
cycles per second, is called the modulation
index. That is,

Carrier frequency deviation
Modulating frequency

Modulation index =

Example: The maximum frequency deviation
in an FM transmitter is 3000 cycles either side
of the carrier frequency. The modulation index
when the modulating frequency is 1000 cycles is
3000 =3
1000

At the same deviation with 3000-cycle modula-
tion the index would be 1; at 100 cycles it would
be 30, and so on,

Modulation index =

The modulation index is also equal to the
phase shift (in radians). In PM the index is
‘constant regardless of the modulating fre-



quency; in I'M it varies with the modulating
frequency, as shown in the previous example.
To identify any particular FM system, the
limiting modulation index — that is, the ratio
of the maximum carrier-frequency deviation to
the highest modulating frequency used —is
called the deviation ratio.

Fig. 9-51 shows how the amplitudes of the
carrier and the various sidebands vary with
the modulation index. This is for single-tone
modulation; the first sideband (actually a pair,
one above and one below the carrier) is dis-
placed from the ecarrier by an amount equal to
the modulating frequency, the second is twice
.the modulating frequency away from the
carrier, and so on. For example, if the modu-
lating frequency is 2000 cycles and the carrier
frequency is 29,500 ke., the first sideband pair
is at 29,498 ke. and 29,502 ke., the second pair
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be found that more and more additional side-
bands are set up and that the carrier goes
through several ‘““zeros’ and reversals in phase.

Frequency Multiplication

In amplitude modulation it is customary
amateur practice to apply the modulation to
the final r.f. stage of the transmitter. If a lower-
level stage is modulated, a special type of
operation 1s necessary in the following r.f.
stages to pass the modulation envelope without
distortion. These ‘‘linear’ amplifiers are rather
difficult to adjust properly and must be oper-
ated at low plate efficiency. Consequently, the
simplest and most economical transmitter de-
sign results when the final stage is modulated.

In frequency or phase modulation there is no
change in the amplitude of the signal with
modulation. Consequently, an FM or PM sig-
nal can be amplified by an ordinary
Class C amplifier without distortion.
The modulation can take place in a very
low-level stage and the signal can then
be amplified by either frequency multi-
pliers or straight amplifiers. In fact, this
is the usual practice. The audio power
required for modulating an FM or PM
transmitter is negligible.

If the modulated signal is passed
through one or more frequency multi-
pliers, the modulation index is multiplied

1.0 20
MODULATION INDEX

Fig. 9-51 — How the amplitude of the pairs of sidebands varies
with the modulation index in an FM or PM signal. If the curves
‘were extended for greater values of modulation index it would be
seen that the carrier amplitude goes *through zero at several
points. The same statement also applies to the sidebands.

is at 29,496 ke. and 29,504 ke., the third at
29,494 ke. and 29,506 ke., ete. The amplitudes
of these sidebands depend on the modulation
index, not on the frequency deviation. In AM,
regardless of the percentage of modulation (so
long as it does not exceed 100 per cent) the
sidebands would appear only at 29,498 and
29,502 ke. under the same conditions.

Note that, as shown by IFig. 9-51, the carrier
strength varies with the modulation index.
(In amplitude modulation the carrier strength
18 constant; only the sideband amplitude
varies.) At a modulation index of approxi-
mately 2.4 the carrier disappears entirely and
then becomes ‘“‘negative’ at a higher index.
This simply means that its phase is reversed as
compared to the phase without modulation.
In FM and PM the energy that goes into the
sidebands is taken from the carrier, the total
power remaining the same regardless of the
modulation index. In AM the sideband power
is supplied by the modulator in the case of
plate modulation, and by changing the power
input and efficiency in the case of grid-bias
modulation.

Fig. 9-51 can be carried out to considerably-
higher modulation indexes, in which case it will

20 by the same factor that the carrier fre-
quency is multiplied. For example, sup-
pose that the controlling oscillator in the
transmitter is on 3.5 Mec. and the
final output is on 28 Me. The total fre-
quency multiplication is 8 times, and
any I'M or PM applied to the osecillator
will likewise be multiplied by 8 in the
28-Mec. output. If the frequency deviation is
500 cycles at 3.5 Me., it will be 4000 cycles at
28 Mec.

I'requency multiplication offers a means for
obtaining practically any desired amount of
frequency deviation, whether or not the modu-
lator itself is capable of giving that much
deviation without distortion. Also, if the same
oscillator is modulated in a transmitter that
operates on several bands, the frequency devia-
tion is different on each band. The amount of
frequency multiplication after modulation al-
ways must be taken into account in determin-
ing whether or not the final frequency devia-
tion is the desired value on a given band.

@ NARROW-BAND FM OR PM

Where FM or PM is used in crowded
'phone bands (particularly below 27 Me.) it is
of utmost importance that the transmissions
should occupy no greater channel-width than
would be occupied by an AM signal. It is evi-
dent from Fig. 9-51 that this requirement can
be met only by using a relatively small modu-
lation index. It must be realized that the higher-
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order sidebands always are present, even at
very small indexes. It is therefore necessary to
set an arbitrary level above which the extra
sidebands should not go. If the modulation
index (with single-tone modulation) does not
exceed about 0.6 the most important extra
sideband, the second, will be at least 20 db.
below the unmodulated carrier level, and this
should represent an effective channel-width
about equivalent to that of an AM signal. In
the case of speech, a somewhat higher modula-
tion index can be used. This is because the
energy distribution in a complex wave is such
that the modulation index for any one fre-
quency component is reduced, as compared to
the index with a sine wave having the same peak
amplitude as the voice wave.

The chief advantage of narrow-band I'M or
PM for frequencies below 30 Mec. is that it elimi-
nates or reduces certain types of interference
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to broadcast reception. Also, the modulating
equipment is relatively simple and inexpensive.
However, assuming the same unmodulated
carrier power in all cases, narrow-band FM
or PM is not as effective as AM. As shown
by Fig. 9-51, at an index of 0.6 the ampli-
tude of the first sideband is about 25 per cent
of the unmodulated-carrier amplitude; this
compares with a sideband amplitude of 50 per
cent in the case of a 100-per-cent modulated
AM transmitter. In other words, so far as
effectiveness is concerned a narrow-band FM
or PM transmitter is about equivalent to a
100-per-cent modulated AM transmitter op-
erating at one-fourth the power input. This
assumes that the receiving system is equally
efficient in all cases. This very often is not
true on the low-frequency bands, since com-
munications receivers are designed primarily
for AM reception.

Methods of Frequency and Phase Modulation

@ rREQUENCY MODULATION

The simplest and most satisfactory device
for amateur FM is the reactance modulator.
This is a vacuum tube connected to the r.f.
tank circuit of an oscillator in such a way as to
act as a variable inductance or capacitance.
Fig. 9-52 is a representative circuit. The con-
trol-grid circuit of the 6L7 tube is connected
across the small capacitance, 1, which is in
series with the resistor, I, across the oscil-
lator tank circuit. Any type of oscillator cir-
cuit may be used. The resistance of Iy is made
large compared to the reactance of (i, so the
r.f. current through R;C; will be practically in
phase with the r.f. voltage appearing at the
terminals of the tank circuit. However, the
voltage across Cy will lag the current by
90 degrees. The r.f. current in the plate
circuit of the 6L7 will be in phase with
the grid voltage, and consequently is 90
degrees behind the current through Cj,
ar 90 degrees behind the r.f. tank voltage.

This lagging current is drawn through the
oscillator tank, giving the same effect as
though an inductance were connected
across the tank. The frequency increases
in proportion to the amplitude of the
lagging plate current of the modulator.
The value of plate current is determined
by the voltage on the No. 3 grid of the
6L.7; hence the oscillator frequency will
vary when an audio signal voltage is
-applied to the No. 3 grid.

If, on the other hand, C1 and RE; are
interchanged and the reactance of C7 is
made large compared to the resistance of
Ry, the r.f. current in the 6L7 plate cir-
cuit will lead the oscillator-tank r.f.
voltage, making the reactance capacitive
rather than inductive.

Toned
Tank 7

A eircuit using a receiving-type r.f. pentode
of the high-transconductance type, such as the
65G7, is shown in Fig. 9-53. In this case, both
r.f. and audio are applied to the control grid.
The audio voltage, introduced through a
radio-frequency choke, RFC, varies the trans-
conductance of the tube and thereby varies
the r.f. plate current. The capacitance Cjg
corresponds to 'y in Fig. 9-52; it represents the
input capacitance of the tube. (It is possible,
also, to omit Cy from Ifig. 9-52 and depend upon
the input capacitance of the 6L7 instead; the
only disadvantage is that there is then no con-
trol over the modulator sensitivity. Likewise,
a 3-30-uufd. trimmer condenser can be con-
nected at Csin IMig. 9-53 to permit controlling
the sensitivity.) In Fig. 9-53 the r.f. circuit is
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Fig. 9-52 — Reactance-modulator circuit using a 6L7 tube.

C — R.f. tank capacitance. C1 — 3-30 pufd. Cz — 220 wudd.
C3 — 8-ufd. electrolytic (a.f. by-pass) in parallel with 0.01-pfd.

paper (r.f. by-pass).

Cs — 10-pfd. electrolytic in parallel with 0.01-ufd. paper.
L — R.f. tank inductance.
R; — 47,000 ohms.
Rs — 33,000 ohms.

Rz, Rs — 0.47 megohm.
R4 — 330 ohms.
RFC — 2.5 mh.
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series-fed, which is advantageous if the r.f.
tube and the modulator can be operated at the
same plate voltage. The use of different plate
voltages on the two tubes calls for the parallel-
feed arrangement shown in Fig. 9-52,

The modulated oscillator usually is operated
on a relatively low frequency, so that a high
order of carrier stability can be secured. Fre-
quency multipliers are used to raise the fre-
quency to the final frequency desired. The
frequency deviation increases with the number
of times the initial frequency is multiplied;
for instance, if the oscillator is operated on
6.5 Me. and the output frequency is to be 52
Me., an oscillator frequehcy deviation of
1000 cyecles will be raised to 8000 cycles at
the output frequency.

A reactance modulator can be connected
to a crystal oscillator as well as to the self-
controlled type. However, the resulting sig-
nal is more phase-modulated than it is fre-
quency-modulated, for the reason that the
frequency deviation that can be secured by
varying the tuning of a crystal oscillator is
quite small.

Design Considerations

The sensitivity of the modulator (frequency
change per unit change in grid voltage) depends
on the transconductance of the modulator
tube. It increases when C7 is made smaller, for
a fixed value of E;, and also increases with an
increase in L/C ratio in the oscillator tank
circuit. Since the carrier stability of the oscil-
lator depends on the L/C ratio, it is desirable
to use the highest tank capacitance that will
permit the desired deviation to be secured while
keeping within the limits of linear operation.
When the circuit of Fig. 9-53 is used in connec-
tion with a 7-Me. oscillator, a linear deviation
of 1500 eycles above and below the carrier
frequency can be secured when the oscillator
tank capacitance is approximately 200 wppfd.
A peak a.f. input of two volts is required for
full deviation.

A change in any of the voltages on the modu-
lator tube will cause a change in r.f. plate cur-
rent, and consequently a frequency change.
Therefore it is advisable to use a regulated plate
power supply for both modulator and oscilla-
tor. At the low voltages used (250 volts), the
required stabilization can be secured by means
of gaseous regulator tubes.

Speech Amplification

The speech amplifier preceding the modu-
lator follows ordinary design, except that no
power is required from it and the a.f. voltage
taken by the modulator grid usually is small —
not more than 10 or 15 volts, even with large
medulator tubes. Because of these modest re-
quirements, only a few speech-amplifier stages
are needed; a two-stage amplifier consisting of
a pentode followed by a triode, both resistance-
coupled, will more than suffice for ecrystal
microphones.
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@ PHASE MODULATION

The same type of reactance-tube circuit
that is used to vary the tuning of the oscillator
tank in FM can be used to vary the tuning of
an amplifier tank and thus vary the phase of
the tank current for PM. Hence the modulator
circuits of Figs. 9-52 and 9-53 can be used for
PM if the reactance tube works on an amplifier
tank instead of directly on a self-controlled
oscillator.

Fig. 9-53 — Reactance modulator using a high-trans-
conductance pentode (6SG7, 6AG7, cte.).

Ci1 — R.f. tank capacitance (see text).

Cz, C3 — 0.001-u4fd. mica.

Ca, Cs, C6 — 0.0047-pfd. mica.

C7 — 10-ufd. electrolytic.

Cs — Tube input capacitance (see text).

R1, R2 — 0.47 megohm.

R3s — Screen dropping resistor; sclect to give proper
screen voltage on type of modulator tube used.

R4+ — Cathode bias resistor; sclect as in case of Ras.

L1 — R.f. tank inductance.

RFC —2.5-mh. r.f. choke.

The phase shift that occurs when a cireuit is
detuned from resonance depends on the
amount of detuning and the Q of the circuit.
The higher the @, the smaller the amount of
detuning needed to secure a given number of
degrees of phase shift. If the @ is at least 10,
the relationship between phase shift and de-
tuning (in kilocycles either side of the resonant
frequency) will be substantially linear over a
range of about 25 degrees. From the stand-
point of modulator sensitivity, the Q of the
tuned circuit on which the modulator operates
should be as high as possible. On the other
hand, the effective @ of the circuit will not be
very high if the amplifier is delivering power
to a load, since the load resistance reduces the
(). There must therefore be a compromise be-
tween modulator sensitivity and r.f. power out-
put from the modulated amplifier. An optimum
figure for @ appears to be about 20; this
allows reasonable loading of the modulated
amplifier and the necessary tuning variation
can be secured from a reactance modulatox
without difficulty.

It is advisable to modulate at a very low
power level — preferably in a transmitter
stage where receiving-type tubes are used. A
practical phase-modulator unit is described
later in this chapter.
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A Frequency-Conirol and FM-Modulator Unit

The accompanying photographs show a com-
plete VFO/reactance-modulator unit designed
to work into a normally crystal-controlled
transmitter using either 7- or 14-Mec. crystals.
It has its own power supply, using a small
“broadcast-replacement’” power transformer.
The VFO uses a 6SJ7 as the oscillator tube, and
is followed by a 6SJ7 buffer that may be used
as a straight amplifier for 7-Mc. output, or as
a frequency doubler for 14-Me. output. The
reactance modulator is a 6L7. There are two
stages of speech amplification, a 6SJ7 followed
by a 6C5, a combination that provides ample
gain for a crystal microphone. The r.f. output
of the unit is intended to be fed through a link
to a tuned circuit that substitutes for the
crystal in the transmitter’s regular crystal-os-
cillator circuit. This tuned circuit should be
resonant at the same frequency as the output
tank circuit in the control unit (LeC3 in Iig.
9-54) and can be identical in construction.

The constants of the oscillator tank circuit
are chosen so that the frequency range 6000-
7425 ke. can be covered. In the transmitter, the

output can be multiplied in frequency to the -

14-, 28-, 50- and 144-Mec. bands when the
6SJ7 oscillator is set to the appropriate fre-
quency.

. The sensitivity of the modulator is controlled
by the setting of C13. The higher the capaci-
tance of this condenser the smaller the frequency
deviation for a given audio input voltage to
the modulator. At maximum sensitivity, with
C11 at minimum capacitance, the linear devia-
tion is approximately 1.5 ke.; this deviation
requires a signal of 2 volts peak at the No.
3 grid of the 6L7. The actual deviation at the
output frequency depends on the amount of
frequency maultiplication following the oscil-
lator. The maximum linear deviation is 3 ke.
at 14 Mec., 6 ke. at 28 Me., 12 ke. at 50 Me.,
and 36 ke, at 144 Mec. The unit is therefore
suitable for narrow-band frequency modulation
on 14 and 28 Mec., and for wide-band FM on
50 and 144 Mec. For narrow-band FM the
speech-amplifier gain should be set so that the
deviation does not exceed about 2 ke. at the
output frequency.
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Fig. 9-54 — Circuit diagram of the FM control unit for use with normally crystal-controlled v.h.f. transmitters.

Cy — 150-pufd. silvered mica (for

7 Me.) Iytic.

Cz — 100-pufd. variable (National Ri1 — 0.1 megohm, 1 watt.
SE-100).

C3 — 50-ppufd. variable (Hammar-
lund HF-SD). watt.

C4 — 100-pufd. mica.

Cs, Ciz2 — 220-ppfd. mica.

Cg — 0.001-nfd. mica.

Cz, Cs, Cy, C1o, C13, Ci5, C19, C20 —
0.01-pfd. paper,

C11 — 3-30-pufd. mica trimmer.

Ci4, Cz2, C23 — 8-ufd. 450-volt elec-
trolytic.

Cie, C17 — 10-ufd. -25-volt electro-
Iytic.

Cis — 0.1-pfd. 200-volt paper.

Ca21 — Dual 450-volt 8-ufd. electro-

Rz — 22,000 ohms, 1 watt.
Rz, R4, Rs, Ri1 — 47,000 ohms, 1

Rs, Rs — 330 ohms, 14 watt.

R7, Rio — 0.47 megohm, 14 watt.

R¢ — 33,000 ohms, 1 watt.

Ri2 — 4.7 megohms, 14 watt.

Ris — 1000 ohms, 14 watt.

Ri14 — 1 megohm, 15 watt. I
Ris, Rig — 0.22 megohm, 14 watt.
Ris — 0.5-megohm volume control.
Riy — 2200 ohms, 14 watt.

Ris — 47,000 chms, 14 watt.

Rep — 0.15 megohm, 1 watt,

Ti— 7 Me.: 11 turns No. 18 e.,
length 24 inch, 1-inch diam-
eter, tapped 3rd turn from
ground.

l.. — 3.5 Me.: see text; 7T Mec.: 23 t.
No. 24. e. close-wound on
l-inch diam. form; 14 Me.:
11 t. No. 24 e, spaced wire
diam. on 1-inch diam. form.
Link: 3 to 5 turns (not criti-
cal).

Filter choke, 10 hy., 40 ma.

RFC — 2.5-mh. r.f. choke.

S — S.p.s.t. toggle switch.

Ty — 500 volts c.t., 40 ma.; 6.3 volts
at 2 amp.: 5

S volts at 2 amp.

(Thordarson T-13R11),
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Fig. 9-55 — This modulator-oscillator unit is
used with normally crystal-controlled v.h.f.
transmitters for frequency-modulated output.
It contains a speech amplifier and power sup-
ply, so that no additional equipment is needed.
The oscillator coil is in the round shield can in
the center. The coil in the left foreground is
the buffer output circuit. The speech amplifier
and modulator are at the right, with the power
supply along the rear. A 7 X 1l-inch chassis
is used.

¢

In the top view of the unit, the 6SJ7 oscil-
lator tube is alongside the aluminum shield
that covers the oscillator coil. The 6SJ7 r.f.
amplifier is between the oscillator tuning con-
denser (at the center) and its output coil at
the left. The tubes along the right-hand edge of
the chassis are the 6SJ7 and 6C5 speech ampli-
fiers, with the former in front. The 6.7 modu-
lator is between the speech-amplifier tubes and
the oscillator tuned circuit. The r.f. leads in the
oscillator circuit, including the connections to
R11, C11, and the No. 1 grid of the 6.7, should
be kept short and rigid. The usual precautions
as to wiring in r.f. and audio circuits should be
observed.

For narrow-band FM in the portion of the
3.5-Me. band in which such opcration is per-
mitted, it is advisable to operate the oscillator
at half the desired frequency and use the r.f.
output stage as a doubler to 3.5 Mec. For this
purpose it is suggested that a 470-pufd. silvered

mica condenser be substituted at Cq, and that
L consist of 29 turns of No. 20 enameled wire
close-wound on a l-inch diameter form. The
oscillator cathode tap should be at the 9th turn
from ground. The r.f. output coil, Lg, should
have 46 turns of No. 24 enameled wire close-
wound on a 1l-inch diameter form. The fre-
quency range of the oscillator will be sufficient
to cover the frequencies assigned for ’phone.

Somewhat more r.f. output can be obtained
by substituting a 6AC7 for the 6SJ7 output
amplifier. This substitution should be neces-
sary only if the 6SJ7 is incapable of driving the
crystal-oscillator tube in the transmitter. The
considerations involved in coupling a VFO to
various types of crystal-oscillator circuits are
discussed in Chapter Six.

Before putting the unit on the air the carrier
frequency stability and frequency deviation
should be checked by the methods outlined
later.

¢

Fig. 9-56 — In this bottom view of
the FM modulator unit, the r.f. sec-
tion is at the right and the audio at
the left. The oscillator socket is to the
right of the coil socket in the center.

¢+
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A Narrow-Band PM Exciter Unit

The unit shown in Figs. 9-57, 9-58 and 9-59
will deliver from 10 to 20 watts of phase-modu-
lated output, depending upon the plate voltage
used, and it can be used to replace the crystal
oscillator of that power level in any existing
transmitter. It can also be used with an exist-
ing- VFO to obtain a phase-modulated signal.
A low-pass filter is incorporated to limit the
modulation frequencies to those below 3000
cycles, thus making it easier to comply with
the regulations on narrow-band FM and PM.

As can be seen in the wiring diagram, Fig,
9-57, a 6J5 Pierce-type oscillator circuit is used
to excite a 6SK7 r.f. amplifier. If VIO control
is used, the 6J5 can be removed from its socket
and the VFO output introduced at Ji. To ac-
commodate various output levelsfrom the VFO,
a gain control, R, is included in the cathode
circuit of the 6SK7 amplifier. The plate circuit
of the 6SK7 amplifier is reactance-modulated
(to give the PM signal) by a 6SG7 reactance
modulator, and the output of the 6SK7 drives
a 2E26 r.f. amplifier. With 500 volts on the

+250

+250

plate of the 2E26, 15 watts output can be ob-
tained, and the plate voltage can be raised to
600 if more output is required. The microphone
input at Jy4 is amplified through a 68J7 and a
6J5, and the low-pass filter is connected be-
tween the 6J5 and the 6SG7 modulator tube.
The degree of modulation is controlled by the
setting of Rj5, the audio gain control.

Construction

The unit is built on a 7 X 12 X 3-inch chas-
sis, and the loeation of the components can be
seen from Figs. 9-58 and 9-59. A shield can
(Millen 80016) is used over L1, to avoid regen-
eration, and a small shield extends up 1 inch
around the 2E26 for the same reason. No
special care is necessary in wiring the unit, ex-
cept that C5 or Cgshould be mounted across the
6SK7 socket, to shield the grid pin from the
plate pin, and the audio-circuit wiring should
be kept away from the r.f. circuits. The r.f.
input and output, from J; and J3, is most con-
veniently run in short pieces of RG-58/U

|

50 63y - +i%9 4250 4500

reg.

Fig. 9-57 — Wiring diagram of the narrow-band phase-modulation unit.

C1 — 22-uufd. mica.

Ce, Cs, Cs, C7, Cio0, Ci11, Ci3, Cas, Ca4, C26, C2r — 0.001-
ufd. mica.

Cs, C4, Co — 100-ppufd. mica.

Cg — 50-pufd. midget variable (Millen 21050).

Ci2 — 50-pufd. variable (Millen 22050).

C1a, Cis, Co5 — 10-ufd. electrolytic, 25 volts.

Ci5 — 0.1-pfd. paper, 200 volts.

Ci6 — 0.05-pfd. 400-volt paper.

Ci7 — 8-pfd. electrolytic, 450 volts.

Cag, Ce1, C22 — 0.01-ufd. 400-volt paper.

Cap — 0.006-pfd. 200-volt paper.

Ri, Rz, R4, R1a — 47,000 ohms.

R3 — 5000-ohm potentiometer, wire-wound.’

Rs, Rs, R21 — 470 ohms.

R¢ — 12,000 obms.

R7 — 330 ohms, 1 watt.

Rg — 100 ohms.

Rio, Riz — 1.0 megohm.

Rii — 820 ohms.

Riz — 0.22 megohm.

Ris — 0.25-megohm volume control.

Ris — 1000 ohms.

Ri7 — 3900 ohms.

Ris — 0.1 megohm.

Rio — 22,000 ohms.

Rop — 220 ohms.

Resistors 14 watt unless otherwise specified.

Li, Lz — 3.5 Mec.: 40 turns No. 26 e., 1’ d., close-wound.

Lz — 9 turns No. 22 enam., close-wound next to cold
end of La.

L+ — 0.25 henry (Millen 34400-250).

Ji, J3 — Cable connector (Jones S-201).

Jo — Closed-circuit midget jack.

J+ — Miecrophone-cable connector (Amphenol PC1M).

RFCi, RFCz — 2.5 mh.
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Fig. 9-58 — The narrow-band PM exciter
is built in simple style. The r.f. stages are
mounted along the front, and from left to
right the tubes are 6J5, 6SK7 and 2E26.
Note the shield can for the 6SK7 plate
coil. The tubes at the rear, from left to
right, are 65J7, 6J5 and 65G7.

L4

to warm up and apply plate power.
If the crystal oscillator is being
used, the circuit will work with-
out adjustment and, with Rj3 set
at minimum resistance, a meter
plugged in at J2 should read 3 or 4
ma. when Cg is tuned to resonate
the 68KY7 plate circuit. With VFO
input, the excitation may be more

cable, but no other shielding should be neces-
sary. The excitation control, R3, was made to
be adjusted by a screwdriver, since ordinarily
there is little need for changing the sctting
once it has been established.

The power-supply requirements are 500

S

Fig.9-59 — The r.f. and audio
wiring of the PM exciter are
kept scparated as much as
possible. To carry out this
scheme, the audio gain con-
trol is mounted on a small
bracket, and a long shaft is
brought out to the panel.

L4

than this. The 2E26 plate dircuit
ecan be tuned using a milliammeter in the 500-
volt lead or by reading grid current on the
following stage. When the two r.f. circuits
have been resonated, the gain of the 6SK7
stage should be reduced, by increasing the
resistance at Rz until the grid current is be-

volts at 60 ma. (or whatever is required for
input to the 2E26 plate), 250 volts at 25 ma.,
150 volts regulated (by a VR-150) at about 12
ma., and 6.3 volts a.c. at 2.3 amperes. If the
150-volt supply is not regulated, C27 should be
shunted with an 8-ufd. electrolytic condenser,
to avoid audio degeneration.

Tuning

To set the unit in operation after the power
supply has been connected, allow the heaters

tween 2.5 and 3 ma. Monitoring the signal
in a receiver (at reduced gain and with no
antenna connected), the proper setting of R
for the microphone in use can be found. The
audio gain control, Ri5 will normally be set
near maximum for work on 3.9 Me., but it will
be necessary to reduce the setting for 14- and
29-Me. operation. Working with a 3.9-Mec.
crystal or VIO, best results on 75-meter phone
will be obtained when the receiving operator
uses his crystal filter for pure PM reception.

Checking FM and PM Transmitters

Accurate checking of the operation of an
FM or PM transmitter is considerably more
difficult than the corresponding checks on an
AM set. This is because the common forms of
measuring devices either indicate amplitude
variations only (a d.c. milliammeter, for ex-

ample), or because their indications are most
easily interpreted in terms of amplitude. There
is no simple instrument that indicates frequency
deviation in a modulated signal directly, in the
same fashion that an oscilloscope will indicate
the instantaneous modulation percentage of an
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AM signal. To check an FM signal we must
first establish the relationship between fre-
quency deviation and the amplitude of the
speech signal that is causing the deviation.
Then the amplitude of the speech signal be-
comes a measure of the frequency deviation,

There is one very favorable feature in FM
or PM checking. The modulation takes place
at a very low level and the stages following the
one that is modulated do not affect the fre-
quency deviation so long as they are properly
tuned. Therefore the modulation may be
checked without putting the transmitier on the
air, or even on a dummy antenna. The power is
simply cut off the amplifiers following the
modulated stage. This not only avoids unneces-
sary interference to other stations during test-
ing periods, but also keeps the signal at such a
low level that it may be observed quite easily
on the station receiver. A good receiver with a
crystal filter is an essential part of the checking
equipment of an FM or PM transmitter, par-
ticularly for narrow-band FM or PM.

The quantities to be checkedin an FM or PM
transmitter are the linearity and frequency
deviation. Because of the essential difference
between FM and PM the methods of checking
differ in detail.

Reactance-Tube FM

‘It was explained earlier that in FM the fre-
quency deviation is the same at any audio mod-
ulation frequency if the audio signal amplitude
does not vary. Since this is true at eny audio
frequency it is true at zero frequency. Conse-
quently it is possible to calibrate a reactance
modulator by applying an adjustable d.c.
voltage to the modulator grid and noting the
change in oscillator frequency as the voltage
is varied. A suitable circuit for applying the
adjustable voltage is shown in Fig. 9-60. The
battery, B, should have a voltage of 3 to 6
volts (two or more dry cells in series). The
arrows indicate clip connections so that the
battery polarity can be reversed.

The oscillator frequency deviation should be
measured by using a receiver in conjunction
with an accurately-calibrated frequency meter,

o
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Fig. 9-60 — D.c. method of checking frequency devia-
tion of a reactance-tube modulated oscillator, A 500-
or 1000-ohm potentiometer may be used at R.

or by any means that will permit accurate
measurement of frequency differences of a few
hundred cyecles. One simple method is to tune
in the oscillator on the receiver (disconnect the
receiving antenna, if necessary, to keep the
signal strength well below the overload point)
and then set the receiver b.f.o. to zero beat.
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Then increase the d.c. voltage applied to the
modulator grid from zero in steps of about 14
volt and note the beat frequency at each
change. Then reverse the battery terminals
and repeat. The frequency of the beat-note
may be measured by comparison with a cali-
brated audio-frequency oscillator, or by com-
parison with a piano or other musical instru-
ment (see Chapter Twenty-Four for frequen-
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Fig. 9-61 — A typical curve of frequency deviation vs.
modulator grid voltage. This curve was taken on the
FM modulator unit described in this chapter (6L7
modulator and oscillator operating on 7 Me.).

cies of musical tones). Note that with the bat-
tery polarity positive with respect to ground
the radio frequency wiil move in one direction
when the voltage is increased, and in the other
direction when the battery terminals are re-
versed. When a number of readings has been
taken a curve may be plotted to show the re-
lationship between grid voltage and frequenecy
deviation.

A sample curve is shown in Fig. 9-61. The
usable portion of the curve is the center part
which is essentially a straight line. The bending
at the ends indicates that the modulator is no
longer linear; this departure from linearity will
cause harmonic distortion and will broaden the
channel occupied by the signal. In the ex-
ample, the characteristic is linear 1.5 ke. on
either side of the center or carrier frequency.
This is the maximum deviation permissible at
the frequency at which the measurement is
made. At the final output frequency the devia-
tion will be multiplied by the same number of
times that the measurement frequency is mul-
tiplied. This must be kept in mind when the
check is made at a frequency that differs from
the output frequency.

A good modulation indicator is a “magic-
eye’’ tube such as the 6 E5. This should be con-
nected across the grid resistor of the reactance
modulator as shown in Fig. 9-62. Note its de-
flection (using the d.c. voltage method as in
Fig. 9-60) at the maximum deviation to be
used. This deflection represents ‘‘100-per-cent
modulation” and with speech input the gain
should be kept at the point where it is just
reached on voice peaks. If the transmitter is
used on more than one band, the gain control
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should be marked at the proper setting for
each band, because the signal amplitude that
gives the correct deviation on one band will
be either too great or too small on another. For
narrow-band FM the proper deviation is ap-
proximately 2000 cycles (based on an upper
a.f. limit of 3000 cycles and a deviation ratio
of 0.7) at the final output frequency. If the out-
put frequency is in the 29-Me. band and the
oscillator is on 7 Me., the deviation at the
oscillator frequency should not exceed 2000/4,
or 500 cycles.

Checking with a Crystal-Filter Receiver

With PM the d.c. method of checking just
described cannot be used, because the fre-
quency deviation at zero frequency also is zero.
For narrow-band PM it is necessary to check
the actual channel-width occupied by the

o ) To Grid
1 Meg.
6E5
Speech-Amp.
Gain Control
Q
= = +250V

Fig. 9-62 — 6E5 modulation indicator for FM or PM
modulators. To insure sufficient grid voltage for a good
deflection, it may be necessary to connect the gain
control in the modulator grid circuit rather than in an
earlier speech-amplifier stage.

transmission. (The same method also can be
used to check FM.) For this purpose it is
necessary to have a crystal-filter receiver and
an a.f. oscillator that generates a 3000-cycle
sine wave.

Keeping the signal intensity in the receiver
at a medium level, tune in the carrier at the out-
put frequency. Do not use the a.v.c. Switch on
the beat oscillator, and set the crystal filter at
its sharpest position. Peak the signal on the
crystal and adjust the b.f.o. for any convenient
beat-note. Then apply the 3000-cycle tone to
the speech amplifier (use the connections shown
in Fig. 9-43 to avoid overloading) and increase
the audio gain until there is a small amount of
modulation. Tuning the receiver on either side
of the carrier frequency will show the presence
of sidebands 3 ke. from the carrier on both
sides. With low audio input, these two should
be the only sidebands detectable.

Now increase the audio gain and tune the
receiver over a range of about 10 ke. on both
sides of the carrier. When the gain becomes high
enough, a second set of sidebands spaced 6 ke.
on either side of the carrier will be detected.
The signal amplitude at which these sidebands
become detectable is the maximum speech am-
plitude that should be used. If the 6E5 modula-
tion indicator is incorporated in the modulator,
its deflection with the 3000-cycle tone will
be the ‘““100-per-cent modulation’ deflection
for speech.
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When this method of checking is used with a
reactance-tube modulated FM (not PM) trans-
mitter, the linearity of the system can be
checked by observing the carrier as the a.f. gain
is slowly increased. The beat-note frequency
will stay constant so long as the modulator
is linear, but nonlinearity will be accompanied
by a shift in the average carrier frequency
that will cause the beat-note to change in
frequency. If such a shift occurs at the same
time that the 6-ke. sidebands appear, the extra
sidebands may be caused by modulator dis-
tortion rather than by an excessive modulation
index. This means that the modulator is not
able to shift the frequency over a wide-enough
range — a situation comparable to an AM
transmitter that is not capable of 100-per-cent
modulation. The 6-ke. sidebands should ap-
pear before there is any shift in the carrier
frequency.

R.F. Amplifiers

The r.f. stages in the transmitter that follow
the modulated stage may be designed and ad-
justed as in ordinary operation. In fact, there
are no special requirements to be met except
that all tank circuits should be carefully tuned
to resonance (to prevent unwanted r.f. phase
shifts that might interact with the modulation
and thereby introduce hum, noise and dis-
tortion). In neutralized stages, the neutraliza-
tion should be as exact as possible, also to
minimize unwanted phase shifts. With FM and
PM, all rf. stages in the transmitter can be
operated at the manufacturer’s maximum
c.w.-telegraphy ratings, since the average
power input does not vary with modulation as
it does in AM ’phone operation.

The output of the transmitter should be
checked for amplitude modulation by observ-
ing the antenna current. It should not change
from the unmodulated-carrier value when the
transmitter is modulated. If there is no an-
tenna ammeter in the transmitter, a flashlight
lamp and loop can be coupled to the final tank
coil to serve as a current indicator. If the car-
rier amplitude is constant, the lamp brilliance
will not change with modulation.

Amplitude modulation accompanying FM
or PM is just as much to be avoided as fre-
quency or phase modulation that accompanies
AM. A mixture of AM with either of the other
two systems results in the generation of spuri-
ous sidebands and consequent widening of the
channel. If the presence of AM is indicated by
variation of antenna current with modulation,
the cause is almost certain to be nonlinearity
in the modulator. In very wide-band I'M, it is
possible for the selectivity of the tank circuits
in the transmitter to cause the amplitude to
decrease at high deviations, but this is not
likely to occur on the amateur frequencies at
which wide-band I'M would be used. It is a
practical certainty that it cannot occcur with
narrow-band FM or PM, except when an am-
plifier stage is on the verge of self-oscillation.



CHAPTER 10

Antennas and
Transmission Lines

The radio-frequency power that is generated
by a transmitter serves a useful purpose only
when it is radiated out into space in the form
of electromagnetic waves. It is the antenna’s
job to convert the power into radio waves as
efficiently as possible, and to direct the waves
where they will do the most good in com-
munication. To do so, the antenna usually
must be located well above the ground and
kept as far as possible from buildings, trees,
and other objects that might absorb energy.
This raises a problem, because by some means
or another the power that is generated inside
the station, in the transmitter, must be con-
veyed to the antenna. The usual means

a lot of other electrical devices, some antennas
want a relatively large current at low voltage,
while others want high voltage at low current.
We connect a 115-volt lamp, for example, to a
115-volt power line, but if we have a 6-volt
lamp and want to run it from the 115-volt line
we have to use a transformer to reduce the
voltage. Similarly, if an antenna wants high
current at low voltage (low impedance) and the
transmission line is of a type that is best
adapted to carrying power at low current and
high voltage (high impedance), we need a
transforming device comparable to the trans-
former used with the 6-volt lamp.

1s a transmission line.
There is thus a natural assoclation be-
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tween antennas and transmission lines
— an association that has frequently led
to the quite mistalken belief that an an-
tenna fed by a particular type of transmission
line is a better (or worse) radiator than exactly
the same type of antenna fed by a different
type of transmission line. The fact is that a
transmission line can be used to carry power
to any sort of device — not just an antenna —
capable of receiving it. Nor does the antenna
care by what means it gets the power; the
amount it receives will be radiated just as well
no matter by what system it was conveyed to
the antenna.

While it would be dangerous to carry the
comparison very far, there are nevertheless
some similarities between transmission lines at
radio frequencies and the lines used for carry-
ing 60-cycle power from the generating station
to the consumer. Some lines are best adapted to
carrying power at high voltage and relatively
low current; the reverse is true of others. Like

Fig. 10-1 — The principal elements in the system connecting
the transmitter and antenna.

The power company’s generators usually do
not generate the voltage that is wanted on the
power line, so an appropriate transformer is
connected between the generator and the line.
Similarly, the voltage generated in the tank
circuit of the final amplifier in the transmitter
usually has to be transformed to a value that
““fits”” the transmission line used. At radio fre-
quencies, it is more convenient to talk in terms
of impedance rather than voltage, so we speak
of “impedance transformations’” rather than
“voltage transformations.” In general, we have
a complete system like that shown in block
form in Fig. 10-1. Perhaps this looks com-
plicated, but the power-line analogy should
help make it understandable. The equipment
itself is not particularly complex, and seems
even less so when the underlying necessity for
it i1s appreciated.

Transmission Lines

At power-line frequencies — and even at
rather high radio frequencies when we are deal-
ing with tuned circuits that are physically
rather small — it is habitual to think of cur-
rent as flowing “around” the circuit. In a
series circuit, for example, it is assumed that
the current has the same value at every point

in the circuit. Indeed, all the explanations of
circuit action in Chapter Two are based on this
assumption.

The assumption can be true only if electrical
and magnetic effects take place instantane-
ously all around the cireuit. The fact is, though,
that the action is not instantaneous. The
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fastest that an electromagnetic field can travel
is 300,000,000 meters, or 186,000 miles, per
second. This is a tremendous speed, and is so
great that in many circuits the action appears
to be instantaneous. When that is so we can
ignore the fact that it takes a certain amount
of time for an electrical effect that occurs at
one point to be felt at another a short distance
" away.

But there are other circuits in which time
becomes an all-important factor. The trans-
mission lines used to carry radio-frequency
power are typical circuits in which time cannot
be neglected.

. CURRENT FLOW IN LONG LINES

Suppose we have a battery connected to a
pair of parallel wires that extends to a very
great distance, as in Fig. 10-2. At the moment

Fig. 10-2 — Illustrat-
ing current flow on a
long transmission line.

the battery is connected to the wires, electrons
in wire No. 1 near the positive terminal of the
battery will be attracted to the battery, and
the same number of electrons in wire No. 2,
near the battery terminal, will be repelled out-
ward along the wire. The directions are shown
by the arrows. Thus a current flows in both
wires at the instant the battery is connected.
These currents do not flow throughout the en-
tire length of both wires simultaneously. They
start instantaneously in both wires at the bat-
tery terminals, but a definite time interval will
elapse before they are evident at a distance
from the battery.

The time interval may be very small.
For example, one-millionth of a second (one
microsecond) after the connection is made the
currents in the wires will have traveled 300
meters, or nearly 1000 feet, from the battery
terminals. Note that they flow in both wires si-
multaneously, even though there may be no
connection between the two wires at the end
(which is infinitely far away) to form what we
ordinarily think of as a closed circuit.

The current is in the nature of a charging
current, flowing to charge the capacitance be-
tween the two wires. But unlike an ordinary
condenser, the conductors of this “linear” con-
denser have appreciable inductance. In fact,
we may think of the line as being composed of
a whole series of small inductances and capaci-
tances connected as shown in Fig. 10-3, where
each coil is the inductance of a very short sec-
tion of one wire and each condenser is the
capacitance between two such short sections.

CHAPTER 10

Characteristic Impedance

An indefinitely-long chain of coils and con-
densers connected as in Fig. 10-3, where each
L is the same as all others and all the Cs have
the same value, has an interesting and impor-
tant peculiarity. To an electrical impulse ap-
plied to one end, the combination (or transmis-
sion line) appears to have an impedance that
is approximately equal to \/L/C‘, where L
and C are the inductance and capacitance per
unit length. Furthermore, this impedance is
purely resistive. The line will “look like” such
an impedance only when it is infinitely long,
but even a short line can be made to “think”
it i1s infinitely long by means to be described a
little later.

This inherent line impedance is called the
characteristic impedance or surge impedance
of the line, Its value is determined by the in-
ductance and capacitance per unit length.
These quantities in turn depend upon the size
of the line conductors and the spacing between
them. The closer the two conductors of the line
and the greater their diameter, the higher the
capacitance and the lower the inductance. A
line with large conductors closely spaced will
have low impedance, while one with small
conductors widely spaced will have relatively
high impedance.

The characteristic impedance of the line is a
very important property. For one thing, it
determines the amount of current that can
flow when a voltage is applied to the line.
When a line is infinitely long, the current is
simply equal to E/Z,, where E is the voltage
applied to the line and Z, is the characteristic
impedance. This has nothing to do with the
resistance of the conductors; in fact, in this
simplified picture of a transmission line we
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Fig. 10-3 — Equivalent of a transmission line in lumped
circuit constants.

have tacitly assumed that the conductors do
not have any resistance. The line is an 1m-
pedance (like any circuit composed of L and
C, without any R) that does not consume
power. Actually, of course, the conductors do
have resistance, so power cannot be trans-
mitted along the line without some loss. But if
the line is properly constructed and operated,
this loss will be small compared with the
amount of power carried to the load to do
useful work.

- R.F. on Lines

Bearing in mind that time must elapse before
the currents initiated at the “input’ end of the
line — that is, the end to which the source of
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power is connected — can appear some dis-
tance away, consider now what happens
when a radio-frequency voltage is applied
to a transmission line. Suppose an r.f. gen-
erator is connected to a long line as shown
in Fig. 10-4. To make the figures easy, as-
sume that the frequency is 10 Me., or
10,000,000 cycles per second. Then each
cyele will occupy 0.1 microsecond, as shown
by the drawing of the applied voltage. Sup-
pose that the points B and D along the linc
are 30 meters away from 4 and C, respec-
tively. If the current travels with the
velocity of light, in 0.1 microsecond (one
cyele) it will move 30 meters (300,000,000
meters divided by 10,000,000 cycles) along
the line. This is a distance of one wave-
length. Thus any currents observed at B
and D ocecur just one cycle later in time than
the currents at A and C. To put it another
way, the currents initiated at 4 and C do
not appear at B and D, one wavelength
away, until the applied voltage has had
time to go through a complete cycle.

Since the applied voltage is always chang-
ing, the currents at 4 and € are changing in
proportion. The current a short distance
away from A and C — for instance, at X
and ¥ — is not the same as the current at
A and C because the current at X and Y
was caused by a value of voltage that oc-
curred slightly earlier in the cycle. This is
true all along the line; at any instant the
current anywhere along the line from A to
B and C to D is different from the current
at every other point in that same distance.
The series of drawings shows how the in-
stantaneous currents might be distributed if
we could snapshot them at intervals of one-
quarter cycle. The current travels out from
the input end of the line in waves.

At any selected point on the line the current
goes through its complete range of a.c. values
in the time of one cycle just as it does at the
input end. Therefore (if there are no losses) an
ammeter inserted in either conductor would
read exactly the same current at any point
along the line, because the ammeter averages
the current over a whole eycle. The phases of
the currents at any two separated points would
be different, but an ammeter would not show
this.

“Matched’” Lines

In this picture of current traveling along a
transmission line we have assumed that the
line was infinitely long. Lines have a definite
length, of course, and they are connected to
or terminated in a load at the ““output’’ end,
or end to which the power is delivered. If the
load is a pure resistance of a value equal to the
characteristic impedance of the line, the cur-
rent traveling along the line to the load does
not find conditions changed in the least when
it meets the load; in fact, the load just looks
like still more transmission line of the same
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Fig. 10-4 — Progression of radio-frequency current flow in a
transmission line.

characteristic impedance. Consequently, con-
necting such a load to a short transmission
line allows the current to travel in exactly the
same fashion as it would on an infinitely-long
line.

In other words, a short line terminated in a
purely-resistive load equal to the characteristic
impedance of the line acts just as though it
were infinitely long. Such a line is said to be
matched. In a matched transmission line,
power travels outward along the line from the
source until it reaches the load, where it is
completely absorbed.

@ STANDING WAVES

Now suppose that the line is terminated in a
load that is not equal to the line’s characteristic
impedance. To take an extreme case, suppose
that the output end of the line is short-
circuited, as in Fig. 10-5.

With the infinitely-long line (or its matched
counterpart) the impedance was the same at
any point on the line and therefore the ratio of
voltage to current was the same at any point
on the line. However, the impedance at the
end of the line in Fig. 10-5 is zero — or at
least extremely small. A given amount of
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power in a very low impedance will result in a
very large current and a very small voltage, as
compared with the current-voltage ratio that
exists in a few hundred ohms — which is a
typical impedance value for some types of
transmission lines. Something has to happen,
therefore, when the power traveling along the
transmission line meets the short-circuit at
the end.

What happens is that the outgoing power,
on meeting the short-circuit, simply reverses
its direction of flow and goes back along the
transmission line toward the input end. It has
nowhere else to go. There is a very large cur-
rent in the short-circuit, but substantially no
voltage across the line at this point. We now
have a voltage and current representing the
power going outward toward the short-circuit,
and a second voltage and current representing
the reflected power traveling back toward
the source,

Consider only the two current components
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completely in nor completely out of phase and
so their sum is not equal to their numerical
sum, but is something less.

The points at which the currents are in and
out of phase depend only on the {Zme required
for them to travel and so depend only on the
distance along the line from the point of re-
flection, The phase is completely reversed
when the current travels for one-half eycle —
that is, a distance of one-half wavelength —
and is back in the in-phase condition when the
current has traveled for one whole cycle, or
one wavelength.

In the short-circuit at the end of the line the
total current is high and the two current com-
ponents are in phase. Therefore at a distance
of one-half wavelength back along the line from
the short-circuit the outgoing and reflected
components will again be in phase and the
current will have its maximum wvalue. This is
also true at any point that is a multiple of
a half-wavelength from the short-cireuited
end of the line. The distance along the
line is one-half wavelength because the
current has to travel the distance twice
in order to “meet itself coming back.”

Since a total distance of one-half wave-
length gives a complete reversal of phase, -
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the outgoing and reflected currents will
cancel at a point one-quarier wavelength,
along the line, from the short-circuit. At -
this point, then, the current will be zero.
It will also be zero at all points that are
an odd multiple of one-quarter wave-
length from the short-circuit.

If the current along the line is meas-
ured at successive points with an am-
meter, it will be found to vary about as
shown in Fig. 10-5B. The same result
would be obtained by measuring the cur-
rent in either wire, since the ammeter
cannot measure phase. However, if the
phase could be checked, it would be found
that in each successive half-wavelength
section of the line the currents at any
given instant are flowing in opposite di-

Safe

Fig. 10-5 — Standing waves of voltage and current along a

short-circuited transmission line.

for the moment. The reflected current travels
at the same speed as the outgoing current, so
its instantaneous value will be different at
every point along the line, in the distance rep-
resented by the time of one cycle., At some
points along the line the outgoing and reflected
currents will be in phase while at other points
they will be completely out of phase. At the
out-of-phase points the currents cancel each
other (if the outgoing and reflected currents
have the same value, as they will if all the
power is reflected) and so at those points the
resultant. current is zero. At the in-phase
points the two currents add numerically. At
in-between points the two currents are neither
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(E) \ v \ 4 including
. / A P4 polarity

rections, as indicated by the solid line in
Fig. 10-5C. Furthermore, the current in
the second wire is flowing in the opposite
direction to the current in the adjacent
section of the first wire, as a result of the
clectron movement discussed in connection
with IFig. 10-2. This is indicated by the broken
curve in Fig., 10-5C. The variations in current
intensity along the transmission line are re-
ferred to as standing waves. The point of
maximum line current is called a current loop
and the point of minimum line current a cur-
rent node.

Voltage Relationships

Since the end of the line is short-circuited,
the voltage at that point has to be zero. This
can only be so if the voltage in the outgoing
wave is met, at the end of the line, by an equal
voltage of opposite polarity. In other words,
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Fig. 10-6 — Input reactance vs. length of a short-
circuited transmission line. Actual values of reactance
depend upon the characteristic impedance of the line as

well as its length. For a given line length, the input.

reactance is directly proportional to the characteristic
impedance.

the phase of the voltage wave is reversed when
reflection takes place from the short-circuit.
This reversal is equivalent to an extra half-
cycle or half-wavelength of travel. As a result,
the outgoing and returning voltages are in
phase a quarter wavelength from the end of
the line, and again out of phase a half-wave-
length from the end. The standing waves of
voltage, shown at D in Fig. 10-5, are therefore
displaced by one-quarter wavelength from the
standing waves of current. The drawing at E
shows the voltages on both wires when phase
is taken into account. The polarity of the
voltage on each wire reverses in each half-
wavelength section of transmission lne. A
voltage maximum on the line is called a voltage
loop and a voltage minimum is called a voltage
node.

Input Impedance

It is apparent, from examination of
B and D in Fig. 10-5, that at points
that are a multiple of a half-wave-
length —i.e., 14, 1, 114 wavelengths,
ete. — from the short-circuited end of
the line the current and voltage have
the same values that they do at the
short-circuit. In other words, if the
line were an exact multiple of a half-
wavelength long the generator or
source of power would ‘“look into’’ a
short-circuit. On the other hand, at
points that are an odd multiple of a
quarter wavelength —i.e; 14, 34, 114,
etc. — from the short-circuit the volt-
age is maximum and the current is
zero. Since Z = E/I, the impedance
at these points is theoretically infinite.
(Actually it is very high, but not in-
finite. This is because the current does
not actually go to zero when there are
losses in the line. Losses are always
present, but usually are small enough
so that the impedance is of the order

(B)
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At either the odd or even multiples of a
quarter wavelength the impedance is a pure
resistance, because at these points the current
and voltage in the transmission line are exactly
in phase.

A detailed study of the outgoing and re-
flected components of voltage and current
will show that at a point such as X in Fig. 10-5,
lying anywhere in the section of line between
the short-circuit and the first quarter-wave-
length point, the current lags behind the volt-
age. This is exactly what happens in an in-
ductance, so it can be said that a section of
short-circuited transmission line less than a
quarter wavelength long has inductive re-
actance. The value of reactance is determined
by the ratio of voltage to current at the input
end of such a line. It is evident from B and D
in Fig. 10-5 that the reactance is low when the
line is quite short, and highest when the line is
nearly a quarter wavelength long. The line
also has inductive reactance when its length
is between one-half and three-quarter wave-
length, between one and one-and-one-quarter
wavelengths, and so on. '

On the other hand, in the section of line
between one-quarter and one-half wavelength
from the short-circuit the current leads the
voltage, so a short-circuited line having a
length between these two limits “looks like”
a capacitive reactance to the generator to
which it is connected. The reactance is highest
when the line is just over one-quarter wave-
length long, and lowest when the line is just
less than one-half wavelength long. Fig. 10-6
shows the general way in which the reactance
varies with different line lengths.
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Open-Circuited Line

If the end of the line is open-circuited instead
of short-circuited, there can be no current at
the end of the line but a large voltage can
exist. Again the outgoing power is reflected
back toward the source because it has nowhere
else to go. In this case, the outgoing and re-
flected components of current must be equal
and opposite in phase in order for the total
current at the end of the line to be zero. The
outgoing and reflected components of voltage

LENGTH =
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134 m(

Fig. 10-8 — Input reactance wvs. length of an open-
circuited transmission line. Actual values of reactance
depend upon the characteristic impedance of the line
as well as its length. For a given line length, the input
reactance is directly proportional to the characteristic
impedance.
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are in phase, however, and add together. The
result is that we again have standing waves,
but the conditions are reversed. Fig. 10-7
shows the open-circuited line case. It may be
compared directly with Fig. 10-5. The imped-
ance looking into the line toward the open end
is purely resistive at each multiple of one-
quarter wavelength. It is very low at odd
multiples of one-quarter wavelength, and very
high at even multiples. In fact, an open-cir-
cuited line and short-circuited line behave just
alike if the length of one differs by one-quarter
wavelength from the length of the other.

Fig. 10-8 shows how the reactance varies
with line length for the open-circuited line.
Comparing this with Fig. 10-6 shows that the
reactance of any given length of line is of the
opposite type to that obtained with a short-
circuited line of the same length.

Lines Terminated in Resistive Load

An open- or short-circuited line does not
deliver any power to a load, and for that rea-
son 1s not, strictly speaking, a ‘‘transmission”
line. However, the fact that a line of the proper
length has an extremely high resistive input
impedance at a given frequency or wavelength
makes such lines useful as substitutes for the
more common coil-and-condenser resonant cir-
cuits. With proper design, the effective @ of
such a “linear’” resonant circuit is much higher
than is obtainable with coils and condensers.
Linear circuits are particularly useful at v.h.f.,
and their application in that field is discussed
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in later chapters. In this chapter we are con-
cerned with lines delivering power to a load
such as an antenna.

Fig. 10-9 shows a line terminated in a resis-
tive load. In such a casc at least part of the
outgoing power is absorbed in the load, and so
is not available to be reflected back toward the
source. Because only part of the power is re-
fleeted, the reflected components of voltage
and current do not have the same magnitude
as the outgoing components. Therefore there
1s no such thing as complete cancellation of
either voltage or current at any point along
the line. However, the speed at which the out-
going and reflected components travel is not
affected by their amplitude, so the phase rela-
tionships are similar to those in open- or
short-circuited lines.

It was pointed out earlier that if the load
resistance, which we will call Z,, is equal to the
characteristic impedance, Z,, of the line all
the power is absorbed in the load. In such a
case there is no reflected power and therefore
no standing waves of current and voltage.
This is a special case that represents the
changeover point between ‘short-circuited”
and ‘““open-circuited” lines. If Z: is less than
Zs, the current is largest at the load and the
reflected component of voltage is out of phase
with the outgoing component at the load. If Z,
is greater than Z,, the voltage is largest at the
load and the reflected component of current is
out of phase with the outgoing component.
Thus, if Z; is less than Z, the current will be
minimum at a point one-quarter wavelength
from the load and at every point an odd num-
ber of quarter wavelengths away, while the
voltage will be maximum at these same points.
The current will be maximum and the voltage
minimum at points that are multiples of one-
half wavelength from the load. If Z; is greater
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Fig. 10-9 — Standing waves on a transmission line ter-
minated in a resistive load.

than Z,, the opposite is true. The two condi-
tions are shown at B and C, respectively, in
Fig. 10-9.

The impedance looking into the line toward
the load will be purely resistive (if Z; is a pure
resistance) when the line length is a multiple
of a quarter wavelength, just as in the open-
and short-circuited cases. The input imped-
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ance is equal to Z; when the linc is an even
multiple of a quarter wavelength long. If Z; is
less than Z, the impedance is maximum when
the line is an odd multiple of a quarter wave-
length long. In such a case the impedance
looking into the line is

Zo?
Zx

where Zs; = Impedance looking into line (line
length an odd multiple of one-
quarter wavelength)
Z:; = Impedance of load (must be pure
resistance)
Z, = Characteristic impedance of line

Zs =

(10-4)

Example: A quarter-wavelength line having a

characteristic impedance of 500 ochms is termi-

~ nated in a resistive load of 75 ohms. The imped-

ance looking into the input or sending end of
the line is

_ Z? (500)2 _ 250,000

Zs = = 3333 ohms
Zr 75 75

When Z, is greater than Z,, the input imped-
ance reaches its minimum value when the line
is an odd multiple of a quarter wavelength long
The value of input impedance in this case also
is given by the equation above.

Example: A quarter-wavelineisterminatedina
resistive load of 1200 ohms. The characteristic

impedance of the line is 600 ohms. Then the
input impedance of the line is

Zy = %L.): = (_QQ.Q_)H =:.3_6M = 300 ohms
Zr 1200 1200

Impedance Transformation

If the formula in the preceding discussion is
rearranged, we have

Zo, = VZ.Z, (10-B)

This means that if we have two values of im-
pedance that we wish to ‘“match,” we can do
so if we connect them together by a quarter-
wave transmission line having a characteristic
impedance equal to the square root of their
product. A quarter-wave line, in other words,
has the characteristics of a transformer. This
is a very useful attribute of transmission lines.

Example: A 600-ohm transmission line is to be
used to feed an antenna that has a resistive im-
pedance of 75 ohms. It is desired that the line
operate without standing waves, and it must
therefore be terminated in a resistive load equal
to its characteristic impedance; i.e., 600 ohms.
A quarter-wave line or ‘“‘linear transformer” is
to be used to match the 75-ohm load to the line
impedance. To do this, the characteristic impe-
dance of the quarter-wave transformer must be

Zy = VZ.Z. = V75 X 600 = V45,000
= 223 ohimns

Reactance of Terminated Lines

We have seen that a short-circuited line less
than one-quarter wavelength long exhibits in-
ductive reactance. Also, a line of any length
terminated in a resistive load equal to its char-
acteristic impedance always looks like a pure
resistance to the source of power. When the

JIJI
load is purely resistive and has any value be-
tween zero and Z,, a line less than a quarter
wave long will show inductive reactance, but
the reactive effects decrease the closer the
value of Z, approaches Z,.

On the other hand, an open-circuited line
less than one-quarter wavelength long exhibits
capacitive reactance, If the line is terminated
in a resistive load larger than Z,, it continues to
show capacitive reactance but the reactive
effects are less the closer Z, approaches Z, in
value. :

In general, then, a line terminated in a re-
sistive impedance less than Z, will show re-
actance variations with length similar to those
of a short-circuited line as given in Fig. 10-6.
A line terminated in a resistive impedance
greater than Z, will show reactance variations _
with length similar to those of an open-cir-
cuited line as given in Fig. 10-8. The magni-
tudes of the reactances will be smaller the
closer Z, approaches Z, in value.

Loads That Are Not Pure Resistance

In most amateur applications of transmis-
sion lines the load is or should be — a pure
resistance. At least, every attempt is made to
make it so. However, there are cases where
the load has reactance as well as resistance,
and recognizing the symptoms of reactance in
the load is of value in indicating what steps
should be taken to convert the load to a pure
resistance.

The situation is easier to visualize if a line
terminated in a pure reactance is considered
first. For example, suppose the line is termi-
nated in a capacitive reactance as shown in
Fig. 10-10A. It does not matter to the line
what physical form the reactance takes; the
important thing is that in it the current leads
the voltage. The reactance might be a con-
denser, for example — or it might simply be
an additional section of transmission line that
exhibits capacitive reactance at its input end,
as indicated in Fig. 10-10B.

From Fig. 10-8, we can see that a section
of open-circuited transmission line less than
one-quarter wavelength long will have capaci-
tive reactance. By proper choice of line length,
any desired value of reactance can be obtained.
Conversely, any “lumped” reactance, such as
a condenser, connected to the end of the trans-
mission line can be replaced by a section of
open-circuited line of appropriate length. If
the condenser eapacitance is small and its re-
actance therefore is high, only a short length
of line is required. If the condenser capacitance
is large and its reactance consequently is low,
the additional line section must be nearly a
quarter wavelength long. In other words, con-
necting a condenser across the end of the
transmission line is equivalent to lengthening
the line, electrically. The amount of effective
lengthening depends on the capacitance of
the condenser.
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Once the equivalent lengthening is deter-
mined, we can simply look upon the line as
one having the new length and apply all that
has been said previously. In the case just con-
sidered, this would mean that the point of
maximum current, instead of appearing ex-
actly a quarter wavelength from the end of
the open-circuited line, would appear at some-
thing less than a quarter wavelength from the
end. This is shown in Fig. 10-10C. The larger
the capacitance of the terminating condenser
the closer the current loop comes to the physi-
cal end of the line. All the other loops and
nodes of both current and voltage would be
changed accordingly.
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Fig. 10-10 — Lines terminated in reactance. A reactive
load is equivalent to a change in the length of the line.

If the line is terminated in an inductance,
we can substitute a short-circuited section of
line less than one-quarter wavelength long for
the lumped inductance. Thus, terminating a
line in an inductance is equivalent to extending
its length by something less than one-quarter
wavelength and short-circuiting it. This is
shown at D, E and F in Fig. 10-10. The larger
the inductance, the greater the length of line,
up to one-quarter wavelength, that must be
added to obtain the electrical equivalent. When
the equivalent section of line is substituted for
the inductance, all that has been said about
shorted lines applies, based on the new equiva-
lent length.

When the load has both resistance and re-
actance the apparent length of the line is again
increased. However, the amount of the ap-
parent increase is affected by the resistance

- component of the load together with the reac-
tive component. Inductive reactance will cause
the first voltage maximum to appear less than
one-quarter wavelength from the load, just as
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in Fig. 10-10F. Capacitive reactance will cause
the first current maximum to appear less than
one-quarter wavelength from the load, as in
Fig. 10-10C. If the positions of either the volt-
age or current loops can be determined, it is
always possible to tell whether the reactive
component of the load is inductive or capaci-
tive. When the load has both resistance and
reactance, the voltage and current nodes do not
reach zero because not all the outgoing power
is reflected. The actual standing waves would
be more like those shown in 10-9, but with the
positions of the nodes and loops shifted as
indicated in Fig. 10-10.

Standing-Wave Ratio

The ratio of maximum current to minimum
current along a line, as indicated in Fig. 10-11,
is called the standing-wave ratio. It is a meas-
ure of the mismatch between the load and the
line, and is equal to 1 when the line is per-
fectly matched. (In that case the “maximum”
and “minimum” current are the same, since
the current does not vary along the line.) When
the line is terminated in a purely-resistive
load, the standing-wave ratio is

Z: Zy
S.W.R. = 7. or 7.
Where S.W.R.=Standing-wave_ratio

Z.=Impedance of load (must be
pure resistance)

Zo,=Characteristic impedance of
line

(10-C)

Example: A line having a characteristic im-
pedance of 300 ohms is terminated in a resis-
tive load of 25 ohms. The s.w.r. is

It is customary to put the larger of the two
quantities, Z: or Z,, in the numerator of the
fraction so that the s.w.r. will be expressed by
a number larger than 1.

It is easier to measure the standing-wave
ratio than some of the other quantities (such
as the impedance of an antenna) that enter into
transmission-line computations. Consequently,
the s.w.r. is a convenient basis for work with
lines. The higher the s.w.r., the greater the mis-
matech between line and load. Also, the higher
the s.w.r. the more marked are the reactive
effects when the line length is not an exact
multiple of a quarter-wavelength. In practical
lines, the loss in the line itself increases with
the s.w.r.

Resonant and Nonresonant Lines

A transmission line terminated in a resistive
load equal to its characteristic impedance is
commonly called a flat, nonresonant or un-
tuned line. The line is “flat’’ because there are
no standing waves, hence a graph of the cur-
rent along the line is a straight line. It is “non-
resonant” because the input impedance of
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such a line is pure resistance and does not
change when the line length is changed.

When there are standing waves the line is
said to be resonant or tuned. In this case the
input impedance depends critically on the
length of the line and the characteristies of the
load. The input impedance is a pure resistance
only when the line length is such that a current
or voltage loop appears at the input end. The
previous discussion has shown that the posi-
tions of these loops depends upon the charac-
teristics of the load. At all other lengths the
input impedance consists of both reactance and
resistance. Under these conditions the line
acts something like a circuit that is not tuned
to resonance; it is difficult to make it “‘take
power’’ until something is done to “tune’ it —
that is, to eliminate the reactance. When this
is done the input impedance of the line is
purely resistive and its resistance may be
matched to the transmitter for optimum
power transfer.

It should be noted that if there are standing
waves on the line the input impedance, even
when the reactance is tuned out, is never equal
to the characteristic impedance of the line.
Depending on the length of the line, the char-
acteristics of the load, and the s.w.r., the input
resistance may be considerably higher or con-
siderably lower than the line’s characteristic
impedance. This introduces an element of un-
certainty in coupling to the transmitter. In one
special case, when the load is a pure resistance
and the line is exactly one-half wavelength
long, the input impedance of the line is a pure
resistance equal to the load impedance.

The reactive or resonance effects increase
with the s.w.r., as previously pointed out.
Generally speaking, a line is satisfactorily
flat if the s.w.r. does not exceed about 1.5 to
1, but if the s.w.r. is much larger it becomes
necessary to tune out the input reactance.

Radiation

Whenever a wire carries alternating current
the electromagnetic fields travel away into
space with the velocity of light. At power-line
frequencies the field that ‘“grows” when the
current is increasing has plenty of time to re-
turn or ‘“‘collapse’” about the conductor when
the current is decreasing, because the alterna-
tions are so slow. But at radio frequencies
fields that travel only a relatively short dis-
tance do not have time to get back to the con-
ductor before the next cycle commences. The
consequence is that some of the electromagnetic
energy is prevented from being restored to the
conductor; in other words, energy is radiated
into space in the form of electromagnetic waves.

The amount of energy radiated depends,
among other things, on the length of the con-
ductor in relation to the frequency or wave-
length of the r.f. current. If the conductor is
very short compared to the wavelength the
energy radiated will be small. However, a
transmission line used to feed power to an
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antenna is not short in this sense; in fact, it is
almost always an appreciable fraction of a
wavelength long and may have a length of
several wavelengths.

The lines previously considered have con-
sisted of two parallel conductors of the same
diameter. Provided there is nothing in the sys-
tem to destroy symmetry, at every point
along the line the current in one conductor has
the same intensity as the current in the other
conductor at that point, but the currents flow
in opposite directions. This was shown in Figs.
10-5C and 10-7C. This means that the fields
set up about the two wires have the same in-
tensity, but oppoesite directions. The conse-
gquence is that the total field set up about such
a transmission line is zero; the two fields “‘can-
cel out.” Hence no energy is radiated.

Actually, the fields do not completely cancel
out because for them to do so the two con-
ductors would have to occupy the same space,
whereas they are slightly separated. However,
the cancellation is substantially complete if the
distance between the conductors is very small
compared to the wavelength. Radiation will
be negligible if the distance between the con-
ductors is 0.01 wavelength or less, provided
the currents in the two actually are balanced
as described.

The amount of radiation also is proportional
to the current flowing in the line. Because of
the way in which the current varies along the
line when there are standing waves, the ef-
fective current, for purposes of radiation,
becomes greater as the s.w.r. is increased. For
this reason the radiation is least when the line
is flat. However, if the conductor spacing is
small and the currents are balanced, the radia-
tion from a line with even a high s.w.r. is in-
consequential. A small unbalance in the line
currents is far more serious.

There is no factual basis for the common be-
lief that the presence of standing waves on a
transmission line always means that the line is
radiating a great deal of r.f. energy. Tuned lines
are perhaps more subject to the stray coupling
effects described later in this chapter, simply
because they are frequently cut to resonant
lengths while any random length can be used
for a flat line. It is the stray coupling that gives
rise to excessive line radiation, not the presence
of the normal type of standing wave on the
transmission line,
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Fig. 10-11 — Measurement of standing-wave ratio. In
this drawing, Jmax is 1.5 and Juin is 0.5, so the s.w.r.

= Imax/Imin = 1.5/0.5 = 3.
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CHAPTER 10

Practical Line Characteristics

The foregoing discussion of transmission
lines has been based on a line consisting of two
parallel conductors. Actually, the parallel-
conductor line is but one of two general types.
The other is the coaxial or concentric line. The
coaxial line consists of a round conductor
placed in the center of a circular tube. The

"inside surface of the tube and the outside sur-
face of the smaller inner conductor form the
two conducting surfaces of the line.

In the coaxial line the fields are entirely
inside the tube, because the tube acts as a
shield to prevent them from appearing outside.
This reduces radiation to the vanishing point.
So far as the electrical behavior of coaxial
lines is concerned, all that has previously been

No.r2or /4
/

Fig. 10-12 — Typical construction of open-wire line.
The line conductor fits in a groove in the end of the
spacer, and is held in place by a tie-wire anchored in a
hole near the groove.

said about the operation of parallel-conductor
lines applies. There are, however, practical
differences in their construction and use.

Types of Construction

There are several constructional variations
in both the basic types of transmission lines
mentioned in the preceding section. Probably
the most common type of transmission line
used in amateur installations is a parallel-
conductor line in which two wires (ordinarily
No. 12 or No. 14) are supported a fixed dis-
tance apart by means of insulating rods called
‘“spacers.” The spacings used vary from two
to six inches, the smaller spacings being neces-
sary at frequencies of the order of 28 Mec. and
higher so that radiation will be minimized.
The construction is shown in Fig. 10-12. Such
a line is said to be air-insulated. Typical
spacers are shown in Fig. 10-13. The charac-
teristic impedance of such “open-wire” lines
runs between about 400 and 600 ohms, de-
pending on the wire size and spacing.

Parallel-conductor lines also are sometimes
constructed of metal tubing of a diameter of
% to 14 inch. This reduces the characteristic
impedance of the line. Such lines are mostly
used as quarter-wave transformers, when dif-
ferent values of impedance are to be matched.

Two forms of *“Twin-Lead” or “ribbon”
transmission line are shown in Fig. 10-13. This
is a parallel-conductor line with stranded con-
ductors imbedded in low-loss insulating mate-
rial (polyethylene). It has the advantages of
light weight, compactness and neat appear-
ance, together with close and uniform spacing.
However, losses are higher in the solid dielec-
tric than in air, and dirt or moisture on the
line tends to change the characteristic im-
pedance. Twin-Lead line is available in char-
acteristic impedances of 75, 150 and 300 ohms.

The most common form of coaxial line con-
sists of either a solid or stranded-wire inner
conductor surrounded by polyethylene dielec-
tric. Copper braid is woven over the dielectric
to form the outer conductor, and a waterproof
vinyl covering is placed on top of the braid.
This cable is made in a number of different
diameters. It is moderately flexible, and so is
convenient to install. Some different types are
shawn in Fig. 10-13. This solid coaxial cable is
commonly available in impedances approxi-
mating 50 and 70 ohms.

Air-insulated coaxial lines have lower losses
than the solid-dielectric type, but are less used
in amateur work because they are expensive
and difficult to install as compared with the
flexible cable. The common type of air-in-
sulated coaxial line uses a solid-wire conductor
inside a copper tube, with the wire held in the
center of the tube by means of insulating
“beads” at regular intervals.

Characteristic Impedance

The characteristic impedance of an air-
insulated parallel-conductor line is given by:

Zo= 276_‘10g£ (10-D)
where Z, = Characteristic impedance
b = Center-to-center distance between
conductors
a = Radius of conductor (in same units
as b)

;\}?\e

Fig. 10-13 — Typical manufactured transmission lines
and spacers.
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It does not matter what units are used for a
and byso long as they are the same units. Both
quantities may be measured in centimeters,
inches, etc. Since it is necessary to have a table
of common logarithms to solve practical prob-
lems, the solution is given in graphical form
in Fig, 10-14 for a number of common con=
ductor sizes.

The characteristic impedance of an air-
insulated coaxial line is given by the formula

Z, =138 logg (10-E)

where Z, = Characteristic impedance
b = Inside diameter of outer conductor
a = Qutside diameter of inner con-
ductor (in same units as b)

Again it does not matter what units are used
for b and a, so long as they are the same,
Curves for typical conductor sizes are given in
Fig. 10-15.

The formula for coaxial lines is approxi-
mately correct for lines in which bead spacers
are used, provided the beads are not too
closely spaced. When the line is filled with a
solid dielectrie, the characteristic impedance
as given by the chart should be multiplied by

1/VK, where K is the dielectric constant of
the material. In solid-dielectric parallel-
conductor lines such as Twin-Lead the charac-
teristic impedance cannot be calculated readily,
because part of the electric field is in air as
well as in the solid dielectric.

Electrical Len gth

In the discussion of line operation earlier in
this chapter it was assumed that currents
traveled along the conductors at the speed of
light. Actually, the velocity is somewhat less,
the reason being that electromagnetic fields
travel more slowly in dielectric materials than
they do in free space. In air the velocity is
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practically the same as in empty space, but a
practical line always has to be supported in
some fashion by solid insulating materials.
The result is that the fields are slowed down;
the currents travel a shorter distance in the
time of one cycle than they do in space, and
so the wavelength along the line is less than
the wavelength would be in free space at the
same frequency. (Wavelength is equal to
velocity divided by frequency.)

Whenever reference is made to a line as being
so many wavelengths (such as a ‘“half-wave-
length’ or “quarter wavelength’) long, it is to
be understood that the elecirical length of the
line is meant. Its actual physical length as
measured by a tape always will be somewhat
less. The physical length corresponding to an
electrical wavelength is given by

Length in feet = 2

vV  (10-F)
where f = Frequency in megacycles

V = Velocity factor
The velocity factor is the ratio of the actual
velocity along the line to the velocity in free
space. Values of V for several common types
of lines are given in Table 10-I.

Example: A 75-foot length of 300-ohm Twin-

Lead is used to carry power to an antenna at g

frequency of 7150 ke. From Table 10-1, V is 0.82.
At this frequency (7.15 Me.) a wavelength ig
984 984
Lengih (feet) = — -V = — i
7 715 ¥ 0.82

= 137.6 X 0.82 = 112.8 ft.
The line length is therefore 75/112.8 = 0.665
wavelength,

Because a quarter-wavelength line is fre-
quently used as a linear transformer, it is con-
venient to calculate the length of a quarter-
wave line directly. The formula is

246

Length (feet) = —}— Vv (10-G)

where the symbols have the same meaning é,s

above.
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Losses in Transmission Lines

There are three ways by which power may
be lost in a transmission line: by radiation, by
heating of the conductors (/%R loss), and by
heating of the dielectrie, if any. Loss by radia-
tion will occur if the line is unbalanced and,
particularly with open-wire lines, may greatly
exceed the heat losses. It can be reduced to a
minimum by properly terminating the line in a
balanced load and by symmetrical, uniform
construction.

Heat losses in both the conduétor and the
dielectric increase with frequency. Conductor
losses also are greater the lower the charac-
teristic impedance of the line, because a
higher current flows in a low-impedance line
for a given power input. The converse is true
of dielectric losses because these increase with
the voltage, which is greater on high-impedance
lines. The dielectric loss in air-insulated lines is
negligible (the only loss is in the insulating
spacers) and such lines operate at high effi-
ciency when radiation losses are low. In solid-
dielectric lines most of the loss is in the dielec-
tric, the conductor losses being small.

It is convenient to express the loss in a trans-
mission line in decibels per unit length, since
the loss in db. is directly proportional to the
line length. Losses in various types of lines
operated without standing waves (that is,
terminated in a resistive load equal to the char-
acteristic impedance of the line) are given in
Table 10-1. In these figures the radiation loss is
assumed to be negligible.

When there are standing waves on the line
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the power loss increases as shown in Fig. 10-16.
Whether or not the increase in loss is serious
depends on what the original loss in watts
would have been if the line were perfectly
matched. If the line loss with perfect matching
is very low, a large standing-wave ratio will
not greatly affect the efficiency of the line —
that is, the ratio of the power delivered to the
load to the power put into the line.

Example: A 150-foot length of RG-11/U cable
is operating at 7 Mec. with a 5-to-1 s.w.r. If per-
fectly matched, the loss from Table 10-I would
be 1.5 X 0.41 = 0.615 db. Under these condi-
tions the power delivered to the load would be
86.8%, of the power input to the line. If the
power input is 100 watts, the line loss is 100 —
86.8 = 13.2 watts. From Fig. 10-16, the loss is
increased by a factor of 2.6 when the s.w.r. is
5 to 1, so the loss at this s.w.r. is 2.6 X 13.2
34.3 watts. Under these conditions the power de-
livered to the load is 100 — 34.3 = 65.7 watts.
Therefore, 65.7/86.8 = 0.757, or approximately
76% as much power is delivered to the load with
an s.w.r. of 5 as compared with perfect matching.
The standing waves therefore cause the output
power to be reduced by 1.2 db, (See discussion of
the decibel in Chapter Twenty-Four.) With an
open-wire line the loss caused by such an s.w.r.
would be negligible, provided the line is well bal-
anced to prevent radiation.

An appreciable s.w.r. on a solid-dielectric
line may result in excessive loss of power at
the higher frequencies. Such lines, whether of
the parallel-conductor or coaxial type, should
be operated as nearly flat as possible, particu-
larly when the line length is more than 50 feet
or so. As shown by Fig. 10-16, the increase in
line loss is not too serious so long as the s.w.r.
is below 2 to 1, but increases rapidly when the

s.w.r. rises above 2.5 or 3 to 1. Tuned

e —T T tr_a,nsmlssmr_l lines such as are used
- e e o 2 with multiband antennas always
ransmission-Line elo a T - - . .
SRp-SRCLOmR S enuation should be air-insulated, in the inter-
- ests of highest efficiency. '
I;'cf.ocity d*’* ;llt(t)eon}éatzg}z, C;(gi?' . y
. actor b .~ Me. "
Type of Line v wer Joot Unbalance in Parallel-Conductor
36| 7 14| e8| 60| 144 | mefd. :
: Lines
Openewize, 400t0 | o g75+| 0.03] 0.05| 0.07] 0.1 | 0.13] 0.25 When installing parallel-conductor
lines care should ke i
Parallel-tubing 0.05% | bk . & “ -0 -be faren to aYOId
introducing electrical unbalance into
Coaxial, air-insulated | 0.85*% | 0.2 | 0.28| 0.42] 0.55/ 0.7 | 1.4 the system. If for some reason the cur-
RG-8/U (58 chms) | 0.66 | 0.28] 0.42| 0.64| 10| 1.4 2.6 205 }'enthin O}Tlle conc_ltfm';lor is higher than
in the other, or if the currents in the
_B |4 9 .
RG-58/U (53 ohms) | 0.66 |0.53/ 0.8 | 1.211.9)2.7 5. 28.5 two wires are not exactly out of phase
RG-11/U (75 0hms) | 0.66 | 0.27| 0.41] 0.61] 0.92] 1.3 | 2.4 | 20.5 with each other, the electromagnetic
Twin-Lead, 300 ohms | 0.82 | 0.18/ 0.3 | 0.5 | 0.84/ 1.3 |2.8| 5.8 ﬁelds(;vﬂlbriot cancel completely and a
considerable amount of power may
in-L 5 8 y ; . . : L s
Twin-Lead, 150 ohins | 0.77 0.2 (0.35{06]|1.0 i 3.5 10 be radiated by the line.

Twin-Lead, 75 ohms | 0.68 | 0.37| 0.64| 1.1 [ 1.9 | 3.0 | 6.8 | 19 Maintaining good line balance re-
Teanswitting Twin- | o 71 | 0 a0 0.40| 0.52 1.4 | 2.1 | 4.8 _quires, first of :?Jll, a balanced load at
Lead, 75 ohms : it I #9a), ek || e : its end. For this recason the antenna
Rubber-insulated 0.56 shou_ld be fed, whenever possible, at
twisted-pair or to ]0.96[1.6 |25]|4.2]|6.2/|13 a point where each conductor “sces”’
coaxial *¥*** 0.65 ca,C i ]

; 24 : s . exactly the same thing. Usually this

. * Average figures for air-ingulated lines taking into account effect of insulat-
ing spacers. means that the antenna system should

Por lines terminated in characteristic impedance. 1 ) 1 e A

¥** Losses between open-wire line and air-insulated coaxial cable. Actual loss bg ied. at it8 elecinieal conter, Hyen
W”i?b ;QO'-h Openj‘ivlllre ang.p]aralf]el-tubing lines is higher than listed because of t OU-gh the antenna appears to be
radration, especlally at higher frequencies. atrd i i =
***¥* Approximate figures for good-quality rubber insulation. Sylnnlt.t ial, p}.lysmal!y, ST 1B
balanced clectrically if the part con-
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nected to omne of the line conductors is
inadvertently eoupled to something (such as
house wiring or a metal pole or roof) that is
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not duplicated on the other part of the an-
tenna. Every effort should be made to keep
the antenna as far as possible from other
wiring or sizeable metallic objects. The trans-
mission line itself will cause some unbalance if
it is not brought away from the antenna at
right angles to it for a distance of at least a
quarter wavelength,

In installing the line conductors take care
to see that they are kept away from metal.
The minimum separation between either con-
ductor and all other wiring should be at least
four or five times the conductor spacing. The
shunt capacitance introduced by close proxim-
ity to metallic objects can drain off enough
current (to ground) to unbalance the line cur-
rents, resulting in increased radiation. A shunt
capacitance of this sort also constitutes a
reactive load on the line, causing an imped-
ance ‘“bump’ that will prevent making the
line actually flat.

Coupling the Transmitter to the Line

In very general terms, the problem of cou-
pling the transmission line and transmitter
together is one of transforming the input im-
pedance of the line into a value of impedance
that will “load’ the transmitter properly —
that is, cause it to deliver the desired power
outputsat as high efficiency as the transmitter
design will permit. This is a question of imped-
ance matching, and the impedance that
must be matched is the value of resistance into
which the tubes in the final stage of the trans-
mitter should work. The value of this resist-
ance is determined by the choice of tube
operating conditions. The tubes are working
into the proper resistance when the final tank
cireuit is tuned to resonance and the loading is
such that the tubes are drawing rated plate
current, as described in Chapter Six. The
proper value of load resistance is thus
reached automatically when the cou-
pling is adjusted to bring the plate cur-
rent up to the normal operating value. It
is therefore not at all necessary to know
what value of resistance is required. It
is sufficient to note that, in general, it is

Transforming Impedances

It was explained in Chapter Two that a re-
sistive load tapped across part of a tuned cir-
cuit is equivalent to a higher value of resistance
connected in parallel with the whole circuit.
In other words, there is a transformer action
in such an arrangement that enables us to
change the value of a given resistance, such as
R in Fig. 10-174, into a new and higher value
when the source of power looks into the termi-
nals AB. Given reasonable values for L and C,
the resistance looking into AB is determined
practically wholly by the value of R and the
position of the tap, so long as LC is tuned to
resonance with the applied frequency. This is
because the resonant impedance of LC alone

in the necighborhood of a few thousand
ohms, and is higher the higher the plate-
voltage/plate-current ratio of the final
stage.

The input impedance of the line can
assume a wide range of values. As de-
seribed earlier, it may be very much
higher or very much lower than the ,
impedance of the load at the end of the
line, unless the line is matched to the
load. Furthermore, it may or may not

(with R disconnected) is usually very high
A
Ca
L
Cs
R
Bo
| (B)
L C,
2o g A L 3R
Cs
] Bo

- . B o—
be a pure resistance, depending on the

s.w.r., the line length, and the charac-
teristies of the load.

© @

Fig. 10-17 — Using a resonant circuit for matching impedances.
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compared with the resistance, R, of any prac-
tical load likely to be used, and also compared
with any resistance that might be required
between the terminals A B.

Fig. 10-17B shows a circuit that also pro-
vides a method for impedance transformation,
using a capacitance voltage divider instcad of
tapping on the inductance. In this case, de-
creasing the capacitance of () (while increas-

Il
2

®)

Cc

| i
®)- %R = .TC’ R’

Fig. 10-18 — Series and parallel equivalents of a line
whose input impedance has both reactive and resistive
components.

ing the capacitance of C. correspondingly to
maintain resonance) has the same effect as
moving the tap toward the top of the coil in
TFig. 10-17A. This type of circuit gives very
smooth control. However, variable condensers
of impracticable size would be necessary, to
give as wide a range of impedance transforma-
tion as the circuit at A.

When an r.f. amplifier is coupled to a trans-
mission line the line impedance very seldom is
larger than the load impedance required by the
amplifier. However, should such a case arisc
the same circuits can be used by reversing the
terminals. This is shown at C and D in Fig.
10-17. With R connected across the whole cir-
cuit, its resistance can be transformed ,
to a lower value when the input ter-
minals are tapped across part of the
coil, as at A, or across €, in Fig. 10-17B.
The nearer the tap is to the bottom end
of the coil, or the larger the capacitance
of €}, compared with C,, the smaller the
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reactance in parallel with a resistance. It does
not matter which we choose, so long as the
values assigned to the resistance and reactance
are such that if the voltage were applied to the
circuit instead of to the line, the current that
flows would have exactly the same amplitude
and phase angle as it actually does at the input
terminals of the line.

These equivalent circuits are shown in Fig.
10-18. In practical work with lines it is not
necessary to know the values of B, L or C. It is
sufficient to know that they symbolize a condi-
tion that exists at the input end of the line —
and then to know what to do about them. A
few general points are worth noting: Given a
fixed value of voltage, if the current at the
input end of the line is high, then the imped-
ance is relatively low; if the current is low, the
impedance is relatively high. If the current is
very nearly in phase with the voltage the react-
ance in the series equivalent _'circuit is small,
but the reactance in the parallel equivalent
circuit is large. On the other hand, if there is a
considerable phase difference between current
and voltage the reactance is large in the equiv-
alent series circuit and is low in the equivalent
parallel circuit. (In visualizing these reactances
as coils and condensers it must be remem-
bered that “large” and “small”’ are relative
terms; for example, a “large” inductance at
28 Mec. would be a “small” inductance at 3.5
Me. Also, the larger the capacitance of a con-
denser the smaller its reactance.)

Now suppose that a reactive line is to be
connected to our impedance-transforming res-
onant circuit. Let us choose the parallel equiv-
alent circuit, since it is somewhat easier to
picture what happens. Fig. 10-19A shows a
load with inductive reactance tapped across
part of the resonant circuit (corresponding to
Fig. 10-17A), and a load with capacitive react-
ance is shown in Fig. 10-19B. Imagine for the
moment that the load has only reactance; the
resistive component, R, is disconnected. Then,
just as in the pure-resistance case previously

A

2R

YWWWy
s

resistance between terminals AB. go

Complex Loads

In the foregoing it was assumed that
the load, R, was a pure resistance.
However, the input impedance of a line
is more likely than not to have a reactive as
well as a resistive component. This means,
basically, that the current flowing into the line
is not in phase with the voltage applied to the
line. To represent such a condition by circuit
symbols we can assume the input impedance of
the line to consist either of a reactance (coil or
condenser) in series with a resistance, or a

B O

Q)

Fig. 10-19 — Circuit equivalent of a reactive line connected to
a resonant circuit for impedance matching.

discussed, a small reactance tapped across the
coil L will appear as a larger reactance across
the whole circuit, or between the input termi-
nals AB. Thus, connecting a coil, L;, across
part of L is equivalent to connecting a larger
coil across the whole circuit. Connecting a
condenser, Cy, across part of L is equivalent to
connecting a smaller condenser (larger react-
ance) across the whole circuit.
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ance and resistance in series, or by
reactance and resistance in parallel.
The circuits are shown in Fig. 10-20.
R’ In A, a condenser, (1, is used to cancel
out the inductive reactance of the line,
and in B an induectance, Ly, is used to

cancel capacitive reactance. The same
value of capacitance cannot be used
for €'y and €4’ under a given set of
conditions because, as explained ear-
lier, L and L’ do not have the same

®

3

7 C'
L? % %R’

values. For example, if L is small its
parallel equivalent, Z’, is large, so a
large capacitance would be required
at Cy and a small capacitance at Cy’.
Because of limitations in practicable

Fig. 10-20 — Methods for canceling the reactive component of the
input impedance of a transmission line. In A the line input im-
pedance is represented by L and R in series, or by L’ and R’ in
and R’ in

parallel, and in B by C and R in series, or by (’
parallel.

In either case this equivalent shunting react-
ance detunes the LC circuit from resonance,
and C must be readjusted to bring it back. In
the case of Fig. 10-19A, the capacitance of C
must be increased because the “reflected”
reactance in parallel with L decreases the total
inductance (inductances in parallel) and so
tunes the circuit to a higher frequency. The
opposite is the case in Fig. 10-19B; the shunt-
ing reactance is capacitive and increases the
total capacitance. Consequently the capaci-
tance of C must be decreased to bring the cir-
cuit back to resonance.

The over-all effect, then, of coupling a react-
ive load to the circuit is to cause detuning as
well as to cause the desired resistance loading.
If the reflected reactance is large, correspond-
ing to connecting a very large coil or a very
small condenser across the whole LC circuit,
it is readily possible to retune the ecircuit to
resonance by adjusting C. The nearer the tap
to the top end of L, the greater the change
required in the tuning. But this simple method
of compensating for the reactive component of
the load is not always sufficient. In some cases
the tap has to be moved so far up the coil, in
order to obtain the right value of resistance
loading, that the tuning condenser, C, no
longer has sufficient range to compensate for
the reflected reactance. When such a condi-
tion exists it is difficult, and sometimes im-
possible, to couple the desired amount of
power to the transmission line.

Canceling Line Reactance

The remedy for this condition is to make the
input end of the line look like a pure resistance
before it is tapped on the impedance-transform-
ing circuit. This can be done by ‘“tuning out™
the reactance of the line, by inserting a react-
ance of the same value but of the opposite
kind. Again we have our choice between con-
sidering the line to be represented by react-

components (particularly in the ca-
pacitance range of variable con-
densers), there are conditions where
the series circuit is the easiest to set
up, from a practical standpoint. In
others, the parallel circuit is easier
to get working. For the large majority of cases
either circuit will work equally well; from the
standpoint of convenience, the parallel ecircuit
is probably better.

To summarize, then, we have three general
cases as shown in Fig. 10-21. If the line is
purely resistive, or so nearly so that such react-
ance as is reflected across the LC circuit can be
tuned out by readjusting C, the circuit at A
may be used. Where the line shows more pro-
nounced reactive effects, the line reactance
can be tuned out, as indicated at B and C, so
that the load tapped on L is purely resistive.
It is easy to tell which should be used, induct-
ance or capacitance, to compensate for the
line reactance. If the line only (Fig. 10-21A)
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FIig. 10-2]1 — Methods of canceling line input reactance
combined with impedance transformation.
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is tapped across a very small portion of L, C
will have to be readjusted slightly to bring
the LC circuit back to resonance. If the capaci-
tance of C has to be increased, a condenser,
(1, should be connected across the input termi-
nals of the line. If the capacitance of C has to
be decreased, an inductance, Lj, should be
connected across the line. In either case the
compensating reactance, Ci or Li, should be
adjusted in value until the setting of C, for
resonance with the applied frequency, is the
same whether or not the line is tapped on L.
When this condition is reached the loading
may be adjusted by changing the tap position
until the amplifier takes the desired plate
current,

. PRACTICAL COUPLING SYSTEMS

In practical work the two primary functions
that a coupling system must perform — tuning
out the line rcactance, if any, and providing a
method for control of loading on the trans-
mitter — are not always enough. For one
thing, it is desirable that the coupling system
be such that the transmission line will operate
only in the way it is intended that it should.
For another, the coupling system should pre-
vent transfer of any of the harmonic energy
that always is present in the output of a trans-
mitting amplifier. Both these points will be
considered later in this section. For the mo-
ment, let us take a look at some of the simpler
coupling systems.

L

Fig. 10-22 — Simple methods of coupling to a transmission line. The blocking
condensers, Ci, should be 0.001-ufd. (or larger) mica condensers having a
voltage rating in excess of the maximum d.c. voltage applied to the final
amplifier (including the voltage applicd on modulation
coaxial line can be coupled to a balanced tank circuit by connecting the
grounded shield to the center of the coil (through a blocking condenser) and
tapping the inner conductor on one side of the center. The parallel-conductor

line requires a balanced tank circuit.

The possibility of tapping the input end of
the transmission line directly on the final-
amplifier tank suggests itself from the discus-
sion earlier. This method will work when the
input impedance of the line is purely resistive,
or nearly so. It can therefore be used with
nonresonant or untuned lines, or with a reso-
nant line when the line has the right length.
As explained earlier, the input impedance of
the line will be resistive when its length is a
multiple of a quarter wavelength, provided
the load at the output end of the line is a pure
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resistance. This will be so if the antenna itself
is resonant, but will not be true if the antenna
length is not correct for the operating fre-
quency. The circuits are shown in Tig. 10-22.
If the final amplifier is series-fed so that the
tank circuit is “hot’”’ with the plate voltage,
it is necessary to connect a blocking condenser
between the tank and the line. These circuits,
although simple, are not recommended except
perhaps in emergencies; there is little or no
discrimination against harmoniec frequencies.

Adjustment of this type of coupling is
simple. TFirst, resonate the amplifier tank cir-
cuit, with the line disconnected, by setting the
tank condenser, C, to the minimum plate cur-
rent point, Then tap the line across a turn or
two of the tank coil, and readjust C for mini-
mum plate current. The new minimum will be
higher than with no load on the tank. Con-
tinue increasing the number of turns between
the line taps, readjusting C' ecach time, until
the minimum plate current is the desired full-
load wvalue.

R.F. Ammeters

The r.f. ammeters shown in Fig. 10-22 and
subsequent coupling circuits are useful acces-
sories. The input impedance of the line is un-
affected by any adjustments made in the cou-
pling system (except for the effects of stray
capacitance, as discussed later) so the greater
the current flowing into the line the larger the
amount of power delivered to the load. Meas-
urement of r.f. current thus gives a check on

the adjustment procedure

Balanced and indicates when the larg-
tan : <

/ est power output is being ob-

tained. Obviously, an adjust-
ment that increases the in-
put to the final stage of the
transmitter without causing
the line current to increase
has simply increased the
losses without increasing the
output.

In the case of parallel-
conductor lines two amme-
ters are shown, one in cach
conductor. This gives a
cheek on line balance, since
the two currents should be
the same. It is not actually
necessary to use two instru-
ments; one ammeter can be
switched from one side of the line to the other
for comparative measurements. Also, it is to be
understood that any current-indicating device
(such as a flashlight lamp) that will work at r.f.
may be used as a substitute for an actual
ammeter.

The scale range required depends on the
input impedance of the line and the power.
The current to be expected can readily be cal-
culated from Ohm’s Law when the line is flat.
In other cases the s.w.r. and the length of the
line must be considered. The maximum current

Parallel-
cond. line

up-peaks). The
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will oceur when there is a current loop at the
input end of the line, and if the load imped-

ance and line impedance are known the input

impedance at a current loop can be calculated
from the formulas given earlier.

The ammeters are less useful when the input
impedance of the line is high, because in that
case the input current is quite small. It is to be
noted that the value of current does not indi-
cate, in any absolute sense, how well the sys-
tem as a whole is working unless the actual
value of the resistance component of the line
input impedance is known. Current measure-
ments taken on different lines, or on the same
line if its length in wavelengths is changed, are
not directly comparable.

Inductive Coupling

The circuits shown in Fig. 10-23, like those
in Fig. 10-22, are useful only with lines having
purely-resistive input impedance. The pick-up
coil, which is inductively-coupled to the tank
coil, isin fact simply a substitute for the tapped
portion of the tank coil in Fig. 10-22. The
number of turns required in the pick-up coil
depends upon the resistance represented by the
input end of the line. For flat lines, the num-
ber is governed by the characteristic impedance
of the line. For 50- or 70-ohm lines it may
range from one or two turns, at frequencies of
the order of 14 to 28 Mec., to several turns at
3.5 Mec. For higher-impedance lines it may take
half as many turns as there are in the tank coil,
to get adequate coupling. In both cases the
coupling between the coils will have to be
very tight. The link windings provided on
commercial coils are not usually adequate for
this type of coupling except for low-impedance
lines at the higher frequencies. When the
number of turns on the pick-up coil is fixed,
the loading on the final amplifier can be varied
by varying the coupling between the two coils.
Inductive coupling of this type is somewhat
better than direct coupling from the stand-
point of harmonic transfer,

Pick-up coil coupling introduces some re-
actance into the tank circuit, because of the
leakage reactance of the coupling coil. This
must be compensated for by retuning the final
tank circuit when the desired degree of cou-
pling is reached. If very much retuning is re-
quired, or if the amplifier loads with loose
coupling between the two coils, it 1s an excel-
lent indication that the line is not actually flat.

When a “swinging-link’ assembly is used
to obtain this type of coupling, the loading on
the final amplifier can be adjusted to the de-
sired value by varying the coupling between
the two coils. The tank condenser, C, should be
readjusted to minimum plate current each
time the coupling is changed, If the desired
loading cannot be obtained there is no alter-
native but to use a different coupling system.

The pick-up coil may be wound directly
over the final tank coil, in which case the cor-
rect number of turns may be determined by
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Fig. 10-23 ——_Using an untuned pick-up ecoil to couple
to a transmission line. The method of adjustment is
discussed in the text.

trial. The insulation between the coils must be
adequate for the plate voltage used, if the
amplifier is series-fed.

Series and Parallel Tuning

The circuits shown in Fig. 10-24 are useful
with parallel-conductor lines operating at a
relatively-high standing-wave ratio, partic-
ularly when the line length is such as to make
the input impedance substantially a pure re-
sistance. Assuming that the antenna is res-
onant, the optimum line lengths will be mul-
tiples of a quarter wavelength at the operating
frequency. When the s.w.r. is high, the im-
pedance at such points is considerably higher
or considerably lower than the characteristic
impedance of the line. : .

In these circuits the secondary, consisting
of Ly, C1 (and C4, in the series circuit) and the
input impedance of the line, is tuned to the
operating frequency. As explained in Chapter
Two, the degree of coupling between two reso-
nant circuits is determined by their Qs, and it is
necessary to keep the @s fairly high (of the
order of 10 or so). Assuming that the input
impedance of the line is purely resistive, it can
be inserted in series with the cireuit (as in A)
if its value is below about 100 ohms. The Q of
the secondary circuit then can be brought to
the proper value by making the reactance of
L of the order of 500 to 1000 ohms and setting
the total capacitance of C7 and Cs to tune the
circuit to resonance. With this type of tuning
the current flowing into the line is rather large;
in other words, the system is suitable for
coupling into the line at a current loop.

On the other hand, if the line impedance is
of the order of a few thousand ohms or more —
which it will be at a voltage loop when the
g.w.r. i8 high — the secondary circuit cannot
be made to take power from the transmitter
if the line resistance is inserted in series. The
Q of the secondary circuit would be far too low
to give adequate coupling. In such a case the
parallel-tuned circuit at B may be used. As ex-
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plained in Chapter Two, the Q of a circuit
loaded by a parallel resistance will be equal to
the resistance divided by the reactance of one
of the tuned-circuit elements. Thus the reac-
tance of L;, in the parallel-tuned circuit, should
not exceed a few hundred ohms at the operat-
ing frequency, to ensure a high-enough @ for
good coupling.

If the input impedance of the line has re-
actance along with resistance, the reactance
can be tuned out (within reasonable limits)
by adjusting C; to compensate for it. This can
easily be understood by reference to the sec-
tion on canceling line reactance earlier in this
chapter. The line will show reactance when its
length is such that neither a voltage loop nor
a current loop appears at the input end. There
is a limit to how far the compensation can be
carried, because at some line lengths the
resistance component of the impedance has a
value that is neither low enough to be inserted
in series with the tuned secondary circuit, nor
high enough to be placed in parallel with it.
In such cases it is impossible to get adequate
coupling between the final tank circuit and the
line. In general, the value of the resistance
component changes more slowly in the vicinity
of a current loop than it does in the vicinity of
a voltage loop. For this reason the series circuit
is usable over a fair range of line lengths either
longer or shorter than the length giving a cur-
rent loop. There is less tolerance in the ease of
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reduce the amount of harmonic energy trans-
ferred. The fact that the secondary circuit is
tuned to the operating frequency is also
greatly helpful in preventing harmonies from
getting into the line. -

Adjustment of Series Tuning

The tuning procedure with series tuning is as
follows: With Cy and €3 at minimum capaci-
tance, couple the antenna coil, L;, loosely to
the transmitter output tank coil, and observe
the plate current. Then increase C; and Cs si-
multaneously until a setting is reached that
gives maximum plate current, indicating that
the antenna system is in resonance with the
transmitting frequency. Readjust the plate
tank condenser to minimum plate current. This
is neeessary because tuning the antenna circuit
will have some effect on the tuning of the plate
tank. The new minimum plate current will be
higher than with the antenna system detuned,
but should still be well below the rated value
for the tube or tubes. Increase the coupling be-
tween L1 and L by a small amount, readjust
(7 and Cs for maximum plate current, and
again set the plate tank condenser to mini-
mum. Continue this process until the mini-
mum plate current is equal to the rated plate
current for the amplifier. Always use the de-
gree of coupling between Ly and Lg that just
brings the amplifier plate current to the rated
value when €1 and Cq pass through resonance.

The wvalues of inductance and
capacitance to be used in the sec-

Co ondary circuit will depend largely
Parallel- I fr sney of AT ti n A
L towr on the frequency of operation.
(A) g ! coil of 3 or 4 turns (diameter 2 to
‘ 3 inches) will usually be adequate
i Equivalent at 28 Mec., but 15 or 20 turns may
l S be needed at 3.5 Me. It is best to
+

Paralle/-
cond. L,
line

Fig. 10-24 — Series and parallel tuning. This method is particularly
useful with resonant lines when the length is such as to bring either a
current or voltage loop near the input end. Design data and methods of

adjustment are given in the text.

a voltage loop, so parallel tuning cannot be
expected to give good results if the line length
departs too far from the length giving a voltage
loop at the input end.

Provided that both the final-tank ecircuit
and the line-coupling circuit have Qs of the
order of 10 or more, adequate power transfer
can be obtained with fairly loose coupling be-
tween L and I;. This is desirable, in that it
alds in maintaining a balanced line and helps

00000

Eguivalent

be able to adjust the number of
turns on L; (by a tap), and there
must of course be some means for -
varying the coupling between L
and Li. If the transmitter does not
load properly, the secondary cir-
cuit may not be tuned to reso-
nance; if it is found that maximum
loading is secured with C; and C,
at maximum capacitance, L, is too
small and more turns must be
used. If the maximum loading oc-
curs with C¢ and Cz at minimum,
reduce the number of turns in Lj.
In either case, make sure that C
and (2 can be tuned through reso-
nance so that the loading drops off at either
higher or lower settings. Should it not be possi-
ble to get adequate loading even though the
secondary ecircuit is resonated, increase L; and
reduce C'; and Cs correspondingly, to raise the
Q@ of the secondary circuit. If the practical
limit of this process is reached and the trans-
mitter output stage still does not load properly,
the transmission-line length is not suitable for
series tuning.

- ///‘7/; R
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Two condensers are used in the series-
tuned circuit in order to keep the line bal-
anced to ground. This is because two
identical condensers, both connected with
either their stators or rotors to the line,
will have the same capacitance to ground.
A single condenser will slightly unbalance
the circuit, since the frame has more
capacitance to ground than the stator, but
the unbalance is not serious unless the con-
denser is mounted near a large mass of
metal, such as a chassis.

Adjustment of Parallel Tuning

Coupling and tuning adjustments with
parallel tuning are carried out in much the
same way as with series tuning. There is
only one condenser to adjust, of course.
Start with very loose coupling between L
and L, resonate the secondary circuit by
adjusting C; to make the final-amplifier
plate current rise, then readjust C' for mini-
mum plate current. Increase the coupling in
small steps, reresonating C; and C each time,
until the desired loading is obtained.

Just as in the case of series tuning, it should
be possible to tune through resonance with €.
If the resonant point is at either maximum or
minimum capacitance on Ci, change the num-
ber of turns on I, to bring the resonant point
well on the condenser scale. In gencral, L,
and Cp will have about the same values as L
and C, respectively, when the input impedance
of the line is purely resistive. If the line shows
reactance, the reactance can be tuned out,
within limits, by adjustment of C; and, if
necessary, by changing the number of turns on
I; to achieve a combination that will permit
the secondary circuit to resonate at the oper-
ating frequency.

If the input resistance of the line is very
high, the secondary circuit will tune quite
sharply. On the other hand, if the input re-
sistance is relatively low the tuning will be
broad and the resonance point will not be well
marked. In such a case the number of turns in
Ly should be reduced and the capacitance of
C, increased, to increase the @ of the circuit.
This will permit power transfer with relatively
loose coupling between L and L;. Should it
not be possible to load the transmitter prop-
erly with any combination of L; and Cj, the
input resistance of the line is too low for par-
allel tuning.

In the parallel-tuned circuit C; is shown as a
balanced or split-stator condenser. This type
of condenser is used so that the system will
be balanced to ground for stray capacitances.
This is particularly desirable in the case of
parallel tuning, because the voltage at the
input end of the line is high, causing a rela-
tively large current to flow through a small
stray capacitance. An alternative scheme to
maintain balance is to use two single-ended
condensers in parallel, but with the frame of
one connected to one side of the line and the

+ SERIES
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Fig. 10-25 — Link-coupled series and parallel tuning.

frame of the other connected to the other side
of the line. The same two condensers may be
switched in series, as in Fig. 10-24A, when
series tuning is to be used.

Link Coupling

The circuits shown in Fig. 10-24 require a
means for varying the coupling between two
sizable coils, a thing that is somewhat incon-
venient constructionally. It is easier to use
separate fixed mountings for the final tank and
antenna coils and couple them by means of a
link. As explained in Chapter Two, a short
length of link line is equivalent to providing
mutual inductance between two tuned circuits.
Typical arrangements for series and parallel
tuning are shown in Fig. 10-25. Although these
drawings show variable coupling at both ends
of the link circuit, a fixed link can be used at
cither end so long as a variable link is used at
the other.

There is no essential difference between the
tuning procedures with these circuits and
those of Fig. 10-24. The only change is that the
coupling is adjusted by means of a link instead
of by varying the spacing between L and L.

““Universal’’ Antenna Couplers

An antenna-coupling system that is adapta-
ble to a wide range of line input impedances
can be constructed on the basis of the coupling
principles described earlier. Combined with
link coupling to the final tank circuit and pro-
vision for tuning out the input reactance of the
line, such a system is suitable for working into
either resonant or nonresonant lines, and in-
troduces additional seleetivity into the cou-
pling system that helps discriminate against
harmoniecs.

The circuit diagram is given in Fig. 10-26.
The final tank is coupled to a second tuned cir-
cuit, LiCy, through a link. Taps are provided
on L; so that the resistive component of the
line impedance can be matched to the trans-
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mitter. To take care of cases where the input
impedance of the line has a considerable re-
active component, provision is made for
switching in either a shunt capacitance or
inductance, both of which are variable (see
earlier discussion). The coupling should be
variable at least at one end of the link circuit.
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necessary to change the setting of C ap-
preciably to maintain the final tank in res-
onance, the taps on L; are too close together.
Move each tap one turn toward the ends of
Ly, and again try increasing the coupling for
rated load on the amplifier. When the proper
loading is obtained, the tuning of L1C; will be
reasonably sharp, and changing
the coupling will not necessitate
more than ““touching up” C to
maintain resonance. If the taps on

Parallel-
cond.

line

Ly are too far apart the antenna
tank circuit, L;C;, will be loaded
heavily and its tuning will be

In general, it is advisable to make the in-
ductance of L; about the same as that of L,
and to use for C; a condenser of the same ca-
pacitance as that used for C. The voltage rating
for C1 also should be the same as that of C.
In other words, I1C; may be a duplicate of LC
for the operating frequency in use. The link
coils can consist of two or three turns at each
end. Provision should be made for tapping L1
at frequent intervals — every turn, if possible.
(9 should have as large a maximum ecapaci-
tance as is convenient — 250 to 500 pufd. —
but its voltage rating need not be high in the
average case. For most installations where the
power output does not exceed a few hundred
watts a plate spacing of the order of 0.025 to
0.05 inch 1s suflicient. The inductance Ly can
consist of 20 or 25 turns approximately 2
inches in diameter and spaced 8 to 10 turns to
the inch. The coil should be tapped every few
turns.

The tuning procedure is as follows: First,
disconnect the feeder taps on I, and use the
loosest possible coupling, through the variable
link coupling, to the final tank ecircuit. Tune
(1 until the plate current rises to a peak, in-
dicating that L;C; is resonated, and note the
setting of Cy1. Cut Cs and Ls out of the circuit
and then connect the line taps across a turn or
two at the center of L;. Readjust Cj to res-
onance, as indicated by a rise in plate current.
It should be necessary to use closer coupling
to get an observable change in plate current
with the line connected. Note the new setting
of €. If the capacitance is lower, switch in Le
and find the tap that permits returning C; as
nearly as possible to its original setting; if the
capacitance is higher, switch in Ce and adjust
it to bring C'; back to the original setting. Then
increase the coupling, keeping Ci at resonance
as indicated by maximum plate current, and
keeping C at resonance as indicated by mini-
mum plate current. Continue until the mini-
mum plate current reaches the desired load
value. If C; flashes over as the coupling is in-
creased, or if tuning €, back and forth a small
amount either side of resonance makes it

Fig. 10-26 — “Universal” antenna-coupling system. This circuit can be
used with both resonant and nonresonant parallel-conductor lines.

broad. Under these conditions it
may also be impossible to load the
amplifier to rated plate current,
even with the tightest awvailable
coupling. On the other hand, if
the taps on L; are too close together the an-
tenna tank will be too lightly loaded; its tuning
will be eritical and will affect the tuning of the
plate tank circuit to a marked degree, and Ly -
may overheat when the coupling is adjusted
to make the amplifier take normal input.

When the reactive effeets at the input end
of the line are small, neither Ce nor Lg will be
required., When this 1s the case, the setting of
Cy for resonance will not change much when
the line is tapped on Lj. The greater the num-
ber of turns between the taps, the greater the
detuning of the antenna tank by a given
amount of reactance in the transmission-line
Input impedance.

This coupling system is equally effective
with flat lines or those operating at a high
s.w.r, If the line is actually flat, Co and Lo
will not be needed and the resonance setting
of €1 will not be affected by connecting the
line. Regardless of the s.w.r.; the positions of
the line taps will depend on the resistive com-
ponent of the line input impedance. If the
resistance is low, the taps will be close together;
if it is very high, the taps may have to be set
right at the ends of Lj.

Coupling to Coaxial Lines

The principles of coupling to coaxial lines
are just the same as for coupling to parallel-
conductor lines. However, this type of line is
unbalanced to ground, has inherently low 1m-
pedance, and always should be operated with a
low standing-wave ratio. The input impedance
of a properly-operated coaxial transmission
line therefore will be prinecipally resistive, and
of a value varying between perhaps 30 to 100
ohms, depending on the type of line and the
S.W.I.

It is possible to couple such a line by means
of a small coil inductively coupled to the final
tank coil, as shown in Fig. 10-23A. The small
amount of reactance introduced by the pick-up
coil — and by the line, if the s.w.r. is slightly
greater than 1 — can readily be tuned out by
adjustment of the final tank condenser. How-
ever, additional sclectivity is desirable for the
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purpose of reducing harmonie transfer from
the final tank. Circuits are shown in Fig.
10-27. Except that it is adapted for single-
ended rather than balanced operation, the
circuit at A operates in much the same way
as the circuit in Fig. 10-26. Also, because the
load is known to be in the region of 100 ochms
or less, it is possible to tap it across a capaci-
tance voltage divider (see earlier discussion)
for impedance matching. This avoids the
necessity for tapping L.

The circuit of Fig. 10-27B is similar in
operation to that at A, but dispenses with the
link circuit. For convenience, it uses a link
coil on the final tank for inductive transfer of
energy, the rest of the inductance in the an-
tenna tank circeuit being made up by Li.

In the circuit at A, Ih may be the same as’
L; in B, Ly plus the pick-up coil should have
about the same inductance as L. Except at
perhaps 28 Me., it is satisfactory, practically,
to make Lj the same as L in this circuit also,
since the pick-up coil will not ordinarily have
much inductance itself. In both circuits C,
should have about the same capacitance as C,
and Cp should have approximately the value
suggested in Fig. 10-27.

To adjust the ecircuit, set €7 at maximum,

loosen the coupling between L and the link -

or pick-up coil, and tune (2 to resonance.
This will be indicated, as usual, by a rise in the
amplifier plate current. Adjust € to minimum
plate current and increase the coupling in
small steps, reresonating Ce and C each time,
until the amplifier plate current is normal.
The loading on the antenna tank cireuit is
least when (i is at maximum capacitance, and
increases when the capacitance of (i is de-
creased (with Cs increased correspondingly to
maintain resonance). The symptoms of under-
and over-loading of the antenna tank are the

=
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Fig. 10-28 — The stray capacitive coupling between coils
in the upper circuit leads to the equivalent circuit shown
below. The effect on the performance of the antenna
system is discussed in the text.

same as described in connection with the
universal antenna coupler. Adjust the loading
by means of €1, so that at normal plate input
thé antenna tank tuning is reasonably sharp
and the setting of C is not greatly affected
when (5 is tuned a small amount either side of
resonance.

Stray Coupling

In most of the circuits in Figs. 10-22 to
10-27, inclusive, a single-ended tank circuit
has been indicated for the final amplifier. The
amplifier itself has been shown only sketchily.
The fact is that any type of antenna coupling
circuit can be used with any type of amplifier
— gereen grid or neutralized triode, single-
ended or push-pull. However, the actual ar-

rangement, physically, of the circuit
elements usually has an important
bearing on the performance of the sys-
tem. As it happens, a coupling’ system
that is poorly designed, construction-

tant, it may do a lot of things it is not

‘I"l Czjg ally speaking, usually will do what it is
= ¢ ~ supposed to do. But, equally impor-
=

supposed to do.

Most of the unwanted effects that
occur on transmission lines can be
traced to stray capacitances in the sys-
tem. Fig. 10-28 is an illustration. The
upper drawing shows the ordinary
link-coupled system as it might be
used to couple into a parallel-conduc-
tor line. Inasmuch as a coil is a sizeable

metallic object, it will have capaci-
tance to any other metallic objects in
its vicinity, including other coils. Con-

Fig. 10-27 — Coupling to coaxial lines. These circuits are used for  sequently there is capacitance between

harmonic suppression when working into a nonresonant coaxial the final tank coil and its associated
line. Recommended capacitance values for Ci are as follows: 28

l\flc., 100 p.pfd.; 14 Mc., 200 p.y.fd.; 7 NIC.., 400 pufd.;

800 pufd,

35 Me. link coil, and between the antenna tank
) " coil and its link. These capacitances
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are small, but not negligible. In addition, the
transmitter, particularly with metal-chassis
construction, has appreciable capacitance to
ground. Even if it did not, there is always a
path from the transmitter to ground through
the power wiring and the many stray capaci-
tances associated with it.

There is a fundamental difference between
the inductive coupling between coils and the
capacitive coupling between them. Inductive
coupling induces a voltage in the secondary
coil that causes a current to flow, in common
terminology, ‘““around’ the circuit. In Fig.
10-28, this means that the same current flows
in both conductors of the link but, if the wires
are parallel, the current flows in opposite direc-
tions in the two as it completes its travel
around the loop. The same is true of the cur-
rents in the two conductors of the line. But
with stray capacitive coupling the voltages at
all points on the secondary coil are essentially
in phase; for this type of coupling the second-
ary coil is just a mass of metal. Consequently,
whatever current flows in the link (or in the
line) flows in the same direction in both wires.
Although both the link and line have two con-
ductors and apparently form an ordinary go-
and-return cireuit, to the currents that flow as
a result of capacitive coupling they simply
look like a pair of conductors in parallel —in
effect, that is, like a single conductor. The
equivalent circuit is shown in the lower draw-
ing in Fig. 10-28.

This single-wire circuit is an antenna system
in itself, working in conjunction with a ground
lead of unknown composition and length. It
includes theregular antenna aswell as the entire
transmission line. If the various lengths hap-

-

m T’

A = (8

Fig. 10-29 — Methods of coupling and grounding link
energy transfer through stray capacitance.

el
o

L3

pen to be just right, a fairly-large ‘“parallel”
current of this type can flow in it. This means
that a considerable proportion of the total
power output of the transmitter can be wasted
in losses and radiation from a very undesirable
sort of antenna system. Furthermore, despite
the tuned tank circuits in the amplifier and
antenna coupler, harmonic currents will flow
in such an “antenna’” even more readily than
the fundamental current.

There are other undesirable results, too.
The fact that the power wiring becomes part
of an “antenna’ system means that the trans-
mitter itself may perforce be at a considerable
r.f. potential above ground. The chassis be-
comes ‘‘hot’” with r.f., r.f. feed-back is prone

circuits to reduce
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to occur in speech equipment, and. a consid-
erable amount of r.f. power may be pumped
into receiving and other equipment connected
to the same a.c. power outlet. (A similar type
of coupling in the input circuits of a receiver
leads to stray pick-up of signals that may par-
tially or completely mask the directive effects
of the proper antenna.) On top of all this, it is

No Conrections

here )
Fig. 10-30— The Faraday V.
screen. Stiff wire or small-diam-
eter rod may be used for the
conductors, separated by a dis-
tance about equal to the diam-
eter of the wire or rod. The
dimensions of the sereen should
be greater than the diameters of
the coils to be shielded from
each other.

Conductors _/
Joined heré

impossible to tell much about the operation of
the transmission line because the parallel cur-
rent is more or less in phase with the regular
line current in one wire and out of phase with
it in the other. Thus the resultant currents in
the two wires are unbalanced, and there is no
way to separate the “parallel’” and “line” cur-
rents in measurement.

These effects can only be eliminated if the
stray capacitances are eliminated. However,
they can be reduced by arranging the coils so
the amount of energy coupled from the primary
to the secondary is small, even though the
capacitance itself still exists. This can be done
by using a link coil that is physically small —
that is, has few turns — and coupling it to the
“cold” point on the tank coil. The cold point

will be at the end of the coil that

is grounded for r.f., either di-

rectly or through a by-pass

Z/ $ condenser, in the case of single-
L ended tanks. In balanced tank

circuits, the cold point is at the
center. The coupling is further
reduced if one side of the link
circuit is grounded to the trans-
mitter chassis as close as possible
to the point where the tank itself
is grounded. If the link is at the
end of the tank coil the side farthest from the
tank should be grounded, as indicated in Fig.
10-29A. If the link is wound over one end of
the tank coil, ground the side toward the hot
end of the tank, as indicated in Fig. 10-29B.
With a balanced tank circuit the link should be
at the center of the coil. In this case the best
point to ground is the center of the link coil,
but if this is impracticable good results will be
secured by grounding either end of the coil.
Ground directly to the chassis and keep the
lead as short as possible.

This treatment of link circuits does not
eliminate capacitive coupling. It simply makes
it less troublesome, by making certain that the
coupling occurs between parts of eircuits that

©
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arc not at high r.f. voltage. How-
ever, there are cases, particularly
with balanced tank circuits, where
the point on the tank coil that is
cold for the fundamental fre-
quency is hot at the even harmon-
ics. This means that even though
the transmitter and line behave
properly on the fundamental fre-

349

Co-ax
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) No connection
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quency, harmonies still can be

p-72 second

radiated at considerable intensity.
The only way to be sure that these
effects do not exist is to climinate
the stray capacitance entirely.

Capacitive coupling between
coils can be eliminated by means
of a Faraday screen. This is a
shield that prevents the electric field from
one coil from reaching the other, but which has
no effect on the magnetic field. As shown in
Fig. 10-30, it consists of a group of parallel
conductors, insulated from each other, and
connected together at one end only. This forms
an effective shield for the electric field, but
since the conductors are open-circuited the
voltages induced in them by the magnetic
field cannot cause any current to flow. (Such
current flow is essential to magnetic shielding
with nonmagnetic materials, as explained in
Chapter Two.)

=

Faraday

/ screens

Faraday

/ screen

Fig. 10-31 — Installation of Faraday screens to eclimi-
nate capacitive coupling between coils.

The Faraday screen should be somewhat
larger than the diameter of the coils with
which it is used. It is simply mounted between
the two coils that are to be shielded from each
other, and then grounded to the chassis
through a short lead, as indicated in Fig. 10-31.
In the case of a balanced tank circuit with a
swinging link, two shields must be used, one

/’ -
/nnér coriductor
soldered to cable shield

Link

Fig. 10-32 — A shielded link coil constructed from coaxial cable. The
smaller sizes of cable such as RG-59/U are most convenient, except
when the coils have a diameter of 3 inches or more. For larger coils,

RG-8/U or RG-11/U can be used.

on each side of the link coil. In the case of
fixed links wound over the tank coil, a satis-
factory screen can be made by using several
turns of the same type of coil, cutting them
parallel to the axis to open-circuit the con-
ductors, and then soldering them together at
one end only. This shield can then be inserted
between the tank coil and link, making sure
that it is adequately insulated from both.

An alternative, and perhaps simpler, type of
screening is shown in Fig. 10-32. In this case
the inner conductor of a piece of coaxial cable
is used to form a one-turn link. The outer con-
ductor serves as an open-circuited shield
around the turn, this shield being grounded to
the chassis. The circuit to the link line is made
by connecting the inner conductor to the outer
conductor at the finish of the turn, as shown,
and from there on the coaxial line is used to
transfer the power to a second, and similar,
link coil at the antenna tuner. This type of
shielded link is simpler to make than the regu-
lar Faraday screen.

Aside from the adverse effects on the per-
formance of the antenna system, stray capaci-
tive coupling frequently is responsible for in-
terference to near-by broadeast receivers. It is
not difficult to appreciate that radiation taking
place from transmission lines and power wiring
is, in general, more likely to get into a broad-
cast receiver than radiation from an antenna
that is intentionally kept away from other
antennas — particularly when the receivers
are connected to that same power wiring.

Antenna-Coupler Construction

The apparatus used to cancel line reactance
and match the line resistance to the transmitter
is commonly called an ‘“antenna coupler” or
“antenna tuner.” (The name is really a mis-
nomer, because the coupling and tuning equip-
ment at the input end of the line does not have
any effect on the antenna itself; if there is any
antenna tuning to be done it must be done at
the antenna, independently of the line.) The
design principles and the important construc-

tional points have been covered earlier in this
chapter;in this section we show a few examples
of typical construction.

Bearing in mind the precautions mentioned
earlier as to maintaining balance in parallel-
conductor transmission lines, it is usually good
practice to install the coupling equipment
close to the point where the line enters the
station. This is a simple matter when the tun-
ing equipment is link-coupled to the trans-



Fig. 10-33 — A wall-mounting antenna coupler for
medium-power transmitters. This unit provides a choice
of either series or parallel tuning for resonant feeders.
Standard transmitting coils of the variable-link type
are used.

mitter, since there are no particular restrictions
on the length of the link that can be used.
However, if the link line is fairly long it should
be treated as a transmission line rather than
merely as a means of providing mutual in-
ductance between two separated coils. In such
a case it is advisable to have variable coupling
at both ends of the link. This permits matching
the link line to the line tank circuit, and once
the match is obtained the power output of the
transmitter can be varied by changing the
coupling at the transmitter tank. If the link
line is not properly matched its current may be
excessive, leading to unnecessary power loss.

The most desirable form of link line is
coaxial cable. Properly handled, its losses are
low; and since it is shielded it can be on or near
metal objects with impunity.

. SERIES-PARALLEL COUPLER FOR
WALL MOUNTING

Fig. 10-33 shows a link-coupled coupler de-
signed for series or parallel tuning of a resonant
line. ‘It is suitable for transmitters having a
power output in the neighborhood of 250 watts.
A higher-power version easily could be made
. using a similar layout, but substituting heavier
coils and condensers with greater plate spacing.

CHAPTER 10

As shown in Fig. 10-34, the change from
series to parallel tuning is made by means of
jumpers and extra pins on the coil plug-bar.
A separate coil is used for each band, and after
determining which should be used, series or
parallel tuning, on a particular band, the jump-
ers may be installed permanently or left off as
required. The tuning condensers specified, to-
gether with a set of standard plug-in trans-
mitting coils, should provide adequate coupling
if the transmission-line length is such as to
bring a voltage or current loop near the input
end.

The unit is mounted on an 8 X 12 X 74-inch
board for hanging on the wall in any convenient
location near the entrance point of the feeders.
The 2.5-ampere r.f. ammeter is mounted cen-
trally by long wood screws through spacers at
the top of the unit. A short length of twisted
pair connects it to the thermocouple, secured
in a horizontal position at the bottom of
the backboard. The tuning condensers are
mounted on the underside of a 4-inch shelf
extending the width of the unit. Atop the
shelf, the jack-bar for the coil is supported on
pillars by wood screws. An extension shaft to
vary the degree of coupling is supported by a
bushing fastened to a short strip of brass at the
right of the shelf. A short length of 300-ohm
ribbon (coaxial cable can be used instead) con-
nects the input terminals to the movable link,
while the output terminals are located at the
middle right of the backboard. Two screw
eyes at the top permit the unit to be hung from
serews or nails in the wall.

. RACK-MOUNTING SERIES-PARALLEL
COUPLER

The rack-mounting coupling unit shown in
Fig. 10-35 is suitable for power outputs of 25
to 50 watts, and provides either series or
parallel tuning for resonant lines. Separate
condensers are used for this purpose, and while
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Fig. 10-34 — Circuit diagram of an antenna coupler for

use with a medium-power transmitter. A — Series tun-

ing, B — Parallel tuning.

Ci1, C2 — 100-pufd. single section variable, 0.070-inch
spacing (Cardwell MT-100-GS).

L—B & W BVL series.

A — 0-2.5 thermocouple r.f. ammeter.
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three are required, this system has the ad-
vantage that no switching is necessary when
changing from series to parallel tuning. It is
also possible to cover a somewhat wider range
of line input impedances with parallel tuning
because the series condensers can be used to
help cancel out inductive reactance that can-
not be handled by the parallel circuit alone. -

The coupler is mounted on a 5} X 19-inch
panel. The parallel condenser, Cj, is in the
center, with Cs and Cj3 on either side. The varia-
ble condensers are mounted on National GS-1
stand-off insulators which are fastened to the
condenser tie-rods by means of machine screws
with the heads cut off. Small ceramic shaft
couplings are used to insulate the control
knobs from the condenser shafts.

Clips with flexible leads attached are pro-
vided for the parallel condenser, C'1, so that the
sections may be used either in series or parallel
to form either a high-C or low-C tank circuit,
as required. When the high-C tank is necessary
the two stators are connected together by
means of the clips, as indicated by the dotted
lines in the circuit diagram, Fig. 10-36. When
the two sections are connected in series for
low-C operation the breakdown voltage 1s
increased.

Two sets of variable condensers are sug-
gested in the list of parts. The smaller receiv-
ing-type condensers with 0.03-inch air gap are
satisfactory for transmitter power outputs up
to 50 watts. The larger condensers, with 0.045-
inch spacing, are required for transmitter out-
puts of the order of 100 watts.

@ BANDSWITCHING UNIVERSAL
COUPLER

The coupling unit shown in Figs. 10-37 and
10-39 is of the ‘“universal” type discussed
earlier. It is a bandswitching unit using com-
mercially-available coils. Provision is made for
switching either capacitance or inductance
across the transmission line to compensate for
its input reactance. Impedance matching is
achieved by tapping the tank coils at the
proper points.

In the circuit diagram, Fig. 10-38, only one

391

Link inpuf

Fig. 10-36 — Circuit of the rack-mounting antenna
tuner for use with transmitters having final amplifiers
that are operated at less than 1000 volts on the plate.
All coils are 17§ inches in diameter and 214 inches
long, with the variable link located at the center. For
series tuning, use the coil specified for the next-higher
frequency band, which will be approximately correct.
C1 — 100 pufd. per section, 0.045-inch spacing (National
TMK-100-D) for high voltages; receiving type
for low voltages (Hammarlund M CD-100).
Ca, Cs— 250 pufd., 0.026-inch spacing (National
‘ TMS-250) for high voltages; receiving type for
low voltages (Hammarlund M C-250).
L — B & W JVL-series coils. Approximate dimensions
for parallel tuning for each band are as follows:
3.5-Mec. band — 40 turns No. 20.
7-Mec. band — 24 turns No. 16.
14-Mec. band — 14 turns No. 16.
28-Mec. band — 8 turns No. 16.

set of coils is shown. For other bands the con-
nections shown for L; and Ly would be dupli-
cated. Bandswitching is accomplished by a
five-gang switch, S;. Compensating reactances
can be switched in or out of the circuit by Ss.
The coupling links, L, are the shielded type
using coaxial cable described earlier in this
chapter (Fig. 10-32).

The coupler is wholly supported by a 7 X
19-inch relay-rack panel. The variable con-
densers are mounted from the panel by small
stand-off insulators, and insulated couplings
are used between the condenser shafts and the
National Type AM dials. The tank condenser,
Ci, is mounted at the right-hand end of the
panel with the bandswitch, S, to its left. The
four coils are grouped around the bandswiteh,
with the 28-Mec. coil placed so that the leads
toit are the shortest. The coils are Millen 44000
series with the plug bases removed from the

¢

Fig. 10-35 — Rack-mounted coupler
for low-power transmitters. This unit
uses three variable condensers to pro-
vide cither series or parallel tuning
without condenser switching.

¢
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¢

Fig. 10-37 — Bandswitching univer-
sal-tvpe coupler for parallel-conduc-
tor lines. This unit can be used with
transmitters having power outputs
of the order of 100 watts.

¢

3.5-, 7- and 14-Me. coils. It is not practicable to The compensating condenser, C's, is mounted
remove the base from the 28-Me. coil because  at the left-hand end of the panel. L3 is mounted
it does not have the polystyrene supporting vertically to its right, with S3 directly in front
strip that is part of the lower-frequency coil of it on the panel. Sy is mounted centrally on
the panel. The output terminals to the line are
mounted above S3. The link input terminal is
a coaxial cable socket mounted on a small
bracket in the lower right-hand corner.

The link coils, Le, are supported by the
wiring, and the coupling is changed by bending
the link into or out of its associated tank coil.

= Since the links fit rather tightly in the tank
rsza “. La coils, the pressure helps hold them in place

W’_’ once the proper coupling is determined. The

link shields are all connected together and to
the input connector; the inner conductors go

Fig. 10-38 — Circuit diagram of the bandswitching ¢, 4o qwiteh contacts. The link coils are made
coupler. In this diagram the ground_symbol indicates from RG-59/U cable.

points that are connected together. Wiring to coils is

OUTPUT

? o,

shown for one band only, to avoid complicating the With the coils and condensers specified, this
diagram; the wiring for other coils is identical. coupler can handle power outputs of the order
Cr— 10{)63%‘{-)‘)1"3"'“0“0“ variable (Cardwell MR-t 100 to 150 watts. The method of adjustment
C2 — 335-uufd. variable (Cardwell MR-335-BS). is covered earlier in this chapter.

L; — Millen 44000-series coils (see text).
L2 — Shielded link; one turn for 28 and 14 Me.; 2 turns

for 7 and 3.5 Me. _ i @ 5 WIDE-RANGE ANTENNA
L; — 26 turns No. 12 on 2Ll3-inch diameter form (Na- COUPLER

tional XR-10A), 7 turns per inch. Tapped 8, 14,
18, 22 and 24 turns from end to which arm of
Sa is connected.

The photograph of Fig. 10-40 shows the con-

J1 — Coaxial-cable connector (Amphenol). . structional details of a wide-range antenna

S1— S-a:ectliolr’l ;L#-F(n)sition ceramic wafer switch (Cen- coupler suitable for use with high-power trans-
tralab Z546). e e " 5 = . \

Ss — 2.gection 4-position ceramic wafer switch (Cen- mlpt,ms. Ycﬂloub. COII}blIla,LIOnS of parallel and
tralab 2543). series tuning, with high- and low-C tanks and

S3 — 1-section (é-position ceramic wafer switch (Cen- high- and low-impedance outputs, are avail-
tralab 2501). able. Diagrams of the various circuit com-

assemblies. The coils are partly supported by  binations possible with this arrangement are
the wiring to the switch and partly by the given in Fig. 10-41.

polystyrene plate mounted on the back of the A separate coil is used fo‘r each band, and the
switch. The ends of the coil mounting strips  desired connections for series or parallel tuning
are cemented into holes cut in the plate. with high or low C, or for low-impedance output

¢

Fig. 10-39 — Rear view of the band-
switching coupler. Details of coil
mountings are shown in this view.

L 4
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¢

Fig. 10-40 — Wide-range antenna coupler.
The unit is assembled on a metal chassis
measuring 10 X 17 X 2 inches, with a panel
834 X 19 inches in size. The variable con-
‘denser is a =plit-stator unit with a capacitance
of 200 pufd. per section and 0.07-inch-plate
spacing (Johnson 200ED30). The plug-in
coils are the B & W TVL series. The r.f. am-
meter has a 4-ampere scale.

¢

with high or low C, are automatically made
when the coil is plugged in. Coil connections
to the pins for various circuit arrangements are
shown in Fig. 10-41.

The tuning condenser specified, together
with a set of standard plug-in transmitting
coils, should cover nearly all coupling condi-
tions likely to be encountered.

Because the switching connections require
the use of a central pin, a slight alteration in
the B & W coil-mounting unit is required. The
central link-mounting unit should be removed
from the jack-bar and an extra jack placed in
the central hole thus made available. The link
assembly should then be mounted on a 2-inch
cone insulator to one side of the jack bar.

Correspondingly, the central nut on each coil
plug basc must be removed and a Johnson
tapped plug, similar to those furnished with
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Fig. 10-41 — Circuit diagram of the wide-range rack-type antenna coupler. A — Parallel tunin"‘g,i

the coils, substituted. An extension shaft may
then be fitted on the link shaft and a control
brought out to a knob on the panel. _

The split-stator tank condenser is mounted
by means of angle brackets on four I-inch
cone-type ceramic insulators, and an insulated
flexible coupling is provided for the shaft.

If desired, the coils may be wound with
fixed links on eceramic transmitting coil forms.
The links should be provided with flexible
leads which can be plugged into a pair of jack-
top insulators mounted near the coil jack strip,
unless a special mounting is made providing
for seven connections,

The unit as described should be satisfactory
for transmitters having an output of 500 watts
with plate modulation and somewhat more on
c.w. For higher-power 'phone, a tank condenser
with larger plate spacing should be used.
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low C. B — Parallel tuning, high C. C — Series tuning, low C. D — Series tuning, high C. E — Paral-
lel tank, low-impedance output, low C. I' — Paralle! tank, low-impedance output, high C. After the
inductance required for each of the various-bands has been determined experimentally, the connec-
tions to the coils can be made permanent. Then it will be necessary only to plug in the right coil for
cach band, tune the condenser for resonance, and adjust the link loading.
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CHAPTER 10

Antennas

In selecting the type of antenna to use, the
propagation characteristics of the frequency
band or bands to be used should be given due
consideration. These are outlined in Chapter
Four. In general, antenna construction and
location become more critical and important
on the higher frequencies. On the lower fre-
quencies (3.5 and 7 Me.) the angle of radiation
and plane of polarization may be of relatively
little importance; at 28 Mec. and higher they
may be all-important. On a given frequency,
the particular type of antenna best suited for
long-distance transmission may not be as good
for shorter-range work as would a different
type. The important properties of an antenna
or antenna system are its polarization, angle
of radiation, impedance, directivity and gain.

Polarization

The polarization of a straight-wire antenna
is its position with respect to the earth. That is,
a vertical wire transmits vertically-polarized
waves and a horizontal antenna generates
horizontally-polarized waves in its direction
of maximum radiation (broadside). The wave
from an antenna in a slanting position con-
tains both horizontal and vertical components.

Angle of Radiation

The wave angle (or vertical angle) at which
an antenna radiates best is determined by its
polarization, height above ground, and the na-

ture of the ground. Radiation is not all at one-

well-defined angle, but rather is generally
dispersed over a more or less large angular
region, depending upon the type of antenna.
The angle is measured in a vertical plane with
respect to a tangent to the earth at that point.

Impedance

The impedance of the antenna at any point
is the ratio of the voltage to the current at that
point. It is important in connection with feed-
ing power to the antenna, since it constitutes
the load represented by the antenna. It is a
pure resistance only at current loops (maxima)
and nodes (minima) on resonant antennas.
The antenna impedance is high at the current
node and low at the current loop.

Ground

The radiation pattern of any antenna that
is many wavelengths distant from the ground
and all other objects is called the free-space
pattern of that antenna. The free-space pat-
tern of an antenna is almost impossible to ob-
tain in practice, except in the v.h.f. and u.h.f.
ranges. Below 30 Mec., the location of the an-
tenna with respect to ground plays an impor-
tant part in determining the actual radiation
pattern of the antenna,

Directivity

All antennas radiate more power in certain
directions than in others. This characteristic,
called directivity, must be considered in three
dimensions, since directivity exists in the
vertical plane as well as in the horizontal
plane. Thus the directivity of the antenna will
affect the wave angle as well as the actual com-
pass directions in which maximum transmis-
sion takes place.

Current

The field strength produced by an antenna is
proportional to the current flowing in it. When
there are standing waves on an antenna, the
parts of the wire carrying the higher current
have the greater radiating effect. All resonant
antennas have standing waves — only ter-
minated types, like the terminated rhombic
and terminated “V,” have substantially uni-
form current along their lengths.

Power Gain

The ratio of power required to produce a
given field strength, with a “comparison’ an-
tenna, to the power required to produce the
same field strength with a specified type of an-
tenna is called the power gain of the latter
antenna. The field is measured in the optimum
direction of the antenna under test. In amateur
work, the comparison antenna is generally a
half-wave antenna at the same height and
having the same polarization as the antenna
under consideration. Power gain usually is ex-
pressed in decibels.

Front-to-Back Ratio

In unidirectional beams (antenna systems
with maximum radiation in only one direc-
tion) the front-to-back ratio is the ratio of
power radiated in the maximum direction to
power radiated in the opposite direction. It is
also a measure of the reduction in received sig-
nal when the beam direction is changed from
that fer maximum response to the opposite
direction. Front-to-back ratio is usually ex-
pressed in decibels.

Effects

When any antenna is near the ground the
free-space pattern is modified by reflection of
radiated waves from the ground, so that the
actual pattern is the resultant of the free-space
pattern and ground reflections. This resultant
is dependent upon the height of the antenna,
its position or orientation with respect to the
surface of the ground, and the electrical
characteristics of the ground. The effect of a
perfectly-reflecting ground is such that the
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Fig. 10-42 — Effect of ground on radiation of horizontal
antennas at vertical angles for four antenna heights.
'This chart is based on perfectly-conducting ground.

original free-space field strength may be
multiplied by a factor which has a maximum
value of 2, for complete reinforcement, and
having all intermediate values to zero, for
complete cancellation. These reflections only
affect the radiation pattern in the wvertical
plane — that is, in directions upward from the
earth’s surface — and not in the horizontal
plane, or the usual geographical directions.
Tig. 10-42 shows how the multiplying factor
varies with the vertical angle for several
representative heights for horizontal antennas.
As the height is increased the angle at which
complete reinforcement takes place is lowered,
until for a height equal to one wavelength it
occurs at a vertical angle of 15 degrees. At still
greater heights, not shown on the chart, the
first maximum will occur at still smaller angles.

Rodiation Angle

The vertical angle, or angle of radiation, is
of primary importance, especially at the higher
frequencies. It is advantageous, therefore, to
erect the antenna at a height that will take
advantage of ground reflection in such a way as
to reinforce the space radiation at the most de-
sirable angle. Since low radiation angles usually
are desirable, this generally means that the an-
tenna should be high — at least one-half wave-
length at 14 Me., and preferably three-quarter
or one wavelength; at least one wavelength,
and preferably higher, at 28 Mc. and the very-
high frequencies. The physical height required
for a given height in wavelengths decreases as
the frequency is increased, so that good heights
are not impracticable; a half-wavelength at
14 Mec. is only 35 feet, approximately, while
the same height represents a full wavelength
at 28 Mec. At 7 Mec. and lower frequencies the
higher radiation angles are effective, so that
again a reasonable antenna height is not diffi-
cult of attainment. Heights between 35 and 70
feet are suitable for all bands, the higher figures
being preferable.
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Imperfect Ground .

Fig. 10-42 is based on ground having perfect
conductivity, whereas the actual earth is not
a perfect conductor. The principal effect of
actual ground is to make the curves inaccurate
at the lowest angles; appreciable high-fre-
quency radiation at angles smaller than a few
degrees is practically impossible to obtain
over horizontal ground. Above 15 degrees,
however, the curves are accurate enough for
all practical purposes, and may be taken as
indicative of the sort of result to be expected
at angles between 5 and 15 degrees.

The effective ground plane — that is, the
plane from which ground reflections can be
considered to take place — seldom is the actual
surface of the ground but is a few feet below
it, depending upon the character of the soil.

Impedance

Waves that are reflected directly upward
from the ground induce a current in the an-
tenna in passing, and, depending on the an-
tenna height, the phase relationship of this
induced current to the original current may be
such as either to increase or decrease the total
current in the antenna. For the same power
input to the antenna, an increase in current is
equivalent to a decrease in impedance, and
vice versa. Hence, the impedance of the an-
tenna varies with height. The theoretical curve
of variation of radiation resistance for an an-
tenna above perfectly-reflecting ground is
shown in Fig. 10-43. The impedance approaches
the free-space value as the height becomes
large, but at low heights may differ consider-
ably from it.

Choice of Polarization

Polarization of the transmitting antenna is
generally unimportant on frequencies between
3.5 and 30 Me. However, the question of
whether the antenna should be installed in a
horizontal or wvertical position deserves con-
sideration for other reasons. A vertical half-
wave or quarter-wave antenna will radiate
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function of height in wavelength above perfectly-re-
flecting ground. :



equally well in all horizonicl directions, so that
it is substantially nondirectional, in the usual
sense- of the word. If installed horizontally,
‘however, the antenna will tend to show direc-
tional effects, and will radiate best in the direc-
tion at right angles, or broadside, to the wire.
The radiation in such a case will be least in the
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direction toward which the wire points.

The vertical angle of radiation also will be
affected by the position of the antenna. If it
were not for ground losses at high frequencies,
the vertical half-wave antenna would be pre-
ferred because it would concentrate the radia-
tion horizontally.

The Hali-Wave Antenna

The fundamental form of antenna is a single
wire whose length is approximately equal to
half the transmitting wavelength. It is the
unit from which many more-complex forms of
antennas are constructed. It is wvariously
known as a half-wave dipole, half-wave dou-
blet, or Hertz antenna.

The length of a half-wavelength in space is:

492
Freq. (Me.)

The actual length of a half-wave antenna
will not be exactly equal to the half-wave
in space, but depends upon the thickness of the
conductor in relation to the wavelength as
shown in Fig. 10-44, where K is a factor that
must be multiplied by the half-wavelength in
free space to obtain the resonant antenna

Length (feet) = (10-H)
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Fig. 10-44. Effect of antenna diameter on length for
half-wave resonance. shown as a multiplying factor, K,
to be applied to the free-space half-wavelength (Equa-
tion 10-H). The effect of conductor diameter on the im-
pedance measured at the center also is shown.

length. An additional shortening effect occurs
with wire antennas supported by insulators at
the ends because of the capacitance added to
the system by the insulators (end effect).
Under average conditions the following form-
ula is sufficiently accurate for wire antennas at
frequencies up to 30 Mec.:

Length of half-wave antenna (feet) =
492 X< 0.95 468
= 10-I
I'req. (Mec.) Freq. (Mec.) ( )

Example: A half-wave antenna for 7150 ke.

(7.15 Mec.) is fiﬁ = $5.45 feet, or 65 feet 5
7

e

inches,

Above 30 Me. the following formulas should
be used, particularly for antennas constructed
from rod or tubing. The factor K is taken from
Fig. 10-44.

Length of half-wave antenna (feet) =
492 X K
e 10-
Freg. (Me.) (10-J)
5905 X K
Freq. (Mec.)

Example: Find the length of a half-wavelength
antenna at 29 Me., if the antenna is made of 2-
inch diameter tubing. At 29 MMe., a half-wave-

or length (inches) = (10-K)

; . 492 -
length in space is eTY = 16.97 feet, from Eq.

10-H. Ratio of half-wavelength to conductor

diameter (changing wavelength to inches) is

16.97 X 12
9

for this ratio. The length of the antenna, from

92 .94

Eq. 10-J, isgu
29

7 inches. The answer is obtained directly in

5905 X 0.92

29

= 101.8. From Fig. 10-44, K =0.92
= 15.6 feet, or 15 feet

inches by substitution in Eq. 10-K:

= 187 inches.

Current and Voltage Distribution

When power is fed to such an antenna, the
current and voltage vary along its length. The
current is maximum at the center and nearly
zero at the ends, while the opposite is true of
the r.f. voltage. The current does not actually
reach zero at the current nodes, because of the
end effect; similarly, the voltage is not zero at
its node because of the resistance of the an-
tenna, which consists of both the r.f. resistance
of the wire (ohmic resistance) and the radiation
resistance. The radiation resistance is an
equivalent resistance, a convenient conception
to indicate the radiation properties of an an-
tenna. The radiation resistance is the equiva-
lent resistance that would dissipate the power
the antenna radiates, with a current flowing in
it equal to the antenna current at a current
loop (maximum). The ohmic resistance of a
half-wavelength antenna is wusually small
enough, in comparison with the radiation re-
sistance, to be neglected for all practical pur-
poses.

Impedance

The radiation resistance of an infinitely-
thin half-wave antenna in free space — that
is, sufficiently removed from surrounding ob-
jects so that they do not affect the antenna’s
characteristics — is 73 ohms, approximately.
The wvalue under practical conditions is
commonly taken to be in the neighborhood of
70 ohms. It is pure resistance, and is measured
at the center of the antenna. The impedance
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Fig. 10-45 — The free-space radiation pattern of a half-
wave antenna. The antenna is shown in the vertical
position. This is a cross-section of the solid pattern de-
scribed by the figure when rotated on its vertical axis.
The “doughnut”™ form of the solid pattern can be more
easily visualized by imagining the drawing glued to a
piece of cardboard, with a short length of wire fastened
on it torepresent the antenna. T'wirling the wire will give
a visual representation of the solid radiation pattern.

is minimum at the center, where it is equal to
the radiation resistance, and increases toward
the ends. The actual value at the ends will
depend on a number of factors, such as the
height, the physical construction, the insu-
Iators at the ends, and the position with respect
to ground.

Conductor Size

The impedance of the antenna also depends
upon the diameter of the conductor in relation
to the wavelength, as shown in Fig. 10-44. If
the diameter of the conductor is made large,
the capacitance per unit length increases and
the inductance per unit length decreases.
Since the radiation resistance is affected rela-
tively little, the decreased L/C ratio causes
the @ of the antenna to decrease, so that the
resonance curve becomes less sharp. Hence, the
antenna is capable of working over a wide
frequency range. This effect is greater as the
diameter is increased, and is a property of some
importance at the very-high frequencies where
the wavelength is small.

Radiation Characteristics

The radiation from a half-wave antenna is
not uniform in all directions but varies with
the angle with respect to the axis of the wire.
It is most intense in directions perpendicular
to the wire and zero along the direction of the
wire, with intermediate values at intermediate
angles. This is shown by the sketch of IMig.
10-45, which represents the radiation pattern
in free space. The relative intensity of radi-
ation is proportional to the length of a line
drawn from the center of the figure to the
perimeter. If the antenna is vertical, as
shown in the figure, then the field strength will
be uniform in all horizontal directions; if the
antenna is horizontal, the relative field strength
will depend upon the direction of the receiving
point with respect to the direction of the an-
tenna wire. The variation in radiation at vari-

Fig. 10-46 — lustrating the
C importance of vertical angle of
radiation in determining an-
tenna directional effects. Ground

8 / reflection is neglected in this
A s drawing of the free-space field

pattern of a horizontal antenna.
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ous vertical angles from a half-wavelength
horizontal antenna is indicated in Figs. 10-46
and 10-47.

@ FEEDING THE HALF-WAVE
ANTENNA

Direct Feed

If possible, it is advisable to locate the an-
tenna at least a half-wavelength from the
transmitter and use a transmission line to
carry the power from the transmitter to the
antenna. IHowever, in many cases this is im-
possible, particularly on the lower frequencies,
and direct feed must be used. Three examples
of direct feed are shown in Fig. 10-48. In the
method shown at A, C; and (s should be about
150 pufd. each for the 3.5-Me. band, 75 uufd.
each at 7 Me., and proportionately smaller
at the higher frequencies. The antenna coil

Fig. 10-47 — Horizontal pattern of a horizontal half-
wave antenna at three vertical radiation angles. The
solid line is relative radiation at 15 degrees. Dotted lines
show deviation from the 15-degree pattern for angles of
9 and 30 degrees. The patterns are useful for shape only,
since the amplitude will depend upon the height of the
antenna above ground and the vertical angle considered.
The patterns for all three angles have been proportioned
to the same scale, but this does not mean that the maxi-
mum amplitudes necessarily will be the same. The-arrow
indicates the direction of the horizontal antenna wire.

connected between them should resonate to
3.5 Mec. with about 60 or 70 uufd., for the 80-
meter band, for 40 meters it should resonate
with 30 or 35 ppfd., and so on. The circuit is
adjusted by using loose coupling between the
antenna coil and the transmitter tank coil and
adjusting €71 and Cs until resonance is indi-
ated by an increase in plate current. The
coupling between the coils should then be in-
creased until proper plate current is drawn. It
may be necessary to reresonate the transmitter
tank circuit as the coupling is increased, but
the change should be small.

The cireuits in Fig. 10-481B3 and C are used
when only one end of the antenna is accessible.
In B, the coupling is adjusted by moving the
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tap toward the “hot” or plate end of the tank
coil — the condenser ' may be of any con-
venient value that will stand the voltage, and
it doesn’t have to be variable. In the circuit
at C, the antenna tuned circuit (Ci and the
antenna coil) should be similar to the trans-
mitter tank circuit. The antenna tuned cir-
cuit is adjusted to resonance with the antenna
connected but with loose coupling to the
transmitter. Heavier loading of the tube is
then obtained by tightening the coupling be-
tween the antenna coil and the transmitter
tank coil.

Of the three systems, that at A is preferable
because it is a symmetrical system and gener-
ally results in less r.f. power “floating” around
the shack. The system of B is undesirable be-

I-———-Half—wavelengfh from formula ——-—I

Solder joint

No. 14 wire
or coaxial line

_ _,_75—ohm Twin-Lead

Fig. 10-49 — Construction of a half-wave doublet fed
with 75-ohm line. The length of the antenna is calcu-
lated from Equation 10-I.

cause it provides practically no protection
against the radiation of harmonies, and it
should only be used in emergencies.

Transmission-Line Feed for
Half-Wave Antennas

Since the impedance at the center of a half-
wavelength antenna is in the vieinity of 75
ohms, it offers a good match for 75-ohm two-
wire transmission lines. Several types are
available on the market, with different power-
handling capabilities. They can be connected in
the center of the antenna, across a small strain
insulator to provide a convenient connection
point. Coaxial line of 75-ohms impedance can
also be used, but it is heavier and thus not as
convenient. In either case, the transmission
line should be run away at right angles to the
antenna for at least one-quarter wavelength, if
possible, to avoid current unbalance in the
line caused by pick-up from the antenna. The
antenna length is calculated from KEquation
10-1I, for a half-wavelength antenna. When
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No. 12 or No. 14 enameled wire is used for the
antenna, as is generally the case, the length of
the wire i1s the over-all length measured from
the loop through the insulator at each end.
This is illustrated in Fig. 10-49.

The use of 75-ohm line results in a “flat”
line over most of any amateur band. However,
by making the half-wave antenna in a special
manner, called the two-wire or folded doub-
let, a good match is offered for a 300-ohm

line. Such an antenna is shown in Fig. 10-50,
with another version in Fig. 10-79B. The two

differ only in the construction of the antenna

length from formula ——I

Solder joint

| Half

Lightweight spacers

tied in place with
No. 18 wire

300-chm
Twin-Lead

Fig. 10-50 — The construction of an open-wire folded
doublet fed with 300-ohm line. The length of the an-
tenna is calculated from Equation 10-1.

proper. The open-wire line shown in Fig.
10-50 is made of No. 12 or No. 14 enameled
wire, separated by lightweight spacers of
Lucite or other material (it doesn’t have to be
a low-loss insulating material), and the spacing
can be on the order of from 4 to 8 inches, de-
pending upon what is convenient and what the
operating frequency is. At 14 Me., 4-inch sep-
aration 1is satisfactory, and 8-inch or even
greater spacing can be used at 3.5 Me.

If a half-wavelength antenna is fed at the
center with other than 75-ohm line, or if a
folded doublet is fed with other than 300-ohm
line, standing waves will appear on the line
and coupling to the transmitter may become
awkward for some line lengths, as described
earlier in this chapter. However, in many
cases it is not convenient to feed the half-wave
antenna with the correct line (as is the case
where multiband operation of the same an-
tenna is desired), and sometimes it is not con-
venient to feed the antenna at the center.
Where multiband operation is desired (to be
discussed later) or when the antenna must be

Half—waveleng1h Half-wavelength
I‘ from formula ’[ ’{ from formufa r"
e ____% - e&mr@nw
So[der Solder
Joint joint

Nol2 or Nol4 wire —
hard-drawn .or

\\ copperweld /
Ceramic spacers tied in L
(B)

(A)! | place with No.l8 wire

I I~ / |

Y v No.l4 soff-drawn copper Y v
To transmitter To transmitter

—

Fig. 10-51 — The antenna can be fed at the center or at
the end with an open-wire line. The antenna length is
obtained from Equation 10-1.
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Fig. 10-52 — Delta-matched antenna system. The di-
mensions C, D, and E are found by formulas given in
the text. It is important that the matching section, E,
come straight away from the antenna without any bends.

fed at one end by a transmission line, an open-
wire line of from 450 to 600 ohms impedance is
generally used. The impedance at the end of a
half-wavelength antenna is in the vicinity of
several thousand ohms, and hence a standing-
wave ratio of 4 or 5 is not unusual when the
line is connected to the end of the antenna. It
is advisable, therefore, to keep the losses in the
line as low as possible. This requires the use of
ceramic or Micalex feeder spacers, if any ap-
preciable power is used. For low-power in-
stallations in dry climates, dry wood spacers
that have been boiled in paraffin are satis-
factory. Mechanical details of half-wavelength
antennas fed with open-wire lines are given in
Fig. 10-51. If the power level is low, below 100
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watts or so, 300-ohm Twin-Lead can be used
in place of the open line.

One method for offering a match to a
600-ohm open-wire line with a half-wavelength
antenna is shown in Fig. 10-52. The system is
called a delta match. The line is “fanned”
as it approaches the antenna, to have a gradu-
ally-increasing impedance that equals the an-
tenna impedance at the point of connection.
The dimensions are fairly critical, but careful
measurement before installing the antenna and
matching section is generally all that is neces-
sary. The length of the antenna, L, is calcu-
lated from Iquation 10-I. The length of
section €' is computed from:

118
Freg. (Mec.)
The feeder clearance, F, is found from

C (feet) = (10-L)

: 148
B (feet) =—————— (10-M
Freq. (Mc.) )
Example: For a frequency of 7.1 Me., the length

L = 4:6% = 65.91 feet, or 65 feet 11 inches.

7.

118 %
O = = = 16.62 feet, or 16 feet 7 inches.

148 .
E = e = 20.84 feet, or 20 feet 10 inches.

7.

Since the equations hold only for 600-ohm
line, it is important that the line be close to
this value. This requires 434-inch spaced No.
14 wire, 6-inch spaced No. 12 wire, or 334-inch
spaced No. 16 wire.

Long-Wire Antennas

An antenna will be resonant so long as an
integral number of standing waves of current
and voltage can exist along its length; in other
words, so long as its length is some integral
multiple of a half-wavelength. When the an-
tenna is more than a half-wave long it usually
is calded a long-wire antenna, or a harmonic
antenna.

Current and Voltage Distribution

Fig. 10-53 shows the current and voltage
distribution along a wire operating at its
fundamental frequency (where its length is
equal to a ha-wavelength) and at its second,
third and fourth harmonies. For example, if
the fundamental frequency of the antenna is 7
Mec., the current and voltage distribution will
be as shown at A. The same antenna excited at
14 Me. would have current and voltage dis-
tribution as shown at B. At 21 Me., the third
harmonic of 7 Mec., the current and voltage
distribution would be as in C; and at 28 Me.,
the fourth harmonie, as in D. The number of
the harmonic is the number of half-waves con-
tained in the antenna at the particular operat-
ing frequency.

The polarity of current or voltage in each
standing wave is opposite to that in the ad-
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Fig. 10-53 — Standing-wave current and voltage distri-
bution along an antenna when it is operated at vari-
ous harmonics of its fundamental resonant frequency,
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Fig. 10-54 — Curve A shows variation in radiation re-
sistance with antenna length. Curve B shows power in
lobes of maximum radiation for long-wire antennas as a
ratio to the maximum radiation for a half-wave antenna.

jacent standing waves. This is shown in the
figure by drawing the current and voltage
curves successively above and below the an-
tenna (taken as a zero reference line), to indi-
cate that the polarity reverses when the
current or voltage goes through zero. Currents
flowing in the same direction are in phase;
in opposite directions, out of phase.

It is evident that one antenna may be used
for harmonically-related frequencies, such as
the various amateur bands. The long-wire or
harmonic antenna is the basis of multiband
operation with one antenna,

Fig. 10-55 — Horizontal patterns of radiation from a
Jull-wave antenna. The solid line shows the pattern for a
vertical angle of 15 degrees; dotted lines show deviation
from the 15-degree pattern at 9 and 30 degrees. All three
patterns are drawn to the same relative scale; actual am-
plitudes will depend upon the height of the antenna.
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Physical Lengths

The length of a long-wire antenna is not an
exact multiple of that of a half-wave antenna
because the end effects operate only on the
end sections of the antenna; in other parts of
the wire these effects are absent, and the wire
length is approximately that of an equivalent
portion of the wave in space. The formula for
the length of a long-wire antenna, therefore, is

_ 492 (N—0.05)
Freq. (Mec.)

where N is the number of half-waves on the

Length (feet) (10-N)

~antenna.

Example: An antenna 4 half-waves long at 14.2
C S o 09 p2 3RS .'
Me. would be 402 (4 0.05) _ 492 X 3.95
14.2 14.2

= 136.7 feet, or 136 feet S inches.

It is apparent that an antenna cut as a half-
wave for a given frequency will be slightly off

3

S SPe

Fig. 10-56 — Horizontal patterns of radiation from an
antenna three half-waves long. The solid line shows
the pattern for a vertical angle of 15 degrees; dotted
lines show deviation from the 15-degree pattern at 9 and
30 degrees. Minor lobes coincide for all three angles.

resonance at exactly twice that frequency (the
second harmonic), because of the decreased in-
fluence of the end effects when the antenna is
more than one-half wavelength long. The effect
is not very important, except for a possible un-
balance in the feeder system and consequent
radiation from the feedline. If the antenna is
fed in the exact center, no unbalance will
occur at any frequency, but end-fed systems
will show an unbalance in all but one frequency
band, the band for which the antenna is cut.

Impedance and Power Gain
The radiation resistance as measured at a
current loop becomes larger as the antenna
length is increased. Also, a long-wire antenna
radiates more power in its most favorable di-
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rection than does a half-wave antenna in its
most favorable direction. This power gain is
secured at the expense of radiation in other
directions. Fig. 10-54 shows how the radiation
resistance and the power in the lobe of maxi-
mum radiation vary with the antenna length.

Directional Characteristics

As the wire is made longer in terms of the
number of half-wavelengths, the directional
effects change. Instead of the *“doughnut”
pattern of the half-wave antenna, the diree-
tional characteristic splits up into “lobes”
which make various angles with the wire. In
general, as the length of the wire is increased
the direction in which maximum radiation
occurs tends to approach the line of the an-
tenna, itself.

Directional characteristics for antennas one
wavelength, three half-wavelengths, and two
wavelengths long are given in Figs. 10-55,
10-56 and 10-57, for three vertical angles of
radiation. Note that, as the wire length in-
creases, the radiation along the line of the an-
tenna becomes more pronounced. Still longer
antennas can be considered to have practically
“end-on” directional characteristics, even at
the lower radiation angles.

Methods of Feeding

In a long-wire antenna, the currents in ad-
jacent half-wave sections must be out of phase,
as shown in Fig. 10-53. The feeder system must
not upset this phase relationship. This re-
quirement is met by feeding the antenna at
either end or at any current loop. A two-wire
feeder cannot be inserted at a current node,
however, because this invariably brings the
currents in two adjacent half-wave sections in

Multiband

As suggested in the preceding section, the
same antenna may be used for several bands
by operating it on harmonies. When this is
done it is necessary to use resonant feeders,
since the impedance matching for nonresonant
feeder operation can be accomplished
only at one frequency unless means are
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FI'ig. 10-57 — Ilorizontal patterns of radiation from an
antenna two wavelengths long. The solid line shows the
pattern for a vertical angle of 15 degrees; dotted lines
show deviation from the 15-degree pattern at 9 and 30
degrees. The minor lobes coincide for all three angles.

phase; if the phase in one section could be re-
versed, then the currents in the feeders neces-
sarily would have to be in phase and the feeder
radiation would not be canceled out.

No point on a long-wire antenna offers a
reasonable impedance for a direct match to
any of the common types of transmission lines.
The most common practice is to feed the an-
tenna at one end or at a current loop with a
low-loss open-wire line and accept the resulting
standing-wave ratio of 4 or 5. When a better
match is required, “stubs’ are generally used
(described later in this chapter).

Antennas

antenna center-fed with coaxial ecable on its
harmonies, Higher-impedance solid-dielectrie
lines such as 300-ohm Twin-Lead may be used,
however, provided the power does not exceed a
few hundred watts.

oo

A A

provided for changing the length of a
matching section and shifting the point at
which the feeder is attached to it.
Furthermore, the current loops shift to a new
position on the antenna when it is operated on
harmonies, further complicating the feed situa-
tion. It is for this reason that a half-wave an-
tenna which is center-fed by a rubber-insulated
line is practically useless for harmonic operation;
on all even harmonics there is a voltage maxi-
mum occurring right at the feed point, and the
resultant impedance mismatch iz so bad that
there is a large standing-wave ratio and conse-
quently high losses arise in the rubber dielectrie.
It is also wise not to attempt to use a half-wave

Turing

Apparatus

Fig. 10-58 — Practical arrangement of a shortened an-
tenna. The total length, 4 + B + B + A, should be a
half-wavelength for the lowest-frequency band, usually
3.5 Me. See Table 10-1I1 for lengths and tuning data.
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TABLE 10-I1
Multiband Resonant-Line Fed Antennas
Feeder
Antenna Type of
Lengih (f1) | "¢R&" A Teining
With end feed:

120 60 4-Me, ’phone| series

136 67 3.5-Mc. c.w. series
7 Me. parallel
14 Me. parallel
28 Me. parallel

134 67 3.5-Mc. c.w. series
T Me. parallel

67 33 7 Mec. .| series
14 Me. parallel
28 Me. parallel

With center feed:

137 67 3.5 Mec. parallel
7T Me. parallel
14 Me. parallel
28 Me. parallel
67.5 34 7 Me. parallel
14 Me. parallel
28 Me. parallel

The antenna lengths given represent compromises
for harmonic operation because of different end
effects on different bands. The 136-foot end-fed
antenna is slightly long for 3.5 Mec., but will work
well in the region that quadruples into the 14-Mec.
band (3500-3600 kc.). Bands not listed are not
recommended for the particular antenna. The cen-
ter-fed systems are less critical as to length.

On harmonics, the end-fed and center-fed anten-
nas will not have the same directional characteris-
tics, as explained in the text.

When the same antenna is used for work in
several bands, it must be realized that the
directional characteristic will vary with the
band in use.

Simple Systems

The most practical simple multiband an-
tenna is one that is a half-wavelength long at
the lowest frequency and is fed either at the
center or one end with an open-wire line.
Although the standing-wave ratio on the feed-
line will not approach 1.0 on any band, if the
losses in the line are low the system will be
efficient. From the standpoint of reduced feed-
line radiation, a center-fed system is superior
to one that is end-fed, but the end-fed arrange-
ment is often more convenient and should
not be ignored as a possibility. The center-fed
antenna will net have the same radiation
pattern as an end-fed one of the same length,
except on frequencies where the over-all length
of the antenna is a half-wavelength or less.
The end-fed antenna acts like a long-wire
antenna on all bands (for which it is longer
than a half-wavelength), but the center-fed
one acts like two antennas of half that length
fed in phase. For example, if a full-wavelength
antenna is fed at one end, it will have a radia-
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tion pattern as shown in Fig. 10-55, but if it
is fed in the center the pattern will be some-
what similar to Fig. 10-47, with the maximum
radiation broadside to the wire. Either an-
tenna is a good radiator, but if the radiation
pattern is a factor, the point of feed must be
considered.

Since multiband operation of an antenna
does not permit matching of the feedline,
some attention must be paid to the length of
the feedline if convenient  transmitter-cou-
pling arrangements are to be obtained. Table
10-IT gives some suggested antenna and feeder
lengths for multiband operation. In general,
the length of the feedline should be some
integral multiple of a quarter wavelength at
the lowest frequency.

Antennas for Restricted Space

If the space available for the antenna is not
large enough to accommodate the length nec-
essary for a half-wave at the lowest frequency
to be used, quite satisfactory operation can be
secured by using a shorter antenna and making
up the missing length in the feeder system.
The antenna itself may be as short as a quar-
ter wavelength and still radiate fairly well,
although of course it will not be as effective
as one a half-wave long. Nevertheless, such a

" system is useful where operation on the de-

sired band otherwise would be impossible.

Resonant feeders are a practical necessity
with such an antenna system, and a center-fed
antenna will give best all-around performance.
With end feed the feeder currents become
badly unbalanced.

With center feed practically any convenient
length of antenna can be used, if the feeder
length is adjusted to accommodate at least

TABLE 10-II1
Antenna and Feeder Lengths for Short
Multiband Antennas, Center-Fed
Feeder .

Antenna Length Band Jpe of
Length (ft.) (ft.) Tuning
100 a8 3.5 Me. parallel

7 Me. series

14 Me. series
28 Me. series or
parallel

67.5 34 3.5 Me. series
7 Me. parallel
14 Me, parallel
28 Mec. parallel
50 43 7 Me. parallel
14 Me. parallel
28 Mec. parallel
33 51 T Me. parallel
14 Me. parallel
28 Mec. parallel
33 31 7 Me. parallel

14 Mec. series
28 Me. parallel
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Fig. 10-59 — Folded arrangement for shortened an-
tennas. The total length is a half-wave, not including
the feeders. The horizontal part is made as long as con-
venient and the ends dropped down to make up the re-
uired length. The ends may be bent back on themselves
like feeders to cancel radiation partially. The horizontal
section should be at least a quarter wave long.

one half-wave around the whole system.

A -practical antenna of this type can be
made as shown in Fig. 10-58. Table 10-I1II
gives a few recommended lengths. However,
the antenna can be made any convenient
length, provided the total length of wire is a
half-wavelength at the lowest frequency, or an
integral multiple of a half-wavelength.

Bent Antennas

Since the field strength at a distance is pro-
portional to the current in the antenna, the
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high-current part of a half-wave antenna (the
center quarter wave, approximately) does
most of the radiating. Advantage can be
taken of this fact when the space available
does not permit erecting an antenna a half-
wave long. In this case the ends may be bent,
either horizontally or vertically, so that the
total length equals a half-wave, even though
the straightaway horizontal length may be as
short as a quarter wave. The operation is
illustrated in Fig. 10-59. Such an antenna will
be a somewhat better radiator than a quarter-
wavelength antenna on the lowest frequency,
but is not so desirable for multiband operation
because the ends play an increasingly im-
portant part as the frequency is raised. The
performance of the system in such a case is dif-
ficult to predict, especially if the ends are verti-
cal (the most convenient arrangement) because
of the complex combination of horizontal and
vertical polarization which results as well as
the dissimilar directional characteristics. How-
ever, the fact that the radiation pattern is in-
capable of prediction does not detract from the
general usefulness of the antenna.

Long-Wire Directive Arrays

@ THE “V”’ ANTENNA

It has been emphasized that, as the antenna
length is increased, the lobe of maximum ra-
diation makes a more acute angle with the

Transmussion line A Wave Directron

AB=CD

give good performance in multiband operation.
Angle @ is approximately equal to twice the
angle of maximum radiation for a single wire
equal in length to one side of the “V.”

The wave angle referred to in IFig. 10-61 is
the wvertical angle of maximum radiation.
Tilting the whole horizontal plane of the “V”
will tend to increase the low-angle radiation
off the low end and decrease it off the high
end.

The gain increases with the length of the

Fig. 10-60 — The basic **V”” antenna, made by com-  wo
&

bining two long wires. -

DESIGN CHART

wire. Two such wires may be combined in 109
the form of a horizontal “V” so that the g
main lobes from each wire will reinforce

P
(=]

\\ FOR HORIZONTAL “V*
\ (for maximum output)

along a line bisecting the angle between the

O

o

wires. This increases both gain and direc-

o
(=]

tivity, since the lobes in directions other

than along the bisector cancel to a greater
or lesser extent. The horizontal “V’’ an-

-
v

-
o

tenna therefore transmits best in either

[

o

direction (is bidirectional) along a line

)

bisecting the “V”’ made by the two wires.
The power gain depends upon the length of
the wires. Provided the necessary space is

wn
o

ENCLOSED ANGLE (©<) ~DEGREES
3

available, the “V’” is a simple antenna to
build and operate. It can also be used on

harmonics, so that it is suitable for multi- 4
band work. The “V’ antenna is shown in 2
Fig. 10-60.

Fig. 10-61 shows the dimensions that
should be followed for an optimum design
to obtain maximum power gain for different-
sized “V?” antennas. The longer systems

v

N
\\
~]
1@3°) 227 3(23°) 4(20°) 508°) 6(6%) 105 8(14*)

-
)
LENGTH (L) — WAVELENGTHS

Fig. 10-61 — Design chart for horizontal “V’’ antennas,
giving the enclosed angle between sides vs. the length of the
wires. Values in parentheses represent approximate wave
angle for height of one-half wavelength.
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wires, but is not exactly twice the gain for a
single long wire as given in Fig. 10-54. In the
longer lengths the gain will be somewhat
increased, because of mutual coupling between
the wires. A “V’”’ eight wavelengths on a leg,
for instance, will have a gain of about 12 db.
over a half-wave antenna, whereas twice the
gain of a single eight-wavelength wire would be
only approximately 9 db. ,

The two wires of the ““ V'’ must be fed out of
phase, for correct operation. A resonant line
may simply be attached to the ends, as shown
in IMig. 10-60. Alternatively, a quarter-wave
matching section may be employed and the
antenna fed through a nonresonant line.
If the antenna wires are made multiples of a
half-wave in length (use Equation 10-N for
computing the length), the matching section
will be closed at the free end. A stub can be
connected across the resonant line to provide
a matech, as described later.

@ THE RHOMBIC ANTENNA

The horizontal rhombic or “diamond” an-
tenna is shown in Fig. 10-62. Like the “V,”
it requires a great deal of space for erection,
but it is capable of giving excellent gain and
directivity. It also can be used for multiband
operation. In the terminated form shown in
Fig. 10-62, it operates like a nonresonant trans-
mission line, without standing waves, and is
unidirectional. It may also be used without
the terminating resistor, in which case there
are standing waves on the wires and the an-
tenna is bidirectional.

The important quantities influencing the
design of the rhombic antenna are shown in
Fig. 10-62. While several design methods may
be used, the one most applicable to the condi-
tions existing in amateur work is the so-called
‘““‘compromise’ method. The chart of Fig.
10-63 gives design information based on a
given length and wave angle to determine the
remaining optimum dimensions for best opera-
tion. Curves for values of length of two, three
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Fig. 10-63 — Compromise-method design chart for
rhombic antennas of various leg lengths and wave angles.
The following examples illustrate the use of the chart:
(1) Given:

Length (L) = 2 wavelengths.

Desired wave angle (A) = 20°.

To Find: H, &.
Method:

Draw vertical line through point a (L = 2 wave-
lengths) and point b on abscissa (A = 20°). Read
angle of tilt (®) for point a and height (H) from
intersection of line ab at point ¢ on curve H.

Result:
@ = 60.5°.
H = 0.73 wavelength.

(2) Given:
Length (L) = 3 wavelengths,
Angle of tilt (&) = 78°.
To Find: H, A.

Method:
Draw a vertical line from point d on curve L = 3
wavelengths at @ = 78°. Read intersection of

this line on curve H (point e) for height, and
intersection at point f on the abscissa for A.

Result:
H = 0.56 wavelength.
A = 20.6°.

and four wavelengths are shown, and any inter-
mediate values may be interpolated.

With all other dimensions correct, an increase
in length causes an increase in power gain and
a slight reduction in wave angle. An increase
in height also causes a reduction in wave angle
and an increase in power gain, but
not to the same extent as a propor-
tionate increase in length. For multi-
band work, it is satisfactory to design

Line E,’;?;;’ff,’” :é:/ff;%:;.s the rhombic antenna on the basis of
< DIRECTIVITY 14-Mec. operation, which will permit
RECEIVING work from the 7- to 28-Mec. bands as
_ﬁ().of‘ well.
dging A value of 800 ohms is correct for
the terminating resistor for any
. e 4508 properly-constructed rhombic,_ qnci
/ég:g,mﬁv the system beh_zwes as a pure resistive
e load under this condition. The ter-

{ AN A
7 e
SIDE ELEVATION

B =ANGLE OF TILT (DEGREES)
A = WAVE ANGLE (DEGREES)

Fig. 10-62 — The horizontal rhombic or diamond antenna, termi-
nated. Important design dimensions are indicated; details in text.

L= LENGTH OF ONE SIDE (WAVELENGTHS)
H= HEIGHT (WAVELENGTHS)

minating resistor must be capable of
safely dissipating one-half the power
output (to eliminate the rear pat-
tern), and should. be noninductive.
Such a resistor may be made up from
a carbon or graphite rod or from a
long 800-ohm transmission line using
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resistance wire. If the carbon rod or a similar
form of lumped resistance is used, the device
should be suitably protected from weather
effects, 1.¢., it should be covered with a good
asphaltic compound and sealed in a small light-
weight box or fiber tube., Suitable nonreactive
terminating resistors are also available com-
mercially.

For feeding the antenna, the antenna im-
pedance will be matched by an 800-ohm line,
which may be constructed from No. 16 wire
spaced 20 inches or from No. 18 wire spaced
16 inches. The 800-ohm line is somewhat
ungainly to install, however, and may be
replaced by an ordinary 600-ohm line with
only a negligible mismatch. Alternatively,
a matching section may be installed between
the antenna terminals and a low-impedance
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line. However, when such an arrangement is
used, it will be necessary to change the match-
ing-section constants for cach different band on
which operation is contemplated.

The same design details apply to the unter-
minated rhombic as to the terminated type.
When used without a terminating resistor, the
system is bidirectional. Resonant feeders are
preferable for the unterminated rhombic. A
nonresonant line may be used by incorporat-
ing a matching scetion at the antenna, but is
not readily adaptable to satisfactory multiband
work.

Rhombic antennas will give a power gain of
8 to 12 db. or more for leg lengths of two to
four wavelengths, when constructed according
to the charts given. In general, the larger the
antenna, the greater the power gain.

Directive Arrays with Driven Elements

By combining individual half-wave antennas
into an array with suitable spacing between
the antennas (called elements) and feeding
power tothem simultaneously, it is possible to
make the radiated fields from the individual
elements add in a favored direction, thus in-
creasing the field strength in that direction as
compared to that produced by one antenna
element alone. In other directions the fields
will more or less oppose each other, giving a
reduction in field strength. Thus a power gain
in the desired direction is secured at the ex-
pense of a power reduction in other directions.

Besides the spacing between elements, the in-
stantaneous direction of current flow (phase)

- 1/2 1 yz
(A) ;J t
e / — o
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Fig. 10-64 — Collinear half-wave antennas in phase. The sys-
tem’at A is generally known as ““two half-waves in phase.” B
is an extension of the system; in theory the number of elements
may be carried on indefinitely, but practical considerations

usually limit the elements to four.

in individual elements determines the directiv-
ity and power gain. There are several methods
of arranging the elements. If they are strung
end to end, so that all lie on the same straight
line, the elements are said to be collinear. If
they are parallel and all lying in the same
plane, the elements are said to be broadside
when the phase of the current is the same
in all, and end-fire when the currents are not
in phase. Elements that receive power from
the transmitter through the transmission line
are called driven elements.

The power gain of a directive system in-
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creases with the number of elements. The
proportionality between gain and number of
elements is not simple, however. The gain de-
pends upon the effect that the spacing and
phasing has upon the radiation resistance of the
elements, as well as upon their number.

Collinear Arrays

Simple forms of collinear arrays, with the
current distribution, are shown in Fig. 10-64,
The two-element array at A is popularly
known as ““two half-waves in phase.” It will
be recognized as simply a center-fed antenna
operated at its second harmonic. The way in
which the number of elements may be extended
for increased directivity and gain is shown in
Fig. 10-64B. Note that quarter-wave, phasing
sections are used between elements; these give
the reversal in phase necessary to make the
currents in individual antenna elements all
flow in the same direction at the same instant.
Any phase-reversing section may be
used as a quarter-wave matching sec-
tion for attaching a nonresonant feeder,
or a resonant transmission line may be
substituted for any of the quarter-wave
sections. Also, the antenna may be chd-
fed by any of the systems previously
described, or any element may be center-
fed. It is best to feed at the center of the
array, so that the energy will be dis-
tributed as uniformly as possible among the
elements.

The gain and directivity depend upon the.
number of elements and their spacing, center-
to-center. This is shown by Table 10-1V. Al-
though three-quarter wave spacing gives
greater gain, it is difficult to construct a suit-
able phase-reversing system when the ends of
the antenna elements are widely separated. For
this reason, the half-wave spacing is most gen-
erally used in actual practice. ‘

Collinear arrays may be mounted either
horizontally or vertically. Horizontal mount-
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TABLE 10-IV

Theoretical Gain of Collinear Half-Wave Antennas

Number of half-waves
Spacing betiween in array vs. gain in db.

centers of adjacent

half-war

alf-waves 9 3 4 5 6
15 wave 1833 45](53]6.2
34 wave 3.214816.0]7.0|7.8

ing gives increased horizontal directivity, while
the vertical directivity remains the same as for
a single element at the same height. Vertical
mounting gives the same horizontal pattern as
a single element, but concentrates the radiation
at low angles. 1t is seldom practicable to use
more than two elements wvertically at fre-
quencies below 14 Mec. because of the excessive
height required.

Broadside Arrays

Parallel antenna elements with currents in
phase may be combined as shown in Fig. 10-65
to form a broadside array, so named because

AL AL % 4
4—[ ; —r A/z - f — VZ -
Feeder Dot Do T

Fig. 10-65 — Broadside array using parallel half-wave
elements. Arrows indicate the direction of current flow.
Transposition of the feeders is necessary to bring the an-
tenna currents in phase. Any reasonable number of cle-
ments may be used. The array is bidirectional, with
maximum radiation “broadside” or perpendicular to the
antenna plane (perpendicularly through this page).

the direction of maximum radiation is broad-
side to the plane containing the antennas.
Again the gain and directivity depend upon
the number of elements and the spacing, the
gain for different spacings being shown in
Fig. 10-66. Half-wave spacing generally 1is
used, since it simplifies the problem of feeding
the system when the array has more than two
elements. Table 10-V gives theoretical gain
as a function of the number of elements with
half-wave spacing.

Broadside arrays may be suspended either
with the elements all vertical or with them
horizontal and one above the other (stacked).
In the former case the horizontal pattern be-
comes quite sharp, while the vertical pattern is
the same as that of one element alone. If the
array is suspended horizontally, the horizontal
pattern is equivalent to that of one element
while the vertical pattern is sharpened, giving
low-angle radiation.

Broadside arrays may be fed either by reso-
nant transmission lines or through quarter-
wave matching sections and nonresonant lines.
In Fig. 10-65, note the ‘“‘crossing over” of the
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feeders, which is necessary to bring the ele-
ments into proper phase relationship.

Combined Broadside and Collinear Arrays

Broadside and collinear arrays may be
combined to give both horizontal and vertical
directivity, as well as additional gain. The
general plan of constructing such antennas is
shown in Fig. 10-67. The lower angle of radia-
tion resulting from stacking elements in the
vertical plane is desirable at the higher fre-
quencies. In general, doubling the number of
elements in an array by stacking will raise the
gain from 2 to 4 db., depending upon whether
vertical or horizontal elements are used — that
15, whether the stacked elements are of the
broadside or collinear type.

The arrays in Fig. 10-67 are shown fed from
one end, but this is not especially desirable in
the case of large arrays. Better distribution of
energy between elements, and hence better
over-all performance, will result when the
feeders are attached as nearly as possible to the
center of the array. Thus, in the eight-element
array at A, the feeders could be introduced at
the middle of the transmission line between the
second and third set of elements, in which case
the connecting line would not be transposed
between the second and third set of elements.
Alternatively, the antenna could be constructed
with the transpositions as shown and the
feeder connected between the adjacent ends of
either the second or third pair of collinear
elements.

A four-element array of the general type
shown in Fig. 10-67B, known as the “lazy-H"
antenna, has been quite frequently used. This
arrangement is shown, with the feed point indi-
cated, in Fig. 10-68.

End-Fire Arrays

Fig. 10-69 shows a pair of parallel half-wave
elements with currents out of phase. This is
known as an end-fire array, because it radiates
best along the line of the antennas, as shown.

The end-fire array may be used either ver-
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Fig. 10-66 — Gain vs. spacing for two paralilel half-wave
elements combined as either broadside or end-fire arrays.
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Fig, 10-67 — Combination broadside and collinear ar-
rays. A, with vertical elements; B, with horizontal ele-
ments. Both arrays give low-angle radiation. Two or
more sections may be used. The gain in db. will be equal,
approximately, to the sum of the gain for one set of
broadside elements (Table 10-V) plus the gain of one set
of collinear elements (Table 10-IV). For example, in A
each broadside set has four elements (gain 7 db.) and
each collinear set two elements (gain 1.8 db.), giving a
total gain of 8.8 db. In B, each broadside set has two ele-
ments (gain 4 db.) and each collinear set three elements
(gain 3.3 db.), making the total gain 7.3 db. The resultis
not strictly accurate, because of mutual coupling be-
tween the elements, but is good enough for practical
purposes.

tically or horizontally (elements at the same
height), and is well adapted to amateur work
because it gives maximum gain with relatively
close element spacing. Fig. 10-66 shows how
the gain varies with spacing. End-fire elements
may be combined with additional collinear and
broadside elements to give a further increase in
gain and directivity.

N|>
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Fig. 10-68 — A four-element combination broadside-
collinear array, popularly known as the “lazy-H”
antenna. A closed quarter-wave stub may be used
at the feed point to match into a 600-ohm transmission
line, or resonant feeders may be attached at the point
indicated. The gain over a half-wave antenna is 5 to 6 db.

Either resonant or nonresonant lines may be
used with this type of array. Nonresonant lines
preferably are matched to the antenna through
a quarter-wave matching section or phasing
stub.

Phasing

Figs. 10-67 and 10-69 illustrate a point in
connection with feeding a phased antenna sys-
tem which sometimes is confusing. In Fig.
10-69, when the transmission line is connected
as at A there is no crossover in the line con-
necting the two antennas, but when the trans-
mission line is connected to the center of the
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connecting line the crossover becomes neces-
sary (B). This is because in B the two halves
of the connecting line are simply branches of
the same line. In other words, even though
the connecting line in B is a half-wave in
length, it is not actually a half-wave line but
two quarter-wave lines in parallel. The same
thing is true of the untransposed line of Fig.
10-67. Note that, under these conditions, the
antenna elements are in phase when the line
is not transposed, and out of phase when the
transposition is made. The opposite is the case
when the half-wave line simply joins two an-
tenna elements and does not have the feedline
connected to its center, as in Fig. 10-65.

Adjustment of Arrays
With arrays of the types just described,

using half-wave spacing between elements, it

e -———
e — — —
— ——— B

®) ® Hi

Fig. 10-69 — End-fire arrays using parallel half-wave
elements. The elements are shown with half-wave spac-
ing to illustrate feeder connections. In practice, closer
spacings are desirable, as shown by Fig. 10-66. Directicn
of maximum radiation is shown by the large arrows.

will usually suffice to make the length of each
element that given by Equations 10-I or 10-J.
The half-wave phasing lines between the
parallel elements should be of open-wire con-
struction, and their length can be calculated
from:

Length of half-wave line (feet) = (10-0)
480
Freq. (Mec.)
Example: A half-wavelength phasing line for
480

28.8 Mec. would be 5E% = 16.66 feet = 16 feet
8 inches, .

The spacing between elements can be made
equal to the length of the phasing line, No
special adjustments of line or element length
or spacing are needed, provided the formulas
are followed closely.

TABLE 10-V

Theoretical Gain vs. Number of Broadside
Elements (Half-Wave Spacing)

No. of elements Gain
2 4 db,
3 5.5
4 7
5 8
6 9




368

With collinear arrays of the type shown in
Fig. 10-64B, the same formula may be used
for the element length, while the length of the
quarter-wave phasing section can be found
from the following formula:

Length of quarter-wave line (feet) =
240
Freq. -(_1-\/—Ic_)
Example: A quarter-wavelength phasing line
240

.25

[

(10-P)

for 14.25 Me. would be = 16.84 feet = 16

feet 10 inches.

If the array is fed in the center it should not be
necessary to make any particular adjustments,
although, if desired, the whole system can be
resonated by connecting an r.f. ammeter in the
shorting link of each phasing section and mov-
ing the link back and forth to find the maxi-
mum-current position. This refinement is
hardly necessary in practice, however, so long
as all elements are the same length and the
system is symmetrical.

CHAPTER 10

The phasing sections can be made of 300-
ohm Twin-Lead, if low power is used. How-
ever, the lengths of the phasing sections must
be only 84 per cent of the length obtained in
the two formulas above,

Example: The half-wavelength line for 28.8

Me. would become 0.84 X 16.66 = 13.99 feet =
14 feet O inches.

Using Twin-Lead for the phasing sections is
most useful in arrays such as that of Tig.
10-64B, or any other system in which the ele-
ment spacing is not controlled by the length
of the phasing section.

Simple Arrays

Several simple directive-antenna systems
using driven elements have achieved rather
wide use among amateurs. Four of these sys-
tems are shown in Fig. 10-70. Tuned feeders
are assumed in all cases; however, a matching
section readily can be substituted if a non-
resonant transmission line is preferred. Di-
mensions given are in terms of wavelength;
actual lengths can be calculated from the
equations for the antenna and from the equa-
tion above for the resonant transmission line
or matching section. In cases where the trans-
mission line proper connects to the midpoint
of a phasing line, only half the length of the
latter should be added to the line to find the
quarter-wave point.

At A and B are two-element end-fire arrange-
ments using close spacing. They are electrically
equivalent; the only difference is in the method
of connecting the feeders. B may also be used
as a four-element array on the second har-
monie, although the spacing is not quite op-
timum (Fig. 10-66) for such operation.

A close-spaced four-element array is shown

at C. It will give about 2 db.

- b
® n{
Y
- ® "/I H:
o ¥
A
© “{s H::
0.64 A 0.64A

more gain than the two-element

0 | lf‘
J 11
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Fig. 10-70 — Simple directive-antenna systems. A is a
two-element end-fire array; B is the same array with
center feed, which permits use of the array on the second
harmonic, where it becomes a four-element array with
quarter-wave spacing. C is a four-element end-fire array
with Y{-wave spacing. D is a simple two-element broad-
side array using extended in-phase antennas (Textended
double-Zepp™). The gain of A and B is slightly over 4 db.
‘On the second harmonic, B will give about 5-db. gain.
With C, the gain is approximately 6 db., and with D,
approximately 3 db. In A, B and C, the phasing line
contributes about }§ wavelength to the transmis-
sion line; when B is used on the second harmonie,
this contribution is 1§ wavelength. Alternatively, the
antenna ends may be bent to meet the transmission line,
in which case each feeder is simply connected to one
antenna. In D, points Y-Yindicate a quarter-wave point
(high current) and X-X a half-wave point (high volt-
age). The line may be extended in multiples of quarter
waves if resonant feeders are to be used. A, B and
C may be suspended on wooden spreaders. The plane
containing the wires should be parallel to the ground.

array.

The antenna at D, commonly known as the
“extended double-Zepp,” is designed to take
advantage of the greater gain possible with
collinear antennas having greater than half-
wave center-to-center spacing, but without
introducing feed complications. The elements
are made longer than a half-wave in order to
bring this about. The gain is 3 db. over a single
half-wave antenna, and the broadside direc-
tivity is fairly sharp.

The antennas of A and B may be mounted
either horizontally or wvertically; horizontal
suspension (with the elements in a plane paral-
lel to the ground) is recommended, since this
tends to give low-angle radiation without an
unduly sharp horizontal pattern. Thus these
systems are useful for coverage over a wide
horizontal angle. The system at C, when
mounted horizontally, will have a sharper hor-
izontal pattern than the two-element arrays
because of the effect of the collinear arrange-
ment. The vertical pattern, however, will be
the same as that of the antennas in A and B.
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Matching the Antenna to the Line

Except in the several cases of half-wave
antennas mentioned earlier, most antenna
systems do not have center impedances that
readily match open-wire lines or available
solid-dielectric ones. However, any antenna
can be matched to practically any line by any
of the several means to be described. The
matching is accomplished by first resonating
the antenna to the proper frequency and then
introducing either a matching transformer be-
tween the antenna and the line or by applying
corrective stubs to the line.
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Fig. 10-71 — The “Q’’antenna, using a quarter-wave in-
pedance-matching section with close-spaced conductors.

An impedance mismatch of 10 or 20 per cent,
is of little consequence so far as power trans-
fer to the antenna is concerned. It is relatively
easy to get the standing-wave ratio down to
1.5- or 2-to-1, a perfectly satisfactory condition
in practice. Of considerably greater importance
is the necessity for getting the currents in the
two wires balanced, both as to amplitude and
phase. If the currents are not the same at
corresponding points on adjacent wirds and
the loops and nodes do not also occur at cor-
responding points, there will be considerable
radiation loss. Perfect balance can be brought
about only by perfect symmetry in the line,
particularly with respect to ground. This
symmetry should extend to the coupling ap-
paratus at the transmitter.

_ In the following discussion of ways in which
different types of lines may be matched to the
antenna, a half-wave antenna is used as an ex-
ample. Other tvpes of antennas may be

- treated by the same methods, making due
allowance for the order of impedance that ap-
pears at the end of the line when more elabo-
rate systems are used,

"'Q’’-Section Transformer

The impedance of a two-wire line of ordinary
construction (400 to 600 ohms) can be matched
to the impedance of the center of a half-wave
antenna by utilizing the impedance-transform-
ing properties of a quarter-wave line, Equation
10-B. The matching section must have low
surge impedance and therefore is commonly
construeted of large-diameter conductors such
as aluminum or copper tubing, with fairly-
close spacing. This system is known as the “Q”

antenna. It is shown in Fig. 10-71. Important
dimensions are the length of the antenna itself,
the length of the matching section, B, the
spacing between the two conductors of the
matching section, €, and the impedance of
the untuned transmission line connected to
the lower end of the matching section.

The required characteristic impedance for
the matching section is

' Zm = VZ1Z, (10-B)

where Z, and Zs are the antenna and feedline
Impedances.

Example: To match a 600-ohm line to an an-
tenna presenting a 72-ohm load, the quarter-
wave matching section would require a charac-

teristic impedance of V72 X 600 = \/43,200

= 208 ohms.
The spacings between conductors of various
sizes of tubing and wire for different surge im-
pedances are given in graphical form in Fig.
10-14. With Y%-inch tubing, the spacing
should be 1.5 inches for an impedance of 208
ohms,

The length of the matching section, B,
should be equal to a quarter wavelength, and
is given by Equation 10-G. The length of the
antenna can be calculated from Equations 10-1
or 10-J.

This system has the advantage of the sim-
plicity of adjustment of the 75-ohm feeder
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Fig. 10-72 — Antenna systems with quarter-wave open-
wire linear impedance-matching transformers.

system and at the same time the superior in-

‘sulation of an open-wire system.

Linear Transformers
Fig. 10-72 shows two methods of coupling a
nonresonant line to an antenna through a
quarter-wave linear transformer or matching
section. In the case of the center-fed antenna,
the free end of the matching section, 3, is open
(high impedance) if the other end is connected
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to a low-impedance point (current loop) on the
antenna. With the end-fed antenna, the free

end of the matching section is closed through

a shorting bar or link; this end of the section
has low impedance, since the other end is con-
nected to a high-impedance point on the
antenna.

When the connection between the matching
section and the antenna is unbalanced, as in
the end-fed system, it is important that the
antenna be the right length for the operating
frequency if a good match is to be obtained.
The balanced center-fed system is less critical
in this respect. The shorting-bar method of
tuning the center-fed system to resonance may
be used if the matching section is extended to
a half-wavelength, bringing a current loop at
the free end.

In the center-fed system, the antenna and
matching section should be cut to lengths
found from Equations 10-I, 10-N and 10-P.
Any necessary on-the-ground adjustment can
be made by adding to or clipping off the open
ends of the matching section. In the end-fed
system the matching section can be adjusted

Sending End

S x—]

Fig. 10-73 — When antenna and transmission line differ
in impedance, they may be matched by a short length
of transmission line, Y, called a stub. Determination of
the critical dimensions, X and Y, for proper matching
depends on whether the stub is open or closed at the end.

by making the line a little longer than neces-
sary and adjusting the system to resonance
by moving the shorting link up and down.
Resonance can be determined by exciting the
antenna at the proper frequency from a
temporary antenna near by and measuring
the current in the shorting bar by a low-range
r.f. ammeter or galvanometer using one of the
devices of this type described in the chapter on
measurements. The position of the bar should
be adjusted for maximum current reading. This
should be done before the transmission line is
attached to the matching section.

The position of the line taps will depend
upon the impedance of the line as well as on the
antenna impedance at the point of connection.
The procedure is to take a trial point, apply
power to the transmitter, and then check the
transmission line for standing waves. This can
be done by measuring the current in, or voltage
along, the wires. At any one position along the
line the currents in the two wires should be
identical. Readings taken at intervals of a

CHAPTER 10

8

7 \ /

6

Distance from

S 5| 16”7 th of \ L current naie =
= Shorted stubh ;\ / ;’r;e;.,f’cgfq
o N /
< N
3 \\ 7/
2, ./
= 7~
3 i <~ B—
NS
[

0

02 04 06 08 .10 42 14 e .8 .20 22 .24 26
LENGTH IN WAVELENGTHS

Fig. 10-74 — Graph for determining position and length
of a shorted stub, Dimensions may be converted to linear
units after values have been taken from the graph.

quarter wavelength will indicate whether or
not standing waves are present.

It will not usually be possible to obtain
complete elimination of standing waves when
the matching stub is exactly resonant, but the
line taps should be adjusted for the smallest
obtainable standing-wave ratio. Then a further
“touching up’” of the matching-stub tuning
will eliminate the remaining standing waves,
provided the adjustments are carefully made.
The stub must be readjusted, because when
resonant it exhibits some reactance as well as
resistance at all points except at the ends, and
a slight lengthening or shortening of the stub
is necessary to tune out this reactance.

Matching Stubs

The operation of the quarter-wave matching
transformer of Fig. 10-72 may be considered
from another —and more general — view-
point.s Suppose that section C is looked upon
simply as a continuation of the transmission
line. Then the “free’” end of the transformer
becomes a ‘‘stub’ line, shunting a section of
the main transmission line. From this view-
point, matching the line to the antenna be-
comes a matter of selecting the right type and
length of stub and attaching it to the proper
spot along the line.

Referring to Fig. 10-73, at any distance (X)
from the antenna, the line will have an imped-
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Fig. 10-75 — Graph for determining position and length
of an open stub. Dimensions may be converted to
linear units after values have been taken from the graph.
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ance that may be considered to be made up
of reactance (either inductive or capacitive)
and resistance, in parallel. The reactive com-
ponent can be eliminated by shunting the line
at distance X from the antenna with another
reactance equal in value but opposite in sign
to the reactance presented by the line at that
point. If distance X is such that the line pre-
sents an inductive reactance, a corresponding
shunting capacitive reactance will be required.

The required compensating reactance may
be supplied by shunting the line with a stub
cut to proper length, Y. With the reactances
canceled only a pure resistance remains as a
termination for the remainder of the line be-
tween the sending end and the stub, and this
resistance can be adjusted to match the
characteristic impedance of the line by ad-
justing the distance X.

Distances X and Y may be determined
experimentally, but since their wvalues are
interdependent the cut-and-try method is
somewhat laborious. If the standing-wave
ratio and the positions of the current loops and
nodes can be measured, the length and position
of the stub can be found from Figs. 10-74 and
10-75.

While it is relatively easy to locate the posi-
tion of the current (or voltage) loops and nodes
by examining the line with a neon bulb, r.f.
galvanometer, or pick-up loop and crystal de-
tector, other means are more direct for deter-
mining the standing-wave ratio. Several de-
vices of this type are described in Chapter
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Sixteen, and the use of these also affords a sim-
ple method for determining the location of
current loops (voltage nodes). With the meter
or indicator in the line near the transmitter,
points will be found on the transmission line
where touching the line with a screwdriver will
have a minimum effect on the meter indica-
tion. These points correspond to voltage nodes.

Once the standing-wave ratio is known, the
length and position of the stub, in terms of
wavelength, can be found directly from Figs.
10-74 and 10-75. The wavelength in feet for
any frequency can be found from Equation
10-0.

Measuring Standing Waves

In adjusting a “Q-match’ or linear trans-
former, or a delta or “T"’-match to an antenna,
one of the standing-wave indicators described
in Chapter Sixteen should be used. If 300-ohm
Twin-Lead is used, the simple ““twin-lamp””
indicator is the most convenient and the sim-
plest to use. I'or lines of other impedance, or
for coaxial line, the Micro-Match type or the
bridge type should be used. In any event, the
absolute value of standing-wave ratio is not
as important as the proper adjustment for a
minimum ratio, since ratios of 1.5-to-1 or less
represent good amateur practice.

Where two-wire lines are used, the standing-
wave-ratio indicator should give the same
reading regardless of the polarity of the trans-
mission line — any diserepancy indicates an
unbalance in the line.

Directive Arrays with Parasitic Elements

Parasitic Excitation

The antenna arrays previously described are
bidirectional; that is, they will radiate in di-
rections both to the “front” and to the “back”
of the antenna system. If radiation is wanted
in only one. direction, it is necessary to use
different element arrangements. In most of these
arrangements the additional elements receive
power by induction or radiation from the
driven element, generally called the ‘““antenna,”
and reradiate it in the proper phase relation-
ship to achieve the desired effect. These ele-
ments are called parasitic elements, as con-
trasted to the driven elements which receive
power directly from the transmitter through
the transmission line. They are widely used to
give additional gain and directivity to simple
antennas.

The parasitic element is called a director
when it reinforces radiation on a line pointing
to it from the antenna, and a reflector when the
reverse is the case. Whether the parasitic ele-
ment is a director or reflector depends upon the
parasitic-element tuning (which usually is ad-
justed by changing its length) and, particularly
when the element is self-resonant, upon the
spacing between it and the antenna.
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Fig. 10-76 — Gain vs. element spacing for an antenna
and one parasitic element. The reference point, 0 db., is
the field strength from a half-wave antenna alone. The
greatest gain is in direction A at spacings of less than
0.14 wavelength, and in direction B at greater spacings.
The front-to-back ratio is the difference in db. between
curves A and B. Variation in radiation resistance of the
driven element also is shown. These curves are for a self-
resonant parasitic element. At most spacings the gain as
a reflector can be increased by slight lengthening of the
parasitic element: the gain as a director can be increased
by shortening. This also improves the front-to-hack ratio.
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Gain vs. Spacing

The gain of an antenna-reflector or an an-
tenna-director combination varies chiefly with
the spacing between the elements. The way in
which gain varies with spacing is shown in

Fig. 10-76, for the special case of self-resonant -

parasitic elements. This chart also shows how
the attenuation to the “rear’ varies with spac-
ing. The same spacing does not necessarily give
both maximum forward gain and maximum
backward attenuation. Backward attenuation
is desirable when the antenna is used for re-
ceiving, since it greatly reduces interference
coming from the opposite direction to the de-
sired signal.

Element Lengths

The antenna length 1s given by the formula
for a half-wavelength antenna. The director
and reflector lengths must be determined ex-
perimentally for maximum performance. The
preferable method is to aim the antenna at a
receiver a mile or more distant and have an
observer check the signal strength (on the re-
ceiver S-meter) while the reflector or direc-
tor is adjusted a few inches at a time, until the
length which gives maximum signal is found.
The attenuation may be similarly checked, the
length being adjusted for minimum signal. In
general, for best front-to-back ratio the length
of a director will be about 4 per cent less than
that of the antenna. The reflector will be about
5 per cent longer than the antenna.
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Fig. 10-77 — Half-wave antennas with parasitic ele-
ments. A, with director; B, with reflector; C, with both
director and reflector; D, two directors and one reflector.
Gain is approximately as shown by Fig. 10-70, in the first
two cases, and depends upon the spacing and length of
the parasitic element. In the three- and four-element
arrays a reflector spacing of 0.15 wavelength will
give slightly more gain than 0.l-wavelength spacing.
Arrows show the direction of maximum radiation,
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Simple Systems: the Rotary Beam

Four practical combinations of antenna,
reflector and director elements are shown in
Fig. 10-77. Spacings which give maximum gain
or maximum front-to-back ratio (ratio of
power radiated in the desired direction to
power radiated in the opposite direction) may
be taken from Fig..10-76. In the chart, the
front-to-back ratio in db. will be the sum of
gain and attenuation at the same spacing.

sSystems of this type are popular for rotary-
beam antennas, where the entire antenna sys-
tem is rotated, to permit its gain and directiv-
ity to be utilized for any compass direction.
They may be mounted either horizontally
(with the plane containing the elements paral-
lel to the earth) or vertieally.

Arrays using more than one parasitic ele-
ment, such as those shown at C and D in Fig.
10-77, will give more gain and directivity than
is indicated for a single reflector or director
by the curves of Fig. 10-76. The gain with a
properly-adjusted three-element array (an-
tenna, director and reflector) will be 5 to 7
db. over a half-wave antenna. Somewhat higher
gain still can be secured by adding a second
director to the system, making a four-element .
array. The front-to-back ratio is correspond-
ingly improved as the number of elements is
increased.

The elements in close-spaced (less than one-
quarter wavelength element spacing) arrays
preferably should be made of tubing of one-
half to one-inch diameter. A conductor of
large diameter not only has less ohmic re-
sistance but also has lower €; both these
factors are important in close-spaced arrays
because the impedance of the driven element
usually is quite low compared to that of a
single half-wave dipole. With 3- and 4-element
arrays the radiation resistance of the driven
element may be as low as 6 or 8 ohms, so that
ohmic losses in the conductor can consume an
appreciable fraction of the power. Low radia-
tion resistance means that the antenna will
work over only a small frequency range with-
out retuning unless large-diameter conductors
are used. In addition, the antenna clements
should be rigid because if they arc free to move
with respeet to each other, the array will tend
to show troublesome detuning effects under
windy conditions.

Feeding Close-Spaced Arrays

While any of the usual methods of feed may
be applied to the driven element of a parasitic
array, the fact that, with close spacing, the
radiation resistance as measured at the center
of the driven element drops to a very low value
makes some systems more desirable than others.
The preferred methods are shown in Fig.
10-78. Resonant feeders are not recommended
for lengths greater than a half-wavelength.

The quarter- or half-wave matching stubs
shown at A and B in Fig. 10-78 preferably
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Fig. 10-78 — Recommended methods of feeding the
driven antenna element in close-spaced parasitic arrays.
The parasitic elements are not shown. A, quarter-wave
open stub; B, half-wave closed stub: C, concentrie-line
quarter-wave matching section; D, delta matching
transformer; E, “T” matching transformer. Adjustment
details are discussed in the text.

should be constructed of tubing with rather
close spacing, in the manner of the “Q’’ see-
tion. This lowers the impedance of the match-
ing section and makes the position of the
line taps somewhat less difficult to determine
accurately. The line adjustment should be
made only with the parasitic elements in
place, and after the correct element lengths
have been determined it should be checked to
compensate for changes likely to occur because
of element tuning.

The concentric-line matching section at C
will work with fair aceuraecy into a close-spaced
parasitic array of 2, 3 or 4 elements without
necessity for adjustment. The line is used as
an impedance-inverting transformer, and, if
its characteristic impedance is 70 ohms (RG-
11/1), it will give a good match to a 600-ohm
line when the resistance at the termination is
.about 8.5 ohms. Over a range of 5 to 15 ohms
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the mismatch, and therefore the standing-
wave ratio, will be less than 2-to-1. The length
of the quarter-wave section may be calculated
from Iquation 10-G.

The delta matching transformer shown at D
is probably ecasier to install, mechanically,
than any of the others. The positions of the

“taps (dimension @) must be determined ex-

perimentally, along with the length, b, by
checking the standing-wave ratio on the line
as adjustments are made. Dimension b should
be about 15 per cent longer than a.

The system shown at E (““T”-match) re-
sembles the delta match in principles of opera-
tion. It has the advantage that, with close
spacing between the two parallel conductors,
line radiation from the matching section is
negligible whereas radiation from a delta mayv
be considerable. It is adjusted by moving the
shorting bars, keeping them equidistant from
the center, until there are no standing waves
on the line. The matching section may be made
of the same type of conductor used for the
driven element and spaced a few inches from it.

The ‘‘folded-dipole” type of antenna may
be used as the driven element of a close-
spaced parasitic array to secure an impedance
step-up to the transmission line and also to
broaden the resonance curve of the antenna.
The folded dipole consists of two or more
half-wave antennas connected together at the
ends with the feeder connected to the center of
only one of the antennas. The spacing be-
tween the parallel antennas should be small —
of the order of the spacing used between wires
of a transmission line. The current in the sys-
tem divides in approximate proportion to the
areas of the conductors, resulting in an im-
pedance step-up at the input terminals. With
two similar conductors (equal areas) the im-
pedance step-up is 4-to-1; if there are three
similar conductors (or if the one not connected
to the transmission line has twice the diameter
of the other) the step-up is 9-to-1; if the ratio
of the areas is 3-to-1 the step-up is 16-to-1, and -
so on. Thus if a 3-conductor dipole (all condue-
tors the same diameter) is used as the driven
element of a four-clement parasitic array the
center impedanece of approximately 8 ohms is
multiplied by 9 and appears as approximately
72 ohms at the input terminals. Such a system
therefore can be fed directly from a 70-ohm
line with no additional means for matching.

Fig. 10-80 shows the impedance step-up
obtained in a folded dipole when conductors of
different sizes are used.

Sharpness of Resonance

Peak performance of a multielement para-
sitic array depends upon proper phasing or
tuning of the elements, which ean be exact for
one frequency only. In the case of close-spaced
arrays, which because of the low radiation
resistance usually are quite sharp-tuning, the
frequency range over which optimum results
can be secured is only of the order of 1 or 2
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Fig. 10-79 — Some suggested antenna systems. A —
Simple bidirectional rotatable end-fire array wusing
Lg-wave spacing between out-of-phase elements. It is
suitable for either 14 or 28 Mec. and can be hand-rotated.
It can also be suspended from the halyard holding
another antenna, as suggested in the lower drawing. B —
Folded dipole using 300-ohm Twin-Lead for both an-
tenna and feeder. The junction X at the center is made
by opening one conductor of the antenna section and
soldering to the feeder leads. The joint may be made
mechanically firm by heating the dielectric with a
soldering iron, using extra bits of dielectric for a good
bond. C — An end-fire array for use where space is

Lightweight wooden spreader

L diameter of -
upper conductor

Sleeves for
adjustment of

‘ [

o Straps

(D)

limited. The ends of the two half-wave elements are
folded to meet at an insulator in the center. The antenna
may be made still shorter by increasing the spacing;
spacings up to Y4 wavelength may be used. D — Pipe-
assembly three-element beam (“plumber’s delight”)
with folded-dipole driven element. Because all three
elements are at the same r.f. potential at their centers
it is possible to join them electrically as well as mechani-
cally with no effect on the performance. Provision is
made for adjusting the element lengths for optimum
performance at a given frequency. E — An extension of
the folding principle shown in C. The collinear in-phase
elements give additional gain and directivity. I' — End-
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fire array with extended double-Zepps. This antenna
should give a gain of about 7 db. in the direction per-
pendicular to the line of the antenna. G — An 8-clement
array combining broadside, end-fire and collinear ele-
ments. The gain of an antenna of this type is about 10
db. This antenna also can be used at half the frequency
for which it is designed. H — A three-quarter wave-
length folded antenna offers a fairly-close match for a
500- or 600-ohm open-wire line. Its pattern is quite
similar to a half-wavelength antenna. Note that, unlike
the half-wavelength folded dipole, the far side is open
at the center. I — Using two half-wave antennas at right
angles to change direction. With the three feeders indi-

wired to wood
spreader

. SUGGESTED CONSTRUCTION

AT CENTER
for E-F-G
@)

<

5N

cated, either antenna alone can be fed as a Zepp and will
radiate best perpendicular to its direction. By feeding
the two together, lecaving the third feeder wire idle, the
optimum direction is tl:: bisector of the angle between
the wires. This system is most useful at high frequencies.

In these drawings, wavelength dimensions on con-
ductors refer to lengths calculated for the conductor size
as described in Equation 10-J. Dimensions between
elements are free-space dimensions.

The feeders to the various directive systems in A, C,
E, I and G must be tuned if used as shown. For one-
band operation, matching stubs may be attached to the
feeders if a matched line is desired.
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Fig. 10-80 — Nomogram for computing impedance
step-up in a folded dipole with dissimilar conductors.
The line at the left is the ratio of conductor diameters,
and the line at the right is the ratio of conductor spacing
(¢enter-to-center) to the driven-element radius. The
solid slanting line is the impedance step-up ratio. Laying
a straightedge between any two known quantities will
give the value of the third.

Example: Find the diameter of the large con-
ductor when the driven-element diameter is 0.5
inch, line impedance 300 ohms, antenna im-
pedance 40 ohms, and spacing 1.75 inches.

Impedance step-up required = 300/40 = 7.5

Spacing-to-element-radius ratio = 1.75/0.25

=7

Laying a straightedge across the figure (dashed

line), ratio of conductor diameters = 2.3

Diameter of large conductor = 2,3 X 0.5 =

1.15 inches

per cent of the resonant frequency, or up to
about 500 ke. at 28 Me. However, the antenna
can be made to work satisfactorily over a
wider frequency range by adjusting the direc-
tor or directors to give maximum gain at the
highest frequency to be covered, and by ad-
justing the reflector to give optimum gain at
the lowest frequency. This sacrifices some gain
at all frequencies, but maintains more uniform
gain over a wider frequency range.

As mentioned in the preceding paragraphs,
the use of large-diameter conductors will
broaden the response curve of an array be-
cause the larger diameter lowers the Q. This
causes the reactances of the elements to change
rather slowly with frequency, with the result
that the tuning stays near the optimum over
a considerably-wider frequency range than is
the case with wire conductors.

Combination Arrays

It is possible to combine parasitic elements
with driven elements to form arrays composed
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of collinear driven and parasitic elements and
combination broadside-collinear-parasitic ele-
ments. Thus two or more collinear elements
might be provided with a collinear reflector or
director set, one parasitic element to each
driven element. Or both directors and reflec-
tors might be used. A broadside-collinear array
could be treated in the same fashion.

When combination arrays are built up, a
rough approximation of the gain to be ex-
pected may be obtained by adding the gains
for each type of combination. Thus the gain of
two broadside sets of four collinear arrays with
a set of reflectors, one behind each element, at
quarter-wave spacing for the parasitic ele-
ments, would be estimated as follows: From
Table 10-1V, the gain of four collinear elements
is 4.5 db. with half-wave spacing; from Fig.
10-66 or Table 10-V, the gain of two broadside
elements at half-wave spacing is 4.0 db.; from
Fig. 10-76, the gain of a parasitic reflector at
quarter-wave spacing is 4.5 db. The total gain
is then the sum, or 13 db. for the sixteen ele-
ments. Note that using two sets of elements in
broadside is equivalent to using t wo elements, so
far as gain 1s concerned; similarly with sets of
reflectors, as against one antenna and one re-
flector. The actual gain of the combination
array will depend, in practice, upon the way
in which the power is distributed between the
various elements and upon the effect which
mutual coupling between elements has upon
the radiation resistance of the array, and may
be somewhat higher or lower than the estimate.

A great many directive-antenna combina-
tions can be worked out by combining ele-
ments according to these principles.

@ RECEIVING ANTENNAS

Nearly all of the properties possessed by an
antenna as a radiator also apply when it is
used for reception. Current and voltage dis-
tribution, impedance, resistance and direc-
tional characteristics are the same in a receiv-
ing antenna as if it were used as a transmitting
antenna. This reciprocal behavior makes pos-
sible the design of a reeeiving antenna of
optimum performance based on the same
considerations that have been discussed for
transmitting antennas.

The simplest receiving antenna is a wire of
random length. The longer the wire, the more
energy it abstracts from the wave. Because of
the high sensitivity of modern receivers, a
large antenna is not necessary for picking up
signals at good strength. An indoor wire only
15 to 20 feet long will serve at frequencies
below the v.h.f. range, although a longer wire
outdoors 1s better.

The use of a tuned antenna improves the
operation of the receiver, however, because the
signal strength is raised more in proportion to
the stray noises picked up than is the case
with wires of random length. Since the trans-
mitting antenna usually is given the best loca-
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Fig. 10-81 — Antenna-switching arrangements for various types of antennas and coupling systems. A — For tuned
lines with separate antenna tuners or low-impedance lines. B — For a voltage-fed antenna. C — For a tuned line

with a single antenna tuner. D — For a voltage-fed antenna with a single tuner.

I — For two tuned-line antennas

with a tuner for each antenna or for two low-impedance lines. F — For combinations of several two-wire lines.

tion, it can also be expected to serve best for
recelving. This is especially true when a direc-
.tive antenna is used, since the directional ef-
fects and power gain of directive transmitting
antennas are the same for receiving as for
transmitting.

In selecting a directional receiving antenna it
is preferable to choose a type that gives very
little response in all but the desired direction
(small minor lobes). This is even more irhpor-
tant than high gain in the desired direction,
because the cumulative response to noise and
unwanted-signal interference in the smaller
lobes may offset the advantage of increased
desired-signal gain. The feedline from the an-
tenna should be balanced so that it will not
pick up signals and destroy the directivity.

Antenna Switching

Switching of the antenna from receiver to
transmitter is commonly done with a change-
over relay, connected in the antenna leads or
the coupling link from the antenna tuner.
If the relay is one with a 115-volt a.c. coil, the
switch or relay that controls the transmitter
plate power will also control the antenna relay.
If the convenience of a relay is not desired,
porcelain knife switches can be used and
thrown by hand.

Typical arrangements are shown in Fig.
10-81. Tf coaxial line is used, the use of a
coaxial relay is recommended, although on the
lower-frequency bands a regular switeh or
change-over relay will work almost as well.

Antenna Construction

The use of good materials in the antenna
system is important since the antenna is
exposed to wind and weather. To keep clee-
trical losses low, the wires in the antenna and
feeder system must have good conductivity
and the insulators must have low dielectrice loss
and surface leakage, particularly when wet.

For short antennas, No. 14 gauge hard-drawn
enameled copper wire is a satisfactory conduc-
tor. For long antennas and directive arrays,
No. 14 or No. 12 enameled copper-clad steel
wire should be used. It is best te make fecders
and mateching stubs of ordinary soft-drawn No.
14 or No. 12 enameled copper wire, since hard-
drawn or copper-clad steel wire is difficult to
handle unless it is under censiderable tension
at all times. The wires should be all in one piece;
where a joint cannot be avoided, it should be
carefully soldered.

In building a resonant two-wire feeder, the

spacer insulation should be of as good quality
as in the antenna insylators proper. For this
reason, good eceramic spacers are advisable.
Wooden dowels boiled in paraffin may be used
with untuned lines, but their use is not recom-
mended for tuned lines. The wooden dowels
can be attached to the feeder wires by drilling
small holes and binding them to the fecders
with wire. 5

At points of maximum voltage, insulation is
most important, and Pyrex glass, Isolantite or
steatite insulators with long leakage paths are
recommended for the antenna. Glazed porce-
lain also is satisfactory. Insulators should be
cleaned once or twice a year, especially if they
are subjected to much smoke and soot.

In most cases poles or masts are desirable
to lift the antenna clear of surrounding build-
ings, although in some locations the antenna
will be sufficiently in the clear when strung
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Fig. 10-82 — Details of a simple 40-foot “A’” -frame mast
suitable for erection in locations where space is limited.

from one chimney to another or from a chim-
ney to a tree. Small trees usually are not satis-
factory as points of suspension for the antenna
because of their movement in windy weather.
If the antenna is strung from a point near
the center of the trunk of a large tree, this
difficulty is not so serious. Where the antenna
wire must be strung from one of the smaller
branches, it is best to tie a pulley firmly to the
branch and run a rope through the pulley to
the antenna, with the other end of the rope at-
tached to a counterweight near the ground.
The counterweight will keep the tension on the
antenna wire reasonably constant even when
the branches sway or the rope tightens and
stretches with varying climatic conditions.

@ "A°-FRAME MAST
L}

The simple and inexpensive mast shown in
Fig. 10-82 is satisfactory for heights up to
35 or 40 feet. Clear, sound lumber should
be selected. The completed mast may be pro-
tected by two or three coats of house paint.

If the mast is to be erected on the ground, a
couple of stakes should be driven to keep the
bottom from slipping and it may then be
““walked up” by a pair of helpers. If it is to go
on a roof, first stand it up against the side of
the building and then hoist it from the roof,
keeping it vertical. The whole assembly is light
enough for two men to perform the complete
operation — lifting the mast, carrying it to its
permanent berth and fastening the guys —
with the mast vertical all the while. It is en-
tirely practicable, therefore, to erect this type
of mast on any small, flat area of roof.
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By using 2 X 3s or 2 X 4s, the height may
be extended up to about 50 feet., The 2 X 2 1is
too flexible to be satisfactory at such heights.

@ SIMPLE 40.FOOT MAST

The mast shown in Fig. 10-83 is relatively
strong, easy to construct, readily dismantled,
and costs very little. Like the ““ A”’-frame, it is
suitable for heights of the order of 40 feet.

The top section is a single 2 X 3, bolted at
the bottom between a pair of 2 X 3s with an
overlap of about two feet. The lower section
thus has two legs spaced the width of the nar-
row side of a 2 X 3. At the bottom the two
legs are bolted to a length of 2 X 4 which is
set in the ground. A short length of 2 X 3 is
placed between the two legs about halfway up
the bottom section, to maintain the spacing.

The two back guys at the top pull against
the antenna, while the three lower guys pre-
vent buckling at the center of the pole.

The 2 X 4 section should be set in the ground
so that it faces the proper direction, and then
made vertical by lining it up with a plumb bob.
The holes for the bolts should be drilled before-
hand. With the lower section laid on the
ground, bolt A should be slipped in place -
through the three pieces of wood and tightened
just enough so that the section can turn freely
on the bolt. Then the top section may be bolted
in place and the mast pushed up, using a ladder
or another 20-foot 2 X 3 for the job. As the
mast goes up, the slack in the guys can be taken
up so that the whole structure is in some meas-

"_\Z-—
a/d/ N ‘\\\1//’
TOP GUYS
20’
2%3
/'A‘G' PP el | Sogiy i
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| 23
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Fig. 10-83 — A simple
and sturdy mast for
heights in the vicinity
s xe” Moa of 40 feet, pivoted at
3 Eimms] 1 s Prvote
C‘ﬂ“ eﬁ_“ | F_A 3’ the base for easy erec-
i _r—/ %/*77 tion. The height can
be extended to 50 feet
’ ////v//_ or more by using 2 X
[~ 24 4s instead of 2 X 3s.
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Fig.10-84 — T -section mast made
of overlapping 2 X 4s or 2 X 6s.
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ure continually supported. When the mast is
vertical, bolt B should be slipped in place and
both A and B tightened. The lower guys can
then be given a final tightening, leaving those
at the top a little slack until the antenna is
pulled up, when they should be adjusted to pull
the top section into line,

“T".SECTION MAST

A type of mast suitable for heights up to
about 80 feet is shown in Fig. 10-84. The mast
is built up by butting 2 X 4 or 2 X 6 timbers
flatwise against a second 2 X 4, as shown at
A, with alternating joints in the edgewise and
flatwise sections. The construction
can be carried out to greater
lengths simply by continuing the
20-foot sections. Longer or shorter
sections may be used.

The method of making the
joints is shown at C. Quarter-inch

Bolts thru

all 3-2xds =™
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Half of the guys can be put in place and
tightened up before the mast leaves the ground.
Four sets of guys should be used, one in front,
one directly in the rear, and two on each side
at right angles to the direction in which
the mast will face. A set of guys should be
used at each of the joints in the edgewise sec-
tions, the guy wires being wrapped around
the pole for added strength.

For heights up to 50 feet, 2 X 4-inch mem-
bers may be used throughout. For greater
heights, use 2 X 4s for the edgewise sections;
2 X 6-inch pieces will do for the flat sections.

@ POLE AND TOWER SUPPORTS

Poles, which often may be purchased at a
reasonable price from the local telephone or
power company, have the advantage that they
do not require guying unless they are called
upon to carry a very heavy load. The life of
a pole ean be extended many years by proper
precautions before erecting, and regular main-
tenance thereafter.

Before setting the pole, it should be given
four or five coats of creosote, applying it
liberally so it can soak into and preserve the
wood. The bottom of the pole and the part
that will be buried in the ground should have
a generous coating of hot pitch, poured on
while the pole is warm. This will keep termites
out and prevent rotting.

The pole should be set in the ground four to
eight feet depending upon the height. It is a
good idea to pour concrete around the bottom
three feet of the base, packing the rest of the
excavation with soil. The concrete will help
hold the pole against strong winds. After filling
the hole with dirt, a stream from a hose should
be played on the dirt slowly for several hours.
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cured at the base, the ‘“cradle”
illustrated at D has many ad-
vantages. Heavy timbers set firmly
in the ground, spaced far enough
apart so the base of the mast will
pass between them, hold a large
carriage bolt or steel bar which
serves as a bearing. The bolt goes
through a hole in the mast so that
it is pivoted at the bottom.

Lodder

Fig. 10-85 — This type of mast may be carried to a height of fifty feet
or mere. No guy wires are required.



This will help to settle the soil quickly.

If desired, the pole may be extended by the
arrangement shown in Fig. 10-85. Three 2 X 4s
are required for the top section, two being
18 feet long and one 10 feet long. The 10-foot
section is placed between the other two and
bolted in place. A half-inch hole should be
bored through the pole about 2 feet from its
top and through both 18-foot 2 X 4s about 5
feet from their bottom ends, which are spread
apart to fit the top of the pole. The bottom end
of the extension is then hauled up to the top of
the pole and bolted loosely so that the section
can be swung up into place by the leverage of
another 2 X 4 temporarily fastened to the
section, as shown in Fig. 10-85.

Lattice towers built of wood should be
assembled with brass screws and casein glue,
rather than with nails which work loose in a
short time. A tower constructed in this manner
will give trouble-free service if treated with a
coat of paint every year.

In painting outside structures, use pure
white lead, thinned with three parts of pure
linseed oil to one part of turpentine, for the
first coat on new wood. The use of a drier is
not recommended if the paint will possibly dry
without it, since it may cause the paint to peel
after a short time. For the second and third
coats pure white lead thinned only with pure

Hold here with plrers

Fig. 10-86 — Using a lever for twisting heavy guy wires.

linseed oil is recommended. Plenty of time for
drying should be allowed between coats. White
paint will last fifty per cent longer than any
colored paint.

@ GcuYs AND GUY ANCHORS

For masts or poles up to about 50 feet, No.
12 iron wire is a satisfactory guy-wire material.
Heavier wire or stranded cable may be used for
taller poles or poles installed in locations where
the wind velocity is high.

More than three guy wires in any one set
usually are unnecessary. If a horizontal an-
tenna is to be supported, two guy wires in the
top set will be sufficient in most cases. These
should run to the rear of the mast about 100
degrees apart to offset the pull of the antenna.
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Fig. 10-87 — Pipe
guy anchors. One
pipe is sufficient
for small masts,
but two installed
as shown will pro-
vide the additional
strength required
forthelargerpoles.
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Intermediate guys should be used in sets of
three, one running in a direction opposite to
that of the antenna, while the other two are
spaced 120 degrees either side. This leaves a
clear space under the antenna. The guy wires
should be adjusted to pull the pole slightly
back from vertical before the antenna is hoisted
so that when the antenna is pulled up tight the
mast will be straight.

When raising a mast that is big enough to
tax the facilities available, it is some advantage
to know nearly exactly the length of the guys.
Those on the side on which the pole 1s lying can
then be fastened temporarily to the anchors
beforehand, which assures that when the poleis
raised, those holding opposite guys will be
able to pull it into nearly-vertical position with
no danger of its getting out of control. The guy
lengths can be figured by the right-angled-
triangle rule that ‘““the sum of the squares of
the two sides is equal to the square of the
hypotenuse.” In other words, the distance from
the base of the pole to the anchor should be
measured and squared. To this should be
added the square of the pole length to the
point where the guy is fastened. The square
root of this sum will be the length of the guy.

Guy wires should be broken up by strain
insulators, to avoid the possibility of resonance
at the transmitting frequency. Common prac-
tice is to insert an insulator near the top of
each guy, within a few feet of the pole, and
then cut each section of wire between the
insulators to a length which will not be
resonant ecither on the fundamental or har-
monies. An insulator every 25 feet will be
satisfactory for frequencies up to 30 Me. The
insulators should be of the ‘‘cgg’ type with
the insulating material under compression, so
that the guy will not partif theinsulator breaks.

Twisting guy wires onto “‘egg’ insulators
may be a tedious job if the guy wires are long
and of large gauge. The simple time- and finger-
saving device shown in Fig. 10-86 can be made
from a piece of heavy iron or steel by drilling
a hole about twice the diameter of the guy
wire about a half inch from one end of the
piece. The wire is passed through the insulator,
given a single turn by hand, and then held with
a pair of pliers at the point shown in the
sketch. By passing the wire through the hole
in the iron and rotating the iron as shown, the
wire may be quickly and neatly twisted.

Guy wires may be anchored to a tree or
building when they happen to be in convenient
spots. I'or small poles, a 6-foot length of 1-inch
pipe driven into the ground at an angle will
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suffice. Additional bracing will be pro-
vided by using two pipes, as shown in
Fig. 10-87.

. HALYARDS AND PULLEYS

Halyards or ropes and pulleys are im-
portant items in the antenna-supporting
system. Particular attention should be
directed toward the choice of a pulley
and halyards for a high mast since re-
placement, once the mast is in position,
may be a major undertaking if not en-
tirely impossible.

Galvanized-iron pulleys will have a life
of only a year or so. Especially for
coastal-area 1nstallations, marine-type
pulleys with hardwood blocks and bronze
wheels and bearings should be used.

An arrangement that has certain advan-
tages over a pulley when a mast is used is
shown in Fig. 10-88. In case the rope breaks, it
may be possible to replace it by heaving a line
over the brass rod, making it unnecessary to
climb or lower the pole.

For short antennas and temporary installa-
tions, heavy clothesline or window-sash cord
may be used. However, for more permanent
jobs, 3g-inch or l4-inch waterproof hemp rope
should be used. Even this should be replaced
about once a year to insure against breakage.

Nylon rope, used during the war as glider
tow rope, is, of course, one of the best materials
for halyards, since it is weatherproof and has
extremely long life.

It is advisable to carry the pulley rope back
up to the topin “endless’’ fashion in the manner
of a flag hoist so that if the antenna breaks close
to the pole, there will be a means for pulling
the hoisting rope back down.

@ BRINGING THE ANTENNA OR
FEEDLINE INTO THE STATION

The antenna or transmission line should be
anchored to the outside wall of the building, as
shown in Fig. 10-89, to remove strain from the
lead-in insulators. Holes cut through the walls
of the building and fitted with feed-through
insulators are undoubtedly the best means of

- About 2 ft.

-
Brass rod

lll. |
Fig, 10-88 — This device is much easier than a pulley to
“rethread” when the rope breaks,

r 4
Heavy
, Screw-eyes

Fig. 10-89
through insulators or window glass. B — Going through a
full-length screen, a cleat is fastened to the frame of the screen
on the inside. Clearance holes are cut in the cleat and also in
the screen.
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A — Anchoring feeders takes the strain from feed-

bringing the line into the station. The holes
should have plenty of air clearance about the
conducting rod, especially when using tuned
lines that develop high voltages. Probably
the best place to go through the walls is the
trimming board at the top or bottom of a win-
dow frame which provides flat surfaces for
lead-in insulators. EKither cement or rubber

Lead-in
panel

Fig.10-90 — Anantennalead-
in panel may be placed over
the top sash or under the
lower sash of a window. Seal-
ing the overlapping joint will
help make it weatherproof.

gaskets may be used to waterproof the exposed
joints. :

Where such a procedure is not permissible,
the window itself usually offers the best oppor-
tunity. Omne satisfactory method is to drill
holes in the glass near the top of the upper sash,
If the glass is replaced by plate glass, a stronger
job will result. Plate glass may be obtained
from automobile junk yards and drilled before
placing in the frame. The glass itself provides
insulation and the transmission line may be
fastened to bolts fitting the holes. Rubber
gaskets will render the holes waterproof. The
lower sash should be provided with stops to
prevent damage when it is raised. If the win-
dow has a full-length screen, the seheme shown
in Fig. 10-89B may be used.

As a less permanent method, the window
may be raised from the bottom or lowered from
the top to permit insertion of a board which
carries the feed-through insulators. This lead-in
arrangement can be made weatherproof by
making an overlapping joint between the board
and window sash, as shown in Fig. 10-90, and
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Fig. 10-91 — Low-loss lightning arresters for transmit-
ting-antenna installations.
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covering the opening between sashes with a
sheet of soft rubber from a discarded inner tube.

@ LIGHTNING PROTECTION

An ungrounded radio antenna, particularly
if large and well elevated, is a lightning haz-
ard. When grounded, it provides a measure of
protection. Therefore, grounding switches or
lightning arresters should be provided. Exam-
ples of construction of low-loss arresters are
shown in Fig. 10-91. At A, the arrester elec-
trodes are mounted by means of stand-off
insulators on a fireproof asbestos board. At B,
the electrodes are enclosed in a standard steel
outlet box. The gaps should be made as small
as possible without danger of breakdown dur-
ing operation. Lightning-arrester systems re-
quire the best ground connection obtainable.

The most positive protection is to ground
the antenna system when 1t is not in use;
grounded flexible wires provided with elips for
connection to the feeder wires may be used.
The ground lead should be shert and run, if
possible, directly to a driven pipe or water
pipe where it enters the ground outside the
building.

Rotary-Beam Construction

It is a distinet advantage to be able to shift
the direction of a beam antenna at will, thus
securing the benefits of power gain and direc-
tivity in any desired compass direction. A
favorite method of doing this is to construct
the antenna so that it can be rotated in the
horizontal plane. Obviously, the use of such
rotatable antennas is limited to the higher
frequencies — 14 Me¢. and above — and to the
simpler-antenna element combinations if the

N
\ /\\‘
) 4 \

‘\\— "_"

structure size is to be kept within practicable
bounds. For the 14- and 28-Me. bands such
antennas usually consist of two to four ele-
ments and are of the parasitic-array type de-
scribed earlier in this chapter. At 50 Mec. and
higher it becomes possible to use more clabo-
rate arrays because of the shorter wavelength
and thus obtain still higher gain. Antennas for
these bands are deseribed in Chapter Fourteen,

The problems in rotary-beam construction
are those of providing a suitable mechanical
support for the antenna elements, furnishing
a means of rotation, and attaching the trans-
mission line so that it does not interfere with
the rotation of the system.

Elements

The antenna eclements usually are made of
metal tubing so that they will be at least
partially self-supporting, thus simplifying the
supporting structure. The large diameter of
the conductor is beneficial also in reducing
resistance, which becomes an important con-
sideration when close-spaced elements are used.

Dural tubes often are used for
the elements, and thin-walled cor-

\ 2 ;E

rugated steel tubes with copper

Fig. 10-92 — Easily-built supporting structure for hori-
zontal rotary beams. Made chiefly of 1 X 2’ wood
strip, it is strong yet lightweight. Antenna elements are
supported on stand-off insulators on the arms, E. The
length of the D sections will depend upon the element
spacing, while the length of the F sections and the spac-
ing between the D sections should be 14 to 14 the length
of the antenna elements.

coating also are available for this

purpose. The elements frequently are con-

structed of sections of telescoping tubing,

making length adjustments for tuning quite

casy. Hlectriocians’ thin-walled conduit also is
suitable for rotary-beam elements.

If steel elements are used, special precautions
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Fig. 10-93 — A ladder-supported 3-clement 28-Mec.
beam. It is mounted on a pipe mast that projects
through a bearing in the roof and is turned from the
attic operating room. (W1MRK in August, 1946, QST.)

should be taken to prevent rusting. Even cop-
per-coated steel does not stand up indefi-
nitely, since the coating usually is too thin.
The elements should be coated beth inside and
out with slow-drying aluminum paint. For
coating the inside, a spray gun may be used,
or the paint may be poured in one end while
rotating the tubing. The excess paint may be
caught as it comes out the bottom end and
poured through again until it is certain that
the entire inside wall has been covered. The
ends should then be plugged up with corks
sealed with glyptal varnish.

Supporis

The supporting framework for a rotary
beam usually is made of wood but sometimes
of metal, using as lightweight construction as
is consistent with the required strength. Gen-
erally, the frame is not required to hold much
weight, but it must be extensive enough so
that the antenna elements can be supported
near enough to their ends to prevent ex-
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center supports the whole structure and may
be coupled to the pole by any convenient
means which permits rotation. Alternatively,
the block may be firmly fastened to the pole
and the latter rotated in bearings affixed to
the side of the house.

Another type of construction is shown in
Fig. 10-93, with details in Figs. 10-94 and 10-
95. This method, suitable for 28-Me. beams,
uses a section of ordinary ladder as the main
support, with crosspieces to hold the tubing
antenna elements. Fig. 10-94 also indicates a
method of adjusting the lengths of the parasitic
clements and bringing the transmission line
down through the supporting pole from a
delta match. The latter is especially adapted
to construction in which the pole rather than
the framework alone is rotated.

Metal Booms

Metal can be used to support the elements
of the rotary beam. For 28 Mec., a piece of 2-
inch diameter duraluminum tubing makes a
good ‘“boom” for supporting the elements.
The elements can be made to slide through
suitable holes in the boom, or special clamps
and brackets can be fashioned to support the
elements. The antenna of Fig. 10-79D shows
one example of such construction.

Generally it is not practicable to support the
elements of a 14-Mec. beam by a,single-piece
boom, because the size of the elements re-
quires a stronger structure. However, by
making use of tubing or duraluminum angle, a
lightweight support for a 20-meter antenna
can be built. The four-element beam shown in

cessive sag, and it must have sufficient

strength to stand up under the maximum '

wind in the locality. The design of the ¢~
frame will depend chiefly on the size of |

the antenna elements, whether they are |

mounted horizontally or vertically, and
the method to be employed for rotating
the antenna.

The general preference is for horizontal
polarization, primarily because less height is
required to eclear surrounding obstructions
when all the antenna elements are in the
horizontal plane. This is important at 14 and
28 Mec. where the elements are fairly long.

An easily-constructed supporting frame for
a horizontal array is shownin Fig. 10-92. It may
be made of 1 X 2-inch lumber, preferably oak,
for the center sections B, C, and D. The outer
arms, F, and cross braces, ¥, may be of white
pine or cypress. The square block, A, at the

FE 33
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[ H ]
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fe- 45 -
RZ Hoxs s o Approx. A t
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Fig. 10-94 — Top-view drawing of the ladder support
and mounted elements. Lengths of director and re-
flector are adjusted by means of the shorting bars on
the small stubs at the center. The drawing also shows a
method for pulling off the wires of a delta match and
feeding 300-ohm Twin-l.ead transmission line. through
the pipe support.
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Figs. 10-96, 10-97 and 10-98

is an example. It uses 134-

inch angle for the main

pieces and 34-inch angle for

the other members, and the

entire framework plus ele-

ments welghs only forty

pounds. This simplifies con-

siderably the problem of

supporting the beam.

The following aluminum pieces are required:

4 — 1-inch diameter tubing, 12 feet long,
1{g-inch wall

8 — Tg-inch diameter tubing, 12 feet long, 145~
inch wall. Must fit snugly into l-inch
tubing.

2 — 134-inch angle, 21 feet long

2 — 34-inch angle, 21 feet long

4 — 34-inch angle, 1 foot long

2 — lg-inch diameter tubing, 6 feet long

Aluminum tubing and angle corresponding
to the above sizes can possibly be bought from
scrap dealers at reasonable prices, if not di-
rectly from the manufacturer. If the sections of
the clements do not fit snugly, insert shims or

¥

]

Fig. 10-96 — A {four-element 14-Me. beam of light-
weight all-metal construction. Fed by coaxial cable and
hand-rotated, the antenna and boom assembly weighs

only 40 pounds (KH6TJ, Dec., 1947, QST.)

ELEMENT
MOUNTING CLIP

CHAPTER 10

DETAIL OF ELEMENT SUPPORTS

Cie B%EE
H= 2% 1"x 7 .

E = Separaling blocks of 2k 2" same width as F
F = Side members of ladder

Fig. 10-95 — Detail of element supports for the ladder beam.

make some other provision for a tight fit, since
the appearance of the beam will be spoiled by
sagging elements. Some amateurs reinforee
their beam clements with copper-clad steel wire
supported a foot above the elements at the
boom and tied to the extreme ends of the
elements.

As shown in Fig. 10-97A, two 134-inch alu-
minum angles 21 feet long serve as the main
members of the boom. They are spaced one foot
apart. The elements are spaced 7 feet apart.
Wooden spacers of 2 X 2 are placed at the end
of the boom and serewed on with brass serews.
These spacers arc also placed under cach ele-
ment where it crosses the boom. These spacers
may be unnecessary if the elements are bolted
to the boom, but if the construction is as in
Fig. 10-97B the spacers are recommended.

The cross braces shown in Fig. 10-98 are put
into position at the very last, after the beam
is hung in position on the central pivot, since
they offer a means for truing up minor sag in
the elements. .

The central pivot consists of structure made
from %4-inch angle iron and M-inch pipe, as
shown in Fig. 10-97C. It has to be brazed.
The crossbar rest is made separate from
the boom and central pivot, and affords a
means for tilting the beam when unbolted
from these structures. The Mg-inch pipe is
drilled for the coaxial line that is fed through
this pipe. The pinion gear on the l4-inch pipe
should be brazed on.

A washing-machine gear train is well suited
for this type of beam. Another possibility
(used in this instance) is a discarded forge
blower. It was fitted with a 4-inch pipe which
serves as the central pivot. The gear train ends
up in a “V”-pulley, and the beam is easily
rotated by a svstem of ropes and pulleys that
ends up in an automobile steering wheel at the
operating position. A plumb bob attached to
the shaft of the steering wheel serves as a di-
rection indicator. A small cardboard scale
mounted along the line of plumb-bob trawvel
can be readily calibrated to show the direction
of the beam.

The supporting structure for this beam con-
sists of a 4 X 4 pole 30 feet long, with ten-foot
extensions of 2 X 4 bolted to both sides of the
bottom, making the total length about 36 feet.
Two sets of guy wires should be used, approx-
imately 2 feet and 15 feet from the top. As an
alternative, the pole can be set against the side
of the house, and only the top set of guys used
to provide additional support.
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Fig. 10-97 — Details of the 4-clement beam construction. The general dimensions and arrangement of the beam
are given in A, the detail of the ends of the boom is shown at B, and C shows the construction of the central pivot.
A discarded-forge blower gear train is used to drive the assembly.

With all-metal construction, delta match or
“T”-match are the only practical matching
methods to use to the line, since anything else
requires opening the driven element at the
center, and this complicates the support prob-
lem for that element.

A Wooden Boom for 14 Mc.

Many amateurs prefer to build their beam
booms from standard pieces of lumber, and
the beam shown in Figs. 10-99 and 10-100 is
an example of excellent design in wooden-boom
construction. The boom members are two 20-
foot 2 X 4s fastened to the 4 X 12 X 24-inch
center block with six lag screws. The two
center screws serve as the axis for tilting —
the other four lock the boom in position after
final assembly and adjustment have been com-
pleted. The blocks midway from each end are
2 X 4s spaced about six inches apart, with a
long bolt between them. When this bolt is
drawn tight, a very sturdy box brace is formed.

Fig. 10-98 — The boom for the 4-element beam is cross-
braced at two points, about 614 feet in from the ends.

Fig. 10-99 — A wooden boom for a 4-eclement 14-Mec.
ln:mm (;u‘n_he‘ made quite strong by ju(licipus use of guy
wires. This installation is made on a windmill tower,
and the drive motor is mounted halfway down on the

tower. (W6MJB, Nov., 1947, QST.)
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1 1}%-inch drive shaft. A pipe
flange is welded to the drive
shaft and bolted to the center
block. A cone bearing is obtained
by turning both the flange and a
sleeve of 2-inch pipe to match,
as shown in Fig. 10-100.

o ; ; . m— ol o) One method of matching the
N tﬁ:c‘:(s 4,*@2;—u>£ka ' line to the antennsa is to use a
i E | 2 2 7 | , ! qua,.rter wavelength of 75-.ohm
,\ / -R /;‘l /, —p——— Twin-Lead between the radiator
T W Sl C%g,'ég‘f__o and the slip-ring contacts, to
gé‘,‘?oig match a 600-ohm line from the
slip rings to the transmitter.
A 600-ohm open-wire line is
run to a point about halfway up
, on the tower, then up the side of
T 7" L 67 - 61" j the tower to the slip rings. The

Fasten to
center block

slip rings are mounted on the top
of the tower, directly under the
center block. A quarter-wave-
length matching section of trans-
mitting-type 75-ohm Amphenol
Twin-Lead hangs in a loop be-
tween the driven element and
the slip-ring contacts.

e L e Y e N et~ Feeder Connections
T 2" Steeve For beams that® rotate only
~ohm L T .. . .
75-ohm z-wave | | 180 degrees, it is relatively sim-

W P ple to bring off feeders by making
o ' msulatocs a short section of the feeder, just
/ where it leaves the rotating

Spring-bronze s A= member, of flexible wire. Enough
WIpINg contacts slack should be left so that there -
R is no danger of breaking or twist-

e 0 wire Jine ing. Stops should be placed on

/ the rotating shaft of the antenna

- e " so that the feeders cannot *“ wind
%‘ii{'??nﬁs 14" drive up.” This method also can be

shaft used with antennas that rotate

Fig. 10-100 — Details of the wooden boom, its method of support and the

construction of the slip rings.

The crossarms are 3 X 3s twelve feet long,
bolted to the boom with carriage bolts.

The umbrella guys should have turnbuckles
in them, and the guys are fastened to the center
support after the beam has been permanently
locked in its horizontal position. With the turn-
buckles properly adjusted, there will be no sag
in the boom, the elements will be parallel and
neat, and weaving in the wind will be elimi-
nated.

The elements are 134- and 1 Y4-inch diameter
duralumin tubing, supported by 1l%-inch
stand-off insulators. Hose clamps are used to
hold the elements on the insulators. Final ad-
justment of element lengths is possible through
“hairpin” loops. The tower, for the beam
shown in Tig. 10-99, was a Sears-Roebuck
windmill tower. The driving motor for the
beam was located halfway down the tower, the
torque being transmitted through a length of

the full 360 degrees, but again a
stop I8 necessary to avoid jam-
ming the feeders.

For continuous rotation, the
sliding contaect is simple and,
when properly built, quite practicable. Fig.
10-101 shows two methods of making sliding
contacts. The chief points to keep in mind are
that the contact surfaces should be wide
enough to take care of wobble in the rotating
shaft, and that the contact surfaces should be
kept clean. Spring contacts are essential,
and an ‘““umbrella” or other scheme for keep-
ing rain off the contacts is a desirable addition.
Sliding contacts preferably should be used
with nonresonant open lines where the impe-
dance is of the order of 500 to 600 ohms, so that
the eurrent is low.

The possibility of poor connections in sliding
contacts can be avoided by using inductive cou-
pling at the antenna, with one coil rotating on
the antenna and the other fixed in position, the
two coils being arranged so that the coupling
does not change when the antenna is rotated.
Such an arrangement is shown in Fig. 10-102,
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mount, convenient to use, and
require little or no maintenance.
However, to many the cost of
such units puts them out of

= Jﬂ ® H Insulating

reach, and a homemade unit

- strip

/

must be considered. Generally
speaking, lightweight units are
better because they reduce the

Sprii tacts M
Cach sige of -
band

N Metal disks
|2 [

load on the mast or tower.

al’ambjnnted
oupie Sprim
cantacpts 7 Rotaling pole

[ or drive shatt

"\
A

Fig. 10-101 — Ideas in sliding contacts for rotatable

connection to permit continuous rotation. The broad bearing surfaces take
care of any wobble in the rotating mast or driving shaft.

adapted to an antenna system in which the pole
itself rotates. A quarter-wave feeder system is
connected to a tuned pick-up circuit whose
inductance is coupled to a link. In the drawing,
the link coil connects to a twisted-pair trans-
mission line, but any type of line such as
flexible coaxial cable can be used. The circuit
would be adjusted in the same way as any link-
coupled circuit, and the number of turns in the
link should be varied to give proper loading on
the transmitter. The rotating coupling circuit
of course tunes to the transmitting frequency.
The whole thing is equivalent to a link-coupled
antenna tuner mounted on the pole, using a
parallel-tuned tank at the end of a quarter-
wave line to center feed the antenna. To main-
tain constant coupling, the two coils should be
quite rigid and the pole should rotate without
wobble. The two coils might be made a part of
the upper bearing assembly holding the rotat-
ing pole in position.

Other variations of the inductive-coupled
system can be worked out. The tuned circuit
might, for instance, be placed at the end of a
600-ohm line, and a one-turn link used to cou-
ple directly to the center of the antenna, if the
construction of the rotary member permits. In
this case the coupling can be varied by chang-
ing the L/C ratio in the tuned circuit. For
mechanical strength the coils preferably should
be made of copper tubing, well braced with
insulating strips to keep them rigid.

Rotation

It is convenient to use a motor to rotate the
beam, but it is not always necessary, especially
if a rope-and-pulley arrangement can be brought
into the operating room. If the pole can be
mounted near a window in the operating room,
hand rotation of the beam will work out quite
well, as has been proven by many amateur
installations.

If the use of a rope and pulleys is impracti-
cable, motor drive is about the only alterna-
tive. There are several complete motor-driven
rotators on the market, and they are easy to

T

The speed of rotation should
not be too great — one or two
r.p.m. is about right. This re-
quires a considerable gear re-
duction from the usual 1750-
r.p.m. speed of small induction

| #btating pole
or drive shaft

}

B motors; a large reduction is

antenna feeder advantageous because the gear
train will prevent the beam
from turning in weather-vane
fashion in a wind. The ordinary
structure does not require a great deal of
power for rotation at slow speed, and a lg-hp.
motor will be ample. Even small series motors
of the sewing-machine type will develop enough
power to turn a 28-Mec. beam at slow speed. If
possible, a reversible motor should be used so
that it will not be necessary to go through
nearly 360 degrees to bring the beam back to a
direction only slightly different, but in the
opposite direction of rotation, to the direction
to which it may be pointed at the moment.
In cases where the pole is stationary and only
the supporting framework rotates, it will be
necessary to mount the motor and gear train
in a housing on or near the top of the pole. If
the pole rotates, the motor can be installed in a
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Iig. 10-102 — One method of transmission line—antenna
system coupling which eliminates sliding contacts. The
low-impedance line is link-coupled to a tuned line.
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more accessible location (see Fig. 10-99).

‘Parts from junked automobiles often provide
gear trains and bearings for rotating the an-
tenna. Rear axles, in particular, can readily be
adapted to the purpose. Driving motors and
gear housings will stand the weather better if
given a coat of aluminum paint followed by
two coats of enamel and a coat of glyptal varn-
ish. Even commercial units will last longer if
treated with glyptal varnish. Be sure, of course,
that the surfaces are clean and free from grease
before painting them. Grease can be removed
by brushing it with kerosene and then squirt-
ing the surface with a solid stream of water.
The work can then be wiped dry with a rag.

If hand rotation of the beam is used, or if the
rotating motor drives the beam through a pul-
ley system, bronze cable or chain drive is pref-
erable to rope. However, if you must use rope,
be sure to soak it overnight in pure linsced oil
and then let it dry for several days before in-
stallation.

CHAPTER 10

The power and control leads to the rotator
should be run in electrical conduit or in lead
covering, and the metal should be grounded.
Often r.f. appearing in power leads can be re-
duced by suitable filtering, but running wires
in conduit is generally easier and more satis-
factory. Any r.f. in the wiring can sometimes
be responsible for feed-back in a ’phone trans-
mitter. “Hash” from the motor is also reduced
by shielding the wires, but it is often necessary
to install a small filter at the motor to reduce
this source of interference. Motor noise appear-
ing in the reeeiver is a nuisance, since it is usual
practice to determine the proper direction for
the beam by rotating it while listening to the
station it is desired to work and setting the
antenna at the point that gives maximum sig-
nal strength,

The outside cleetrical connections should be
soldered, bound with rubber tape followed by
regular friction tape, and then given a coat of
glyptal varnish.




About V.HPF.

In the days when DX activity first bur-
geoned on our lower frequencies the assign-
ments above 30 Me. were not too highly re-
garded. It was assumed that propagation on
these frequencies was limited to distances only
slightly beyond the visual horizon, and thus
the bands allocated to amateurs in this region
were used principally in areas where large
concentrations of population brought hundreds
of workers within local range of one another.
In the early thirties activity boomed on 56
Me. in the larger cities of the United States,
but there were few stations elsewhere. Use of
frequencies higher than 60 Mec. was confined
to a few experimentally-inclined amateurs here
and there.

In 1934, ’35 and ’36, new types of propaga-
tion were discovered by amateurs, and the op-
portunities for v.h.f. DX so brought to light
caused a tremendous growth in activity, par-
ticularly in areas where it had not previously
existed. Up to this time, practically all v.h.f.
work had been done with the simplest sort of
gear, mainly modulated-oscillator transmitters
and superregencrative receivers; but when our
available space began to fill with DX signals
it became obvious that, if we were to realize
anything like the possibilities inherent in this
type of work, we must have improved tech-
niques, whereby more stations could be ac-
commodated in a given area. Crystal-con-
trolled transmitters and superheterodyne re-
ceivers, permitting utilization of the 56-Mec.
band on a scale comparable with that obtain-

CHAPTER 11

ing on lower frequencies, became the order of
the day, and by the end of 1938 stabilization
of transmitters used on all frequencies up to
60 Me. became mandatory. Our 5-meter band
had grown up!

With the impetus of improved techniques,
operating ranges on 56 Me. grew by leaps and
bounds. Meanwhile the use of the simplest
form of equipment was transferred to the next
higher band, then 112 Me; and this band, in
turn, took over the burden of heavy urban
occupancy formerly carried by the 5-meter
band. Scon our principal cities were teeming
with 112-Me. activity, and before long it was
found that this band, too, had much of interest
to offer. Iiven more than had been the case on
56 Mec., it was found that weather conditions
had a profound effect on 112-Me. propagation,
and before the close-down of amateur activity,
at the entry of our country into the war, the
record for 112-Mec. work had passed the 300-
mile mark. There was a smattering of activity
on the still higher frequencies of 224 and 400
Me. as well.

During the war years the vast use of v.h.f.,
u.h.f. and s.h.f. equipment in countless war ap-
plications demonstrated that these frequencies,
once thought to be almost useless, were of un-
told importance. In the postwar world the
v.h.f. amateur need no longer apologize for his
interests. His frequencies are among the most
highly prized in the whole radio-frequency
gpectrum, and his is now regarded as one of
the major fields of amateur endeavor.

Propagation Phenomena

A thorough understanding of the basic prin-
ciples of wave propagation, outlined in Chapter
Four, is a most useful tool for the v.h.f. worker.
Much of the pleasurc and satisfaction to be
derived from v.h.f. endeavor lie in making the
best possible use of propagation vagaries result-
ing from natural phenomena. Contrary to the
impression of many newecomers to the ficld,
a working knowledge of v.h.f. propagation is
not difficult of attainment. Below are listed the
principal ways by which v.h.f. waves may be
propagated over abnormal distances.

Fy-Layer Reflection

The “normal’’ contacts made on 28 Me. and
lower frequencies are the result of reflection of

the transmitted wave by the Fs layer, the
ionization density of which varies with solar
activity, the highest frequencies being reflected
at the peak of the 1l-year solar cyele. The
maximum usable frequeney (m.u.f.) for Fy
reflection also rises and falls with other well-
defined cycles, including daily, monthly, and
seasonal variations, all related to conditions on
the sun and its position with respect to the
earth.

At the low point of the 11-year cycle, such
as the period we were entering at the outbreak
of war, the m.u.f. may reach 28 Mec. only dur-
ing a short period each spring and fall, whereas
it may go to 60 Mec. or higher at the peak of the
cycle. The fall of 1946 saw the first authentic
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Fig. 11-1 — The principal means by which v.h.f. waves may be returned to earth. The F2 layer, highest of the known
ionospheric layers, is capable of reflecting 50-Me. signals during the period around the peak of the 11-year solar
eycle, and may support communication over world-wide distances. Sporadic ionization of the E layer produces
“short-skip” contacts at medium distances. It is a fairly frequent occurrence regardless of the solar cycle, but is
most common in May .through August. Refraction of v.h.f. waves also takes place at air-mass boundaries in the
lower atmosphere, making possible reception of signals at distances up to 300 miles or more. without a skip zone.

instances of long-distance 50-Mc, work by this
medium, and it is probable that Fo DX will be
workable on 50 Mec. until about 1950. In the
northern latitudes there are peaks of m.u.f.
each spring and fall, with a low period during
the summer and a slight dropping off during
{he midwinter months. At or near the Equator
conditions are more or less constant at all
seasons.

Fortunately the . m.u.f. is quite readily
determined by observation, and means are
available whereby it may be estimated quite
accurately for any path at any time. It is pre-
dictable for months in advance,! enabling the
v.h.f. worker to arrange test schedules with
distant stations at propitious times. As there
are numerous signals, both harmonies and
fundamental transmissions, on the air in the
range between 28 and 50 Me., it is possible for
the listener to determine the approximate
m.u.f. by careful listening in this range. A
series of daily observations will serve to show
if the m.u.f. is rising or falling from day to day,
and once the peak for a given month is de-
termined it can be assumed that the peak for
the following month will occur about 27 days
later, this cycle coinciding with the turning of
the sun on its axis. The working range, via Fs
skip, will be roughly comparable to that on
28 Me., though the minimum distance is some-
what longer. Two-way work on 30 Me. by

1 Basic Radio Propagation Predictions, issued monthly,
three months in advance, by the Central Radio Propagation
Laboratory of the National Bureau of Standards. Order
from the Supt. of Documents, Washington 25, D. C.; $1.50
per year.

means of reflection from the Fa layer has been
accomplished over distances ranging from
2200 to 10,500 miles. The maximum frequency
for Fy reflection is believed to be in the vieinity
of 70 Me.

Sporadic-E Skip

Patchy concentrations of lonization in the
E-layer region are often responsible for re-
flection of signals on 28 and 50 Me. This isthe
popular “short skip” that provides fine con-
tacts on both bands in the range between 400
and 1300 miles. It is most common in May,
June and July, during the early evening hours,
but it may occur at any time or season. Since
it is largely unpredictable, at our present state
of knowledge, sporadic-E skip is of high ““sur-
prise value.”” Multiple-hop effects may appear,
when ionization develops simultancously over
large areas, making possible work over dis-
tances of more than 2500 miles. As far as is
known, no 144-Mec. effects have yet been ob-
served, the known limit for sporadic-E skip.
being in the vicinity of 100 Mec.

Aurora Effect

Low-frequency communication is occaston—
ally wiped out by absorption of these frequen-
cies in the ionosphere, when ionospheric
storms, associated with variations in the
earth’s magnetic field, occur. During such dis-
turbances, however, 50-Mec. signals may be
reflected back to earth, making communication
possible over distances not normally workable
on this band. Magnetic storms may be accom-.
panied by an aurora-borealis display, if the
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disturbance occurs at night and visibility is
:good. When the aurora is confined to the north-
ern sky, aiming a directional array at the
auroral curtain will bring in 50-Mec. signals
strongest, regardless of the true direction to
‘the transmitting station. When the display is
widespread there may be only a slight im-
provement noted when the array is aimed
north. The latter condition is often noticed
«during the period around the peak of the 11-
year cycle, when solar activity is spread well
wover the sun’s surface, instead of being con-
centrated extensively in the region near the
'solar equator.

Aurora-reflected signals are characterized by
a rapid flutter, which lends a ‘‘dribbling”’
sound to 28-Mec. carriers and may render
modulation on 50-Mec. signals completely un-
recadable. The only satisfactory means of com-
munication then becomes straight c.w. The
effect may be noticeable on signals from any
distance other than purely local, and stations
up to about 500 miles in any direction may be
worked at the peak of the disturbance. Unlike
the two methods of propagation previously
described, aurora effect exhibits no skip zone.
It has been observed, to date, only on the fre-
quencies up to about 60 Me.

Reflections from Meteor Trails

Probably the least-known means of v.h.f.
wave propagation is that resulting from the
passage of meteors across the signal path. Re-
flections from the ionized meteor trails may be
noted as a Doppler-effect whistle on the car-
rier of a signal already being reccived, or they
may cause bursts of reception from stations
not normally receivable. Sudden large in-
creases in strength of normally-weak signals
are another manifestation of this effect. Ordi-
narily such reflections are of little value in
extending communication ranges, since the in-
creases in signal strength are of short duration,
but meteor showers of considerable magnitude
and duration may provide fluttery 50-Me.
signals from distances up to 1000 miles or
more, Signals so reflected have a combination
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of the characteristics of aurora and sporadic-E
skip.

Tropospheric Bending

Refraction of radio waves takes place when-
ever a change in refractive index is encoun-
tered. This may occur at one of the ionized
layers of the ionosphere, as mentioned above,
or it may exist at the boundary area between
two different types of air masses, in the region
close to the earth’s surface. A warm, moist air
mass from over the Gulf of Mexico, for in-
stance, may overrun a cold, dry air mass which
may have had its origin in northern Canada.
Each tends to retain its original characteristics
for considerable periods of time, and there may
be a well-defined boundary between the two
for as much as several days. When such an air-
mass boundary exists near the midpoint be-
tween two v.h.f. stations separated by 50 to
300 miles or more, a considerable degree of
refrastion takes place, and signals run high
above the average value, Under ideal condi-
tions there may be almost no attenuation, and
signals from far beyond the visual horizon
will come through with strength comparable
to that of local stations.

Many factors other than air-mass movement
of a continental character may provide in-
creased v.h.f. operating range. The convection
that takes place along our coastal areas in
warm weather is a good example. The rapid
cooling of the earth after a hot day in summer,
with the air aloft cooling more slowly, is
another, producing a rise in signal strength in
the period around sundown. The early-morning
hours, when the sun heats the air aloft, before
the temperature of the earth’s surface begins
its daily rise, may frequently be the best hours
of the day for extended v.h.f. range, particu-
larly in clear ealm weather, when the barome-
ter is high and the humidity low.

Any weather condition that produces a
pronounced boundary between air masses of
different temperature and humidity character-
istics provides the medium by which v.h.f.
signals cover abnormal distances. The ambi-

Fig. 11-2 — Tllustrating a typical weather sequence, with associated variations in v.h.f. propagation. At the right
is a cold air mass (fair weather, high or rising barometer, moderate summer temperatures). Approaching this from
the left is a warm moist air mass, which overruns the cold air at the point of contact, creating a temperature inver-
sion and considerable bending of v.h.f. waves. At the left, in the storm area, the inversion is dissipated and signals
are weak and subject to fading. Barometer is low or falling at this point.
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tious v.h.f. enthusiast soon learns to correlate
various weather manifestations with radio-
propagation phenomena. By watching tem-
perature, barometric pressure, changing cloud
formations, wind direction, visibility, and
other easily-observed weather signs, he is able
to tell with a reasonable degree of accuracy
what is in prospect on the v.h.f. bands.

The responsiveness of radio waves to vary-
ing weather conditions increases with fre-
quency. Our 50-Me. band is considerably more
sensitive to weather variations than is the
28-Me. band, and the 144-Me. band may show
strong signals from far beyond visual distances
when the lower frequencies are relatively in-
active, It is probable that this tendency con-
tinues on up through the microwave range, and
that our assignments in the u.h.f. and s.h.f.
portions of the frequency spectrum may some-
day support communication over distances far
in excess of the optical range. Already 144-Me.
communication by amateurs has passed the
600-mile mark, and even greater distances
are believed possible on this and higher
frequencies. '

@ STATION LOCATIONS

In line with our early notions of v.h.f. wave
propagation, it was once thought that only
highly-clevated v.h.f. stations had any chance
of working beyond a few miles. Almost all the
work was done by portable stations operating
from mountain tops, and only hilltop home
sites were considered suitable for fixed-station
worl, Tt is still true that the fortunate amateur
who lives at the top of a hill enjoys a certain
advantage over his fellows on the v.h.f. bands,

CHAPTER 11

but high elevation is not the all-important
factor it was once thought to be.

Improvements in equipment, the wide use of
high-gain antenna systems, and an awareness
of the opportunities afforded by weather phe-
nomena have enabled countless v.h.f. workers
to achieve excellent results from seemingly
poor locations. In 50-Mec. DX work particu-
larly, elevation has ceased to be an important
factor, though it may help in extending the
range of operation somewhat under normal
conditions. A high elevation is somewhat more
helpful on 144 Mec. and higher frequencies,
particularly when no unusual propagation fac-
tors are present, as during the winter months.
Other factors, such as close proximity to large
bodies of water, may more than compensate for
lack of clevation during the other seasons of
the year, however.

Stations situated in sea-level locations along
our coasts have been consistent in their ability
to set distance records on 144 Me.; weather
variations provide interesting propagation ef-
fects over our Middle Western plain areas; and
even the worker situated in mountainous coun-
try need not necessarily feel that he is pre-
vented by the nature of his horizon from doing
interesting work. Contacts have been made
on 50 and 144 Me. over distances in excess of
100 miles in all kinds of terrain.

The consistently-reliable nature of 50 and
144 Me. for work over such a radius and more,
regardless of weather, time or season, and the
oceasional opportunitics these frequencies af-
ford for exciting DX, have caused an increas-
ing number of amateurs to migrate to the v.h.f.
bands for extended-local communication, once
thought possible only on the lower frequeneies.

V.HF. Techniques

Recognition of the value of the very-high
frequencies has resulted in the development of
many tubes and other components especially
suited for use at these frequencies. Where, not
80 many years ago, it was necessary to remove
the bases from available tubes, and otherwise
cut down components designed for use at
lower frequencies, we now have tubes and
circuit components specifically designed for
high-efficiency operation, not only on the v.h.f.
bands, but on up through the microwave range.
Examples of transmitting tubes especially made
for v.h.f. work are shown in Fig. 11-3.

The higher frequencies are rapidly becoming
the primary field of interest for those amateurs
who like to design and build their own equip-
ment. While there is an increasing tendency to
the purchase of commercially-built equipment,
both transmitting and receiving, for low-fre-
quency operation, most gear used for v.h.f. and
higher bands is still a product of the amatew’s
own ingenuity.

In the field of antenna design, too, the v.h.f.
bands offer much to the amateur who is inter-

ested in experimental work. With their smaller
physical size making for greater ease of con-
struction and adjustment, the development of
high-gain directional antennas continues to
occupy much of the time devoted by the v.h.f,
enthusiast to experimental work.

. TRANSMITTER DESIGN

The use of crystal control, or its equivalent
in stability, is standard for 50-Mec. work. The
design of transmitters for this band differs
hardly at all from that employed for lower
amateur frequencies, except that much more
care must be exercised in the selection of com-
ponent parts and their placement in the equip-
ment, in order to avoid more than the absolute
minimum length in the connecting leads. Cus-
tomary procedure is to start with a crystal or
variable-frequency oscillator, operating at 6, 8,
or 12 Mec., and follow with such frequency-
multiplying stages as may be required to reach
50 Mec. The power level is not particularly im-
portant, as interference is not a critical factor
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in 50-Me. communication, Much good work
has, in fact, been accomplished with power
inputs under 100 watts and éven stations in
the 10-watt class are quite eapable of working
out well, particularly if equipped with well-
designed antenna systems,

At 144 Me. crystal control is becoming more
popular daily. It is somewhat more difficult of
attainment than at 50 Me., but the construec-
tion of a crystal-controlled transmitter for 144
Me. is not beyond the capabilities of the aver-
age amateur. The number of usable tube types
is limited, however, and only those specifically
designed for v.h.f. applications can be used
successtully. Even with such tubes, great care
must be exercised to keep leads and ecircuit
capacitances down. Conventional coil-and-con-
denser combinations designed for lower fre-
quencies are generally unsatisfactory, and only
well-designed tank ecircuits will operate efh-
ciently at this frequency. High power is seldom
employed in 144-Mec. operation, most workers
preferring to use high-gain antenna systems
rather than high-powered transmitters, at this
and higher frequencies.

For 235 Me. and higher, crystal control may
be employed, and its use is desirable where
possible, but the modulated-oscillator type of
transmitter still bears the brunt of operation
on 235 Me., and is used almost exclusively for
420 Mec. and higher. Since occupancy is rela-
tively low, the broader signals radiated by
such equipment and the inefficiencies of the
superregenerative receivers neccessary to ac-
commodate them, are not major problems.

. RECEIVER CONSIDERATIONS

Even more than in work on lower frequen-
cies, a good receiver is all-important in the
v.h.f. station. Though commercial receivers
that cover the 50-Mec. band are slowly ap-
pearing on the amateur market, the most
satisfactory and inexpensive solution to the
receiver problem is still that of a converter
that works into a communications receiver

Fig. 11-3 — Vacuum tubes designed especially for high-
efficiency operation at very-high {requencies are now
available for amateur use. Several such tubes are shown
above, in comparison to typical low-frequency tubes,
the 813 and V-70-D at the left, The v.h.f. types are the
GL-592, 35TG, 24G, HY-75-A, all triodes; and the
829.B, HK-57, and 832-A, all tetrodes.

designed for the lower frequencies. Such a com-
bination is almost certain to give better results
on 50 Mec. than a complete receiver, unless the
latter is designed especially for v.h.f. use.

Converters are replacing the once-popular
superregenerative receivers for 144-Mec. use
also, particularly for fixed-station work in
localitics where the use of stabilized trans-
mitters has become more or less standard pro-
cedure. Many types of superhet receivers used
for radar and aireraft service during the war
are convertible to amateur use, and hundreds
of such surplus units are now employed by
amateurs working on 144 Mec.

For portable or emergency use, where small
size and low battery drain are important, the
simple superregenerative receiver is still popu-
lar. For the number of tubes and parts re-
quired, it is still an efficient receiving system,
especially in areas where there is not extensive
activity. For frequencies higher than 148 Me.
it is still the principal receiving system, though
the converter approach is practical for any
frequency. To accommodate the broader sig-
nals generally found on these frequencies, a
converter may be used in conjunction with a
wide-band i.f. system, such as a receiver de-
signed for M broadcast reception.
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V.HF. Receivers

In its essentials most modern receiving
equipment for the 28- and 50-Me. bands differs
very little from that used on lower frequencies.
The 28-Mec. band serves as the meeting
ground between what are ordinarily termed
“communications frequencies’” and the very-
highs, and it will be found that most of the
receivers described in Chapter Five are capable
of working on 28 Me. In this chapter are de-
scribed receivers and converters capable of
good performance on 50 Me. and higher.

Federal regulations impose identieal re-
quirements on all frequencies below 54 Mec.
respecting stability of frequency and, when
amplitude modulation is used, freedom from
frequency modulation. Thus receivers for 50-
Mc. AM reception may have the same se-
lectivity as those designed for the lower fre-
quencies. This order of selectivity is not only
possible but desirable, since it permits a con-
siderable increase in the number of transmitters
that can work in the band without undue
interference. High selectivity also aids greatly
in improving the signal-to-noise ratio, both as
concerns noise originating in the receiver itself
and in its responsc to external noise. The ef-
fective sensitivity of such a receiver ean be
made considerably higher than is possible with
nonselective receivers.

Superheterodynes for V.H.F.

The superheterodyne system of reception is
used almost universally on 50 Mec., and to a
considerable extent on 144 Mec., because it is
the only type that fulfills the stability, selectiv-
ity and sensitivity requirements. AM super-
heterodynes and those for FM reception differ
only in the i.f. amplifier and sccond detector,
so that a single high-frequency converter may
be used for either AM or FM.

Superheterodynes for 50 Me. and higher
should have fairly-high intermediate fre-
quencies to reduce both image response and
oscillator “pulling.” For example, a difference
between signal and image frequencies of 900 ke.
(the difference when the i.f. is 450 ke.) is a
very small percentage of the signal frequency;
consequently, the response of the r.f. circuits
to the image frequency is nearly as great as to
the desired frequency. To obtain diserimina-
tion against the image equal to that obtainable
at 3.5 Me. would require an i.f. 16 times as
high, or about 7 Mec. However, the @ of tuned
circuits is less in the v.h.f. range than it is at
lower frequencies, chiefly because the tube

loading is considerably greater, and thus still
higher intermediate frequencies are desirable.
A practical compromise is reached at about 10
Me., and the standard i.f. for converters and
commercial v.h.f. receivers is 10.7 Me.

To obtain high selectivity with a reasonable
number of i.f. stages, the double-superhetero-
dyne principle is often employed. A 10-Me. in-
termediate frequency, for example, is changed
to a second 1.f. of perhaps 450 ke. by an addi-
tional oscillator-mixer combination.

Few amateurs build complete 50-Me. super-
heterodyne receivers. General practice in this
band has been to use a conventional com-
munications receiver to handle the i.f. out-
put of a simple 50-Me. frequency converter.
Even an all-wave broadeast receiver may be
used with excellent results on 50 Me. by the
addition of a relatively simple converter.

The superheterodyne type of receiver is find-
ing increased favor for 144-Me. work also, as
the occupancy of that band inecreases. Espe-
cially in heavily-populated areas, stabilization
of transmitters and an improvement in the
selectivity of receivers are becoming almost
mandatory, particularly for those operators
who are interested in exploiting the full possi-
bilities of this band.

With a well-designed converter, a consid-
erable improvement in signal-to-noise ratio
can be achieved in 144-Me. reception by using
such a converter in conjunction with a com-
munications receiver. Only crystal-controlled
or other stable signals can be received in this
manner, but the effective sensitivity will be
better than is possible with a less critical
broad-band receiver. An example of a simple
but effective converter for 2-meter use is shown
in Figs. 12-16 through 12-19.

In any superheterodyne for 144 Me. a pri-
mary problem is that of oscillator stability.
One satisfactory solution is the use of a crys-
tal-controlled oscillator and frequency multi-
plier to supply the injection voltage, the
method used in the converter shown in Figs.
12-13-12-15. All r.{. circuits are then fixed-
tuned, and coverage of the band is attained
by tuning the communications receiver (or
i.f. system) over a range of 4 Me. This can be
14 to 18 Me. in the case of certain war-surplus
receivers, or it may be any higher frequency
within the range of the communications re-
ceiver.

A converter working into an FM receiver, or
into a broad-band i.f. channel designed for
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either AM or FM reception, provides a quite
satisfactory means of reception of signals, not
only at 144 Me., but on up through the micro-
wave range. This approach has been used in
most of the recent pioneering efforts by ama-
teurs working in the microwave field.

The Superregenerative Receiver

The simplest type of v.h.f. receiver is the
superregenerator, long favored In amateur
work. It affords good sensitivity with few
tubes and elementary circuits. Its disadvan-
tages are lack of selectivity and, if the oscillat-
ing detector is coupled to an antenna, a
tendency to radiate a signal which may cause
severe interference to other receivers. To some
extent the lack of selectivity is advantageous,
gince it makes for easy tuning, and permits
reception of all signals within its tuning range,
however unstable they may be. To reduce
radiation, a superregenerative detector should
be preceded by an r.f. stage, or, if the detector
is coupled directly to the antenna, it should be
operated at the lowest plate voltage that will
permit superregeneration.

From a practical as-
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detector’s operating point. As a consequence
of the introduction of this quench or interrup-
tion frequency, the detector can oscillate only
when the varying operating point is in a region
suitable for the production of oscillations. Be-
cause the oscillations are constantly being in-
terrupted, the regeneration can be -greatly
increased, and the amplified signal will build
up to tremendous proportions. A one-tube
superregenerative detector is capable of an
inherent sensitivity approaching the thermal-
agitation noise level of the tuned circuit, and
may have an antenna input sensitivity of two
microvolts or better,

Because of its inherent characteristics, the
superregencrative circuit is suitable only for
the reception of modulated signals, and op-
erates best on the very-high frequencies. Typi-
cal superrcgenerative circuits for v.h.f. are
shown in Fig. 12-1, but the basic circuit may
be any of the various arrangements used for
straight regenerative detectors.

In Fig. 12-1A the quench frequency is ob-
tained from a separate oscillator and intro-
duced into the plate ecircuit of the detector.

pect, superregenerative
receivers may be divided
into two general types. In
the first the quenching
voltage is developed by
the detector tube func-
tioning as a ‘‘self-
quenched’’ oscillator. In
the second, a separate os-
cillator tube is used to
generate the quench volt-
age. Self-quenched super-
regenerators have found
wide favor in amateur
work. The simpler types
are particularly suited
for portable equipment,
which must be kept
as simple as possible.
Many amateurs have

“pet’’ circuits claimed to 82_’41';0”#“}&
AT1OT A 3@ MHuld,
be superior to all others, Ca— 0.1 ufd.

but the probability is that
the arrangement of a par-
ticular circuit has led to
correct operating condi-
tions. Time spent in mi-
nor adjustments will result in a smooth-work-
ing receiver.

Cs; — 0.001-0.005 nfd.
Ri — 2-10 megohms.
Rz — 47,000 ohms.

Superregeneration Principles

The limit to which ordinary regenerative
amplification can be carried is the point at
which oscillations commence, since at that
point further amplification ceases. The super-
regenerative detector overcomes this limitation
by introducing into the detector circuit an
alternating voltage of a frequency somewhat
above the audible range (of the order of 20 to
200 kilocyeles), in such a way as to vary the

R3 — 50,000-ohm potentiometer.

DET.

Fig. 12-1 — (A) Superregenerative detector circuit using a separate quench os-
cillator. (B) Self-quenched superregencrative detector circuit. L2C is tuned to the
signal frequency. Typical values for other components are:

R4 — 47,000 ohms.

RFC — R.f. choke, value depending
upon frequency. Small low-
capacitance chokes are required
for v.h.f. operation.

Ti — Audio transformer, plate-to-grid
type.

T2 — Quench-oscillator transformer.

The quench oscillator, operating at a low radio
frequency, alternately allows oscillations to
build up in the regenerative circuit and then
causes them to die out. In the absence of a sig-
nal, the thermal-agitation noise in the input
circuit produces the voltage that initiates the
build-up process. However, when an incoming
signal provides the initiating pulse, it has the
effect of advancing the starting time of the os-
cillations. This causes the area within the en-
velope to increase, as indicated in Fig. 12-2C.

If regeneration in an ordinary regenerative
circuit is carried sufficiently far, the circuit will
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Fig. 12-2 — R.f. oscillation envelopes in a self-quenched
superregenerative detector. Without signal (A at left)
oscillations are completely quenched after each period,
resuming in random phase depending on momentary
noise voltages. At right, when the initiating pulses are
supplied by a received signal the starting time of the
oscillations is advanced causing the build-up period to
begin before damping is complete. This advance is pro-
portional to the carrier amplitude when modulated (B).
Since the building-up period varies in accordance with
modulation*(C), when these wave trains are rectified the
average rectified current is proportional to the amplitude
of the signal. Amplitude modulation is therefore re-
produced as an audio wave in the output circuit (D).

break into a low-frequency oscillation simul-
tancously with that at the operating radio fre-
quency. This low-frequeney oscillation has
much the same quenching effect as that from a
separate oscillator, hence a circuit so operated
18 called a self-quenching superrcgencrative de-
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tector. The frequency of the quench oscillation
depends upon the feed-back and upon the
time constant of the grid leak and condenser,
the oscillation being a ““blocking’ or “squeg-
ging’’ in which the grid accumulates a strong
negative charge which does not leak off rapidly
enough through the grid leak to prevent a rela-
tively slow variation of the operating point.

The greater the difference between the
quenching and signal frequencies the greater
the amplification, because the signal then has
a longer period in which to build up during the
nonquenching half-cycle when the resistance
of the cireuit is negative. This ratio should not
exceed a certain limit, however, for during the
quenched or nonregenerative intervals the in--
put selectivity is merely that of the @ of the
tuned cireuit alone.

Because of the greater amplification, the
hiss noisc when a superregencrative detec-
tor goes into oscillation is much stronger than
with the ordinary regenerative detector. The
most sensitive eondition is at the point where
the hiss first becomes marked. When a signal is
tuned in, the hiss will disappear to a degree
that depends upon the signal strength.

Lack of hiss indicates insufficient feed-back
at the signal frequency, or inadequate quench
voltage. Antenna-loading effects will cause
dead spots that are similar to those in regen-
erative detectors and can be overcome by the
same methods. The sclf-quenching detector
may require critical adjustment of the grid-
leak and grid-condenser wvalues for smooth
operation, since these determine the frequency
and amplitude of the quench voltage.

T.R.F. Superregenerative Receiver

The 144-Me. receiver in Figs. 12-3-12-7 uses
miniature tubes throughout and is intended for
either home or portable/mobile use. The r.f.
_amplifier stage furnishes some additional gain
over a straight superregenerative detector, af-
fords freedom from antenna effects, and —
most important of all — prevents radiation
from the receiver. Although the r.f. and de-
tector circuits are individually tuned, the broad
tuning of the r.f. stage makes the receiver
essentially a single-dial affair — important in
mobile work — and the miniature tubes
permit compact assembly and low current
consumption. Total heater current is 625 ma.
at 6.3 volts, and the total plate-current drain
from 135 volts of “B’”’ battery is less than 10
ma.

The tuned r.f. amplifier stage uses a 6AIKS5
pentode which is coupled through €5 to the
6C4 superregenerative triode detector. This in
turn is transformer-coupled to a 6C4 audio
stage which drives the 6AKS6 output stage. A
plate coupling choke, L4, and the coupling con-
denscr Cip remove d.c. from the output jack,
Ja. and climinate the possibility of short-
circuiting the plate supply at this point.

Fig. 12-3 — Front view of the 144-Mec. t.r.f. receiver.
The pointer knob above the vernier dial tunes the r.f.
stage. The small round knobs are for audio volume
(lower right) and detector plate-voltage variation. Di-
mensions of the handmade case are 7 X 514 X 4inches.
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Mechanical Details

The receiver chassis and parti-
tions are built from pieces of 17{g-
inch aluminum held together at the
corners with machine serews and
strips of }4-inch-square brass rod.
The over-all dimensions are 7 X 514
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Fig. 12-4 — Rear view of the complete receiver. Note
that the r.f. stage and superregenerative-detector cir-
cuit components are in separate completely-enclosed
compartments, for elimination of radiation. Miniature
tubes are used throughout, for compactness and low
current consumption.

¢

boxes are completely assembled. The wire be-
tween Cs and Lz runs through two Millen
32150 bushings in the walls of the two shield
compartments. This interconnection, the only
one except for the power circuits, is made by
running scparate leads from the condenser
and coil through the bushings and then solder-
ing the two ends together after the two units
arc mounted on the front panel.

The detector tuning condenser, 'y, is a regular
Cardwell ZV-5-TS modified by adding a single
circular plate to the regular one-plate rotor.
This additional constant capacitance across the
cireuit increases the bandspread and, because
it decreases the L-to-C ratio, smooths out the
regeneration so that the regeneration control,
Ry, does not have to be readjusted within the
144-Me. band.

X 4 inches — the chassis that
mounts the audio components is
4 X 5 inches with a 134-inch
folded lip. To eliminate oscillation
in the r.f. stage and radiation from

the detector, completely-separate
compartments are used for the r.f.
and detector stages. These com-

partments consist of identical
boxes that measure 17§ inches

square and 3 inches long. The tube
sockets are mounted on the end
plates, and all of the connections
to the sockets are made before the

¢

Heaters

Fig. 12-5 — Wiring diagram of the 4-tube | i

t.r.f. superregenerative receiver. Shield T

compartments housing r.f. and detector

stages are shown by dotted lines.

Ci, Cs — Split-stator condenser (Cardwell ZV-5-T8).
See text.

Co, Cz, C4 — 470-puld. midget mica.

Cs, C; — 47-pufd. midget mica.

Cg — 0.0022-xfd. midget mica.

Co, C11 — 10-pfd. 25-volt midget electroiytic.

Cio, Ci2 — 0.1-pfd. paper.

Ri1 — 1500 ohms, 1§ watt.

Re, 37, Bs — 0.1 megohm, !5 waltt.

Rz — 3.3 megohms, 14 watt.

Rs — 39,000 ohms, 14 watt. See text.

Rs — 0.5-megohm potentiometer.

Re¢ — 2200 ohms, 14 watt.

Ry — 680 ohms, 14 watt.

AWA
[

| +8 150 V.
-z Power Plug (See Text)
on Chassis

on Cable

Rio — 50,000-ohm potentiometer.

Rii — 22,000 ohms, 1 watt.

i —2 t. 34-inch i.d. No. 18 enam. inserted between
turns of Lz at cold end.

Lz — 4 t. 34-inch i.d., ?4 inch long, No. 18 tinned.

Ly — 5 t. center-tapped, 14 inch long, No. 18 tinned.
R.f. eoupling tap 1 t. from grid end.

L4 — Midget audio or filter choke (Inca D-92).

J1 — Coaxial socket (Jones S-201). Matching plug for
antenna is P-101 or P-201.

J2 — Headphone or *speaker jack.

REC — See text.

S1 — S.p.s.t. switch on Rip.

Ss — D.p.s.t. toggle switch.

T1 — Midget audio transformer (Thordarson T-13A34).



Fig. 12-6 — Close-up view of the r.f. and superregenera-
tive-detector compartments, with back plates removed
to show details. Top, back, and right side may be re-
moved from either assembly, providing accessibility
despite compact design.

The two r.f. chokes, RFC, are homemade
affairs wound on l-watt IRC composition re-
sistors — 0.22 megohm or higher — of the in-
sulated type that is 14 inch in diameter and
214, inch long. The ends are notched with
a small file or saw, to prevent the ends of the
coil wire from slipping after they have been
soldered to the pigtail leads of the resistor,
and then a single layer of No. 30 d.s.c. is
wound on for a length of 1745 inch. No lacquer
or dope should be used on the winding be-
cause of the increased distributed capacitance
that would result.

Adjustments
When the receiver is completely wired the
first move should be to check de-
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Next, the tuning range should be checked by
means of Lecher wires or an absorption-type
wavemeter. With the values given, 144 Me.
should fall at about 80 on the dial, with 148 Mec.
at around 60. The position of the r.f. coupling
tap on Lz will have considerable effect on the
resonant frequency of the combination. Its
position is not eritical, except for its effect on
the tuning range of the detector circuit, but
the spacing of the turns in the coil will have to
be changed if the position of the tap is materi-
ally different from that given.

When the detector is found to be in the
band, the r.f. stage may be put into operation.
With any of the shields removed, or with no
antenna connected, the 6AKS5 will probably
oscillate, blocking the detector, but this effect
will disappear when the two compartments are
completely assembled and an antenna attached
by means of the coaxial connector. If the r.f.
stage is operating properly there will be slight
change in the character of the hiss when the
stage 1s tuned through resonance. Using a sig-
nal generator (the harmonic of any oscillator
which falls in the 144-Mec. band will do) or the
signal of a 144-Mec. station, there will be a pro-
nounced drop in background noise and a slight
change in dial setting of the detector when the
r.f. stage is tuned ““on the nose.” Once the r.f.
tuning is adjusted for maximum response,
preferably on a weak signal near the middle of
the band, it may be left at that setting for all
except the very weakest signals at either end.

Power Supply

Power-supply filtering and regulation are
important factors in attaining smooth and
efficient performance with superregenerative
detectors. The power plug mounted on the
back of the chassis provides a separate con-
nection (Pin 5) for the detector and r.f. +B,
in order that this may be drawn from a regu-

* lated source, such as a VR-150. The other pin

marked “+4B” (Pin 4) supplies the audio
tubes, and the voltage used here need not be
regulated. If “B’" batteries are used — and
they are highly recommended for mobile oper-

tector operation. With the 6 A5 in
its socket, but with no plate or screen
voltage applied to it, apply the plate
voltage to the detector and check for
the customary hiss. Try the regen-
eration control, 1y, to determine
whether the detector goes in and out
of superregeneration smoothly. Some
variation in values of Rz, R4 and Cj
may be necessary to attain this end,
and some 6C4s work better than oth-
ers in this respect.

¢

Fig. 12-7 — Bottom view, showing audio-
component arrangement.
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ation — Pins 4 and 5 may be connected to-
gether in the power socket on the cable. The
use of ““B’”’ batteries in mobile work will result
in better sensitivity and more quiet operation
than will be available with any sort of mobile
power supply, vibrator or dynamotor, and the
drain from the car battery will be negligible
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during receiving periods. Medium-size “‘B”
batteries will last through a year or more of
normal operation. When batteries are used,
the on-off switch, Ss, should be thrown to the
““off”” position when the receiver is not in use,
otherwise therc will be a small continuous drain
on the batteries through the Ri¢-R11 bleeder.

Simple Two-Tube Converter for 50 Mc.

When a high intermediate frequency is used,
image rejection is not a problem, and r.f. se-
lectivity in the converter is not particularly
important, especially when the converter is
used in conjunction with a highly-selective
communications receiver. Thus quite satisfac-
tory performance can be obtained without the
use of an r.f. amplifier stage. The new high-
transconductance miniature pentodes,

pacitor Cy is ganged with the oscillator tuning
condenser, Cg.

The oscillator operates over a range 10.5
Mec. higher than that of the mixer, and the
mixer plate cireuit is tuned to this intermediate
frequency. With this i.f., the fifth harmonic of
the receiver's local oscillator (10.955 X 5 =
54.775 Me.) appears just outside the high end

such as the 6 AKS5, are excellent as mix-
ers, and a two-tube converter incor-
porating the 6AKS5 in an appropri-
ate circuit will give a degree of per-
formance formerly obtainable only
with more complex designs. Such a
converter is shown in Figs. 12-8-12-12,
It was designed by Richard W. Hough-
ton, WINKE, and was described in
detail in @ST for June, 1946. Though it
was laid out particularly for use with
an HRO it may be used effectively
with any communications receiver
capable of tuning to 10.5 Mec.

As shown in the schematic diagram,
Tig. 12-10, the oscillator voltage is in-
jected at the screen grid of the mixer
tube. The coupling condenser, Cg, has
sufficient capacitance to act as the
6 AKDb sereen by-pass condenser as well,
The grid tank circuit, comprised of
Lg in parallel with €y, Cs and Cj, reso-
nates over the operating frequency
range, 49.5 to 54.8 megacycles. Ca-

IFig. 12-8 — This two-tube 50-Mec. converter in-
corporates miniature tubes and obtains its
power from the communications receiver with
which it is used. The toggle switch at the left
cuts the filament circuit when the unit is not in
use. The control at the lower right transfers the
antenna from the converter to the receiver for
normal reception.

*

¢

Fig. 12.9 — The r.f. construction of the 50-
Mec. converter is shown in this above-chassis
view, The 6C4 oscillator is at the left and
OAKS mixer at the right on the subchassis. 'The
10.5-Mec. i.f. output coil is in the foreground.
Flexible ground leads are shown connected to
their binding posts in the position normally
used for grounded antenna systems.
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of the tuning range, sufhi-
ciently far from the cali-
brated band so that it does
not interfere with normal
operation. The i.f. may be
shifted slightly from the
10.5-Me. figure, if neces-
sary, to avoid strong sig-

Pn
7S,

¥YVYyY
k=
@

nals at that frequency.
Tracking is easily ac-
complished over the fre-
quency range under con-
sideration because the per-
centage of frequency
change is small. Starting
with two identical tuning
condensers (National Type
UMA-10), two plates are

e Fefel et el 2 P removed from the one used

1 in the oscillator and one
B8+ B- F plate from the one in the
250V, ©.3VY.

Fig. 12-10 — Circuit diagram of the 50-Me. converter,

Ci1 — 15-pufd. fixed temp. (Krie
NPOA).

Ca, C5 — 2-6-upfd. ceramic trimmer (Centralah 820-A).

Cz — 11-pufd. variable (National UMA-10 with 1 stator
plate removed).

Cq4 — 12-puufd. fixed ceramic, zero temp. coef.
NPOA).

Co — 9-pufd. variable (National UMA-10 with 1 stator
and 1 rotor plate removed).

C7, Cg, Co — 100-ppfd. mica or ceramic.

Cio, Ci2 47-pufd. mica or ceramic.

Cr 35-pufd. fixed ceramic, zero temp. coef. (Erie
NPOA).

Ri — 6800 ohms, 13 watt.

Rz — 1.5 megohms, 14 watt.

Rz — 0.47 megohm, 14 watt.

R4 — 0.1 megohm, 4 watt.

Rs — 22,000 ohms, 14 watt.

Re — 10,000 ohms, 1 watt.

I1 w Lg, inc. — See Fig. 12-11.

11 — 6.3-volt pilot lamp.

S1 — 4-pole double-throw switch, preferably with ce-
ramic wafers (Oak Type HC).

S2 — S.p.s.t. toggle.

ceramie, zero coef.

(Erie

N No. 28 5.5.C
L Close wound rJ
" - 4 turns — =m-d « 4tlums
= Li No.2zenom. 3+ ==L, Mo.22 cnam.
8 ==
i6 z turns
n No 22p/75t.'c
' = cov., close
Soot==71, wound
I
OSCILLATOR £
R.F.
22 turns . .
;_M’-ZZ Fig. 12-11— Coil
SHREnt: data for the 50-Me.
converter.
_lt_,, ! turn
i L A;/;; 25% c
asti
_L — & Cov.

Fig. 12-12 — A bottom view of the converter. Si, the
antenna-transfer switch, i1s at the lower left. Low-im-
pedance antenna leads should be twisted loosely as
shown. The three adjusting screws for the iron-core
inductances protrude from the chassis on either side of
the power cord.

mixer. Sufficient fixed padding capacitance,
using a zero-temperature-coefficient ceramic
for low over-all temperature drift, is added to
give the required range. The coil forms used
are provided with adjustable cores of high-fre-
quency powdered iron, providing an easily-
accessible inductance adjustment.

The wafer-type switch, S;, provides a con-
venient means of channeling either the con-
verter output or a low-frequency antenna into
the antenna terminals of the receiver. When
the converter is in use both low-frequency an-
tenna terminals are switched to ground, thus
minimizing direct receiver pick-up at the in-
termediate frequency. Single-wire or doublet
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antennas may be used at either high- or low-
frequency inputs.

When operating the receiver over its normal
frequency range, the converter filaments may
be turned off by means of switch Ss. This func-
tion also could be accomplished by means of an
additional wafer on Si.

A four-prong-to-four-prong adapter, of the
sort used for making tube substitutions, is used
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on the power cord to enable both it and the
receiver cord to be plugged into the HRO
power pack simultaneously. With receivers
having integral power packs a different ar-
rangement would be required, one possibility
being to use a similar plug adapter under one
of the power tubes in the receiver, picking up
the “B” voltage at the screen-grid pin. A
separate supply may be used if desired.

Crystal-Controlled Converter for 144 Mec.

While most converters are used in the man-
ner described above (by leaving the communi-
cations receiver set at a given intermediate
frequency and tuning the converter over the
desired frequeney range), it is quite possible to
reverse the procedure, using a fixed-frequency
oscillator in the converter and tuning the re-
ceiver. This approach is particularly advanta-
geous at 144 DMec. and higher, where the
selectivity of the tuned circuits ig such that no
adjustment of the converter circuits is required
when the i.f. (in this case usually a broad-band
receiver) is varied over a four-megacycle
range.

Several converters employing this principle
were described by Calvin T. Hadlock, W1CTW,
in the May 1946 issuc of QS7. The simmplest
is shown in Figs. 12-13, 12-14 and 12-15. It
uses a 6J6 oscillator-doubler, operating with a
928-Me. crystal, followed by a 6C4 doubler and
a 6AK5 mixer, the grid circuit of which is
tuned to 146 Mec. and coupled to the antenna.
The plate circuit of the mixer is the input eir-
cuit of a receiver (see Fig. 12-14) that tunes
the range between 30 and 34 Me. The converter

was designed for use with the National One-
Ten, a superregenerative receiver, but it should
provide excellent results when used with any

Fig. 12-13 — Top view of the three-tube 144-Mec. con-
verter using a 10-meter crystal. Space is provided at the
right of the mixer for addition of an r.f. stage.

CI lput to
L 1-10 Recvy:
5
iz
L1}
I Le
2 =4 PR
H| TeSE 7 ¢
o[Rg 3 _f "
b

B+ B- 63V.AL
200V. HEATERS

Fig. 12-14 — Schematic of the 3-tube 2-meter converter, using a 28-Mec. crystal.

Ci, Cs, Co —470-pufd. mica.

Co, Cr 100-gufd. mica.

C4, Co — 15-pufd. (10 to 20) ceramic or mica.*
Cs — 22-pufd. (15 to 23) ceramic or mica.*
Cs — 2.2-pufd. ceramic or mica.

Cio, Cig — 47-upfd. mica.

C11 — 100-ppfd. mica.

Ci13 — 15-pufd. variable, National UMA-15,
Ri1 — 22,000 ohms, 14 watt.

Rz — 4700 ohms, 14 watt.

Rz — 0.1 megohm, 1% watt.

R4 — 4700 ohms, 1% watt.

Rs — 0.1 megohm, 14 watt.

Rg — 4700 ohms, 14 watt.

R7 — 0.25 megchm, 14 watt.

Rs — .75 megohm, 14 watt.

Ro — 4700 ohms, 14 watt.

Li — XR-50 coil form, ungrooved, 11 turns No. 22
enam., close-wound, center-tapped.

Lz — XR-50 coil form, ungrooved, 5 turns No. 16 enam.,
spaced 14 dia. of wire, center-tapped.

L3z — XR-50 coil form, ungrooved, 3 turns copper strip,
342 inch wide, spaced 342 inch, center-tapped.

L4 — 114 turns of No. 14 copper wire, 1% inch in diame-
ter.

* C4, G5 and Cp should be selected in value so that plugs
extend fairly well out from center of coil at res-
onance.
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Fig. 12-15 — Bottom view of the three-tube 2-meter
converter. Note the fixed-tuned tank circuits mounted
along the back edge of the chassis. The two short leads
at the upper left connect to the antenna terminals of
a One-Ten receiver.
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of several AM-FM receivers that are capable
of tuning this range.

It is built on a chassis of folded aluminum
6 X 414 X 114 inches in size. Space is left on
the chassis for addition of an r.f. stage, if de-
sired. The first half of the 6J6 is a conventional
triode crystal oscillator, the second half acting
as a doubler, driving a 6C4 doubler. With the
values shown, the second 6J6 grid will have
about 20 volts of excitation, as measured with
a high-resistance voltmeter across R3. The
voltage developed across Rs will be about 25 to
30 volts. The 6C4 doubler provides about 10
volts on the mixer grid before the r.f. input
circuit is connected. With the input circuit
connected and adjusted to approximately the
middle of the 2-meter band, the excitation
voltage drops to about 1 volt, which is suf-
ficient for good conversion with the grid-leak
injection shown. A very high-resistance volt-
meter should be used for these measurements.
A 100-microampere meter with a 0.5-megohm
resistor in series is suitable.

One-Tube Converter for 144 Mc.

A simple converter employing a single 7I'8
tube is shown in Figs. 12-16-12-19. It is de-
signed to work into a communications receiver
on either 10.7 or 27.9 Mec., the latter frequency
being provided so that the converter may be
used with v. h.f. superheterodynes such as the
Five-Ten, NHU, 8-27, 8-36, and others which
do not tune to the lower frequency. While it
was designed for maximum simplicity, 1t is
capable of outperforming the best superregen-
erative receivers in weak-signal work. If
greater sensitivity is desired, one or two stages
of r.f, amplification (Figs. 12-20-12-22) may
be added.

From the schematic diagram, Fig. 12-18, it
may he seen that one section of the 7F8 dual
triode is used as a mixer and the other as a

Colpitts oscillator. Stability, an important
factor in v.h.f.-converter design, is assured as
the result of several precautions. The tuned
circuit has a high C/L ratio, the coil is mounted
rigidly on the tuning condenser, and the tube
is mounted below the chassis to minimize
heating effects. The Colpitts oscillator circuit
permits grounding the cathode, preventing
a.c. hum modulation, a common trouble when
the eathode is operated above ground in v.h.f,
circuits.

Mechanical Details

No attempt was made to gang the oscillator
and mixer tuning controls, as the mixer setting
is sufficiently broad so that it may be peaked at
146 Mec. and left in that position for the whole

Fig, 12-16 — Front-
panel view of the sim-
ple 2-meter converter.
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Fig. 12-17 — Top view of the
simple 2-meter converter. At
the right are the mixer tuned
circuit and antenna coupling
coil. Oscillator components
are at the left. The shield at
the rear of the chassis houses
the output coupling trans-
former. The trimmer attached
to the 7F8 socket terminals is
the oscillator injection con-
denser, Cs.

4

band. The oscillator tuning condenser, Co, a
split-stator variable, was made from a Millen
Type 21935, originally a 35-uufd. single-seec-
tion double-spaced midget variable. A section
of the stator bars 14 inch long is sawed out of
the eenter of the condenser, leaving four stator
and five rotor plates in each section. The three

Y|

Fig. 12-18 — Schematic diagram of the 7I'8 converter
for 144 Mec.

C; — 10-pxpfd. variable.

Cz2 — 15-upfd. per section, split stator. See text.
Cs — 3-30-uufd. air trimmer (Silver Type 619).
C4 — 3-30-pufd. mica trimmer.

Cs, Co — 47-upfd. mica or ceramic.

C7 — 27-pufd. mica or ceramic.

Cg — 470-pufd. mica.

Ri1 — 1 megohm, 14 watt.

Rz, Rz — 10,000 ohms, 14 watt.

R4 — 2200 ohms, 14 watt.

Li — 3 turns No. 12, 3§-inch i.d., 1% inch long.
L2 — 2 turns “push-back,” 34-inch i.d., inserted in cold

end of Li.
L3 — 2 turns No. 12, Y.inch i.d., spaced 14 inch, center-
tapped.

J1 — Coaxial jack (Jones S-201).

Ti: — 29.7-Mec. i.f.: 9 turns No. 22 d.s.c. wire, spaced
one diameter, on National XR-50 form (slug-
tuned). Coupling winding: 2 turns No. 22
d.s.c. wire, interwound in cold end of main
winding.

—10.7-Mec. if.: 22 turns No. 22 enameled wire,
close-wound on National XR-50 form (slug-
tuned). Coupling winding: 3 turns No. 22
enameled wire wound over cold end of main
winding. Insulate between two windings with
polystyrene or other insulating tape.

extra rotor plates, at the center of the rotor
shaft, may be removed with long-nosed pliers,
The condenser is mounted with the stator
bars at the top, permitting the two-turn coil
to be soldered directly to the sawed ends of
the bars, for solid mounting. The parallel
padder, C3, is an air trimmer of new design
(Silver Type 619), or a mica trimmer may be
substituted, if necessary.

The vernier dial used is a National Type K,
but a large knob is substituted for the small
one with which the dial is equipped, giving the
converter tuning a communications-receiver
quality. The appearance of the converter was
further dressed up by giving the panel a
‘““watch-case’ finish. This is done with a small
wad of steel wool in a drill press, or it may be
done by hand with somewhat more effort.

The tube is mounted with its socket above
the chassis, providing short r.f. leads. The ar-
rangement of the smaller parts should be ob-
vious from the photographs. Oscillator injec-
tion is controlled by the mica trimmer, Cjy,
which is mounted directly on the oscillator-
plate and mixer-grid prongs of the tube socket.
Its setting is not critical; it may be left near
the minimum capacitance of the condenser.

The output coupling transformer is housed
in a cut-down i.f. shield can, with the mixer
plate lead coming out of a hole in the side.
Winding data for both 10.7- and 27.9-Me.
transformers are given. The higher frequency
is recommended for use wherever possible. The
fixed padder, C'7, and the by-pass condenser,
Cs, are mounted inside the i.f. shield. Con-.
verter output is taken off through a coaxial
cable and fitting, though the latter may be
eliminated if desired.

Ordinarily the receiver with which the con-
verter is to be used will be capable of supply-
ing the 6.3 volts a.c. at 0.3 amp. and 150 volts
d.c. at 5 ma., but a separate supply may be
used if desired. If the supply voltage is much
over 150 volts, a dropping resistor should be
used to bring it down to about that value.
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Fig. 12-19 — Bottom view of the converter
shows the 7I'8 tube mounted below the
chassis. The i.l. core adjusting screw is in
front of the tube. At the right, on a bracket,
is the coaxial fitting for i.f. output.

appreciable pick-up at the i.f. fre-
quency. If any strong signals are
present, the i.f. may be shifted to
any clear frequency.

Next, the tuning range of the os-
cillator should be checked. When
the converter is to be used with a
27.9-Me. i.f., the tuning range of the
oscillator will be 116.1 to 120.1 Me.
With a 10.7-Me. i.f. it will be 133.3

The converter is built on a folded aluminum
chassis made from a sheet 4 X 10 inches in
size, 2 inches being folded over on either end.
The panel is 5 X 8 inches. The coaxial fitting
and the antenna terminals are mounted on
small aluminum brackets. The panel is fas-
tened to the chassis by means of I4-inch-
square rods, but small angle brackets would
serve equally well.

Adjustments

Adjustment and testing of the converter are
simple enough, if a calibrated signal generator
is awvailable. Lacking this, harmonies of a
VFO, or even the radiation from a receiver
oscillator, may be used. A superrcgenerative
receiver, the tuning range of which is known,
may also be used as a signal generator. First,
the i.f. output transformer should be tuned to
27.9 or 10.7 Mec. by means of its adjustable
core. The exact frequency emploved is, of
course, unimportant, as the coaxial cable be-
tween the converter and receiver will prevent

Fig. 12-20 — A two-stage grounded-grid r.f. amplifier
for 144 Me,

to 137.3 Mec. Either of these ranges
can be reached by adjustment of the parallel
air trimmer, C3. Bandspread, with the higher
1.f., will be about 80 divisions. With the low 1.f.
it will be somewhat less. The oscillator may be
checked with a calibrated absorption-type
wavemeter, or by listening to it in a calibrated
receiver.

A strong signal near 146 Mec. should then
be tuned in, and the mixer condenser adjusted
for maximum response. As the oscillator fre-
quency varies when the mixer tuning is
changed, it will be necessary to rock the osecil-
lator dial back and forth across the signal as
the mixer tuning is adjusted. Once the proper
setting of 1 has been determined, it may be
left set for the entire band. When a sensitive
receiver is used as an i.f. system quite good
sensitivity will be obtained, and a signal of
one microvolt or less will produce a plainly-
audible response.

@® : 144-MC. GROUNDED-GRID
R.F. AMPLIFIER

The two-stage r.f. amplifier unit shown in
Figs. 12-20 through 12-22 may be used with
the simple converter deseribed above, or with
any other 2-meter receiver where an improve-
ment in sensitivity and image rejection is
desired. It employs two 6J4 triodes in a
grounded-grid circuit. Other tubes might also
be used, but the 6J4 was designed especially
for this service and has internal shielding which
reduces the likelihood of self-oscillation trou-
bles. In the grounded-grid ecircuit, the signal
input is to the cathode of the tube instead of
the grid, which is connected directly to ground,
as the name implies.

In the unit shown, the antenna is coupled
to a tuned circuit in the cathode of the first
tube, the plate eircuit of which is also tuned.
Coupling between stages is effected by a small
capacity, 'y, which is tapped down on the plate
coil, Lz. The cathode of the sccond stage is
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returned to ground through an
r.f. choke and a bias resistor, 2.
Both cathodes are maintained
above ground for r.f. by inser-
tion of r.f. chokes in the heater
leads. The plate circuit of the
second stage is link-coupled to
the mixer, the coupling line being
brought out through two Na-
tional FWG terminals at the
back of the chassis. All three
tuned circuits are provided with
front-panel controls, for case of
adjustment, but only the plate
tuning of the sccond stage will
require any readjustment in tun-
ing over the band. The other
two controls may be set at 146
Me. and no noticeable change
in signal strength will be ob-
tained if they are repeaked for
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Fig. 12-21 — Schematic diagram of the 6J4 r.f. amplifier.

Ci1, Ceo, C3— 15-pufd. midget vari-
able (Millen 20015).

Cy, Csz Cs, Cr, Cs—470-puufd.
midget mica.

Cy — A7 -ppfd. mica.

Ri, Ra— 220 ohms, 4 watt.

Rz, Ri— 470 ohms, 14 watt.

Rs, Rg — 10,000 ohms, 10 watts.

L1 — 4 turns No. 14, 34-inch in-
side diameter, 14 inch long,
tapped 114 turns from cold

l.e —2 turns ‘“‘push-back,”’ inter-
wound in L.

Lz — 3 turns No. 14, 24-inch inside
diameter, 24 inch long,
center-tapped.

L.+ — Same as L3, but without tap.

I.s — 2 turns “push-back,” inter-
wound in Ly,

RIFFC — No. 22 d.s.e. wire close-
wound on l-watt carbon
resistor. Winding length

a signal at either end. end.
The r.f. amplifier is mounted
on a chassis similar to that used
in the simple converter.It is 2 X 4 X 6 inches
in size, and was bent from a 4 X 10-inch piece
of aluminum. The front pancl is cut to fit,
being approximately 2 X 6 inches in size.
Interstage shiclds are sheets of copper, notched
to fit closely over the center of the 6J4 tube
sockets, which are mounted in such a position
that the cathode and plate terminals come on
opposite sides of the shield. The three grid
pins (1, 5, 6) are soldered directly to the shield
itself, or grounded to soldering lugs under the
screws with which the sockets are mounted.
All leads should be as short as possible.
The amplifier unit may be operated from
the same power supply as that used with the
converter, but eare should be taken to see that
the plate voltage on the 6J4s does not exceed
150 volts. The performance of the unit does not
change materially with a considerably-lower

voltage, and it was found advisable to operate '

it from a bleeder tap (R5 Rg) as shown in the
schematic diagram, when the amplifier was

1742 inch.

used in conjunction with the 7F8 converter
and a 150-volt supply.

With the constants shown, the circuits will
tune near minimum capacitance. Tuning the
circuits to resonance produces a different
result for each circuit. The noise output
drops appreciably as the first ecircuit hits
resonance; in the second there is only a slight
noise change; while in the third the noise
ncreases noticeably at resonance. Best re-
sults will be obtained if each circuit is ad-
justed while listening to a signal. If the re-
ceiver has an S-meter, the amplifier should
be tuned for maximum reading on a medium-
strength signal; if no S-meter is available, the
adjustments should be made with the a.v.c.
off, otherwise small changes in signal level will
be difficult to deteet. Once €1 and C»s have been
set near the middle of the band they require
no further adjustment, and C3 may be re-
peaked for maximum noise as the converter
is tuned across the band.

L4

Fig. 12-22 — Bottom view of
the grounded-grid r.f. ampli-
fier. At the left are the cathode
input circuit and antenna
coupling. The center com-
partment contains the plate
circuit of the first stage and
cathode circuit of the second.
The right-hand compartment
houses the plate circuit of the
second stage, and the output
coupling.
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CHAPTER 12

Mobile Receiving Equipment

Probably the most satisfactory method of
obtaining reception on 50 and 28 Me., in cars
equipped with broadecast receivers, is the use
of a converter of simple design, working into
the car receiver at 1600 ke. Some other ar-
rangement must be made for 144 Me. and
higher, however, as the i.f. used for these fre-
quencies must be higher than 2 Me., to avoid
image troubles. One solution, in areas where
there is extensive use of erystal-controlled
transmitters, would be a converter having an
i.f. of about 30 Me., working into a second
mixer-oscillator whose output would be 1600
ke., for working into the car broadcast receiver,

Most mobile reception on frequencies from
144 Mc. up has been done with simple super-
regenerative units, or, in a few cases, complete
receivers designed especially for 144-Me.
work. With either of these approaches it is
difficult to achieve satisfactory performance
on all three of the popular mobile bands, 2, 6
and 10 meters. One way of attaining this end
involves the use of a superheterodyne con-
verter (or econverters) and a high-frequency
if. (in the vicinity of 10-20 Me.) working into
a superregenerative second detector. This is
particularly useful for installations where no
broadcast receiver is available.

. A SUPERREGENERATIVE ILF.
AND AUDIO UNIT

The high sensitivity, noise rejection, and
a.v.c. characteristics ‘of the superregenerative
detector make it useful in mobile operation.
The chief difficulties inherent in this type of
receiver, broadness of tuning and radiation of
an interfering signal, can be overcome at least
partially through the use of a superregencrative
stage as the second detector in a superhetero-
dyne receiver. The i.f. amplifier and audio unit
shown in Figs. 12-23-12-26 was designed espe-
cially for mobile operation. Two converters,
shown in Figs. 12-23 and 12-27-12-31, working
with this unit, provide mobile reception on 2,

6, 10 and 11 meters. The space availablein a
particular make of car will influence the form
factor of the units, but these are representative
designs, The two converters, one for 6-11
meters and one for 2 meters, are intended for
steering-post mounting, while the i.f.-audio
unit is shaped to fit into either a glove or radio
compartment.

Little need be said about the i.f. unit, as
there are few critical factors, and mechanical
layout is relatively unimportant. Only four
tubes are used: a 6AGSH 11-Me. i.f. amplifier,
a 6C4 superregenerative second detector, a 6C4
first audio amplifier, and a 6 AKK6 second audio.
Note that both audio stages are transformer-
coupled, this method having been used in
preference to resistance coupling, as experience
has shown that the former makes for smooth,
quiet operation when superregenerative de-
tectors are employed. ,

The input stage of the unit should be well
shielded, not only to prevent oscillation, but
to reduce pick-up on 11 Me. When the unit is
installed in a car this is not troublesome, but
in home-station work, 11-Mec. interference can
become quite severe, especially during evening
hours.

The tuned circuits used in the 11-Me. ampli-
fier, the superregenerative detector, and as out-
put coupling units in the two converters, are
all similar. The coils are wound of No. 22
enameled wire on National XR-50 core-tuned
forms, the secondary winding occupying the
entire winding space. A simple way of securing
the primary is to wrap a layer of Scotch Tape,
sticky side out, around the ground end of the
secondary. The primary winding will then
stick as it 1s wound on, and holding it in place
will be no problem. A small tab of tape, or
household cement, will suffice.

'@ A CONVERTER FOR 50

AND 28 MC.
The three-tube converter shown in Iigs.
12-23, 12-27 and 12-28 covers the 50-54 Me.

L 4

Fig, 12-23 — The three-
tube converter for 6
and 10 meters con-
nected to the 11-Mec.
i.f. amplifier and
audio system. The con-
verter is mounted on
the steering post, while
t e i.f. unit is designed
for glove-compartment
mounting. The object
above the converter
dial is an adjustable-
beam dial light,

¢
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6AGS GC4 6C4 6AKG

314 3[4 314l 3] 4

-A
-B
Fig. 12-24 — Wiring diagram of the i.f. unit using a superregenerative second detector and two audio stages.
Ci, C5 — 47-pufd. cer{zmic. . tional XR-50 form. Primary: 3 turns No. 22
Cz, C3 — 470-upfd. midget mica. enam. close-wound on layer Scotch Tape over
Csy, Cs — 100-ppfd. m]dget mica. ground end of Li.
Cs, C7 — ().QObS-#{d. mica. ) L3 — Midget filter or audio choke.
Ca, C10 — 25-ufd. 50-volt electrolytic. J1 — Coaxial socket (Jones S-201).
Ci1 — 0.1-pfd. 600-volt tubular. J2 — "Speaker or headphone jack.

Ri — 270 ohms, carbon. Js — 5-prong plug for converter power, mounted on
Rz — 10,000-ohm potentiometer. back of chassis.

%3 _ 11105)0 olmris. J4 — Octal plug, mounted on back of chassis.
Rf _ 50 Orgggoohg]s'otcmiom fer P1 — Octal socket on power cable.
- e eter. RFC; — 2.5-mh. r.f. choke (National R-100).

Re — 47,000 ohms, 1 watt. o S e
Tty — 025 mcwohivn potoHtEmetss; RFC2 — One “pie” from National R-100, mounted on

—9 1-watt resistor.
s ;l,f,fglfﬁ;m_ RFCs — 80-mh. r.f. choke.
Rio — 680 ohms. 51 — S.p.s.t. toggle switch, bat-handle type.
All resistors lg-watt type unless otherwise indicated. S2 — S.p.s.t. switch, mounted on Rz,
Li, Le — 22 turns No. 22 enam., close-wound on Na- T1, Te — Midget interstage audio transformers.
and 27-30 Mec. ranges by means of plug-in The converter layout, shown in Fig. 12-27,
coils. Using the 11-Me. intermediate fre- makes some sacrifices in accessibility for the

queney, it is possible to cover the two bands  sake of compactness; however, by planning the
with a common oscillator coil, the oscillator construction earefully, the builder should have
running on the low side of the signal frequency  no trouble in assembling or adjusting the con-
for 50-54 Mc. and on the high side for 27-30  verter. Parts are mounted on an *‘L’-shaped
Me. It is thus merely necessary to change the aluminum chassis, with a cover of the same
mixer and r.f. coils when changing bands. general shape, making a case that is 2 inches
Three tubes are used: a 6AKS5 r.f. amplifier, wide, 3 inches high, and 614 inches long. N
a 6AKS5 mixer, and a 6C4 oscillator. Octal sockets for the plug-in coils (Millen

Fig. 12-25 — Rear view of the 11-
Me.-i.f. /audio unit. The tubes nearest
the panel are the i.f. amplifier, left,
and the superregenerative detector.
The octal plug on the back of the
chassis is for the power cable, while
the 5-prong plug connects through
another cable to the converter. The
toggle switch is the B+ stand-by
switch. ’
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Fig. 12-26 — Bottom
view of the i.f.-audio
unit, showing arrange-
ment of parts. At the
upper right, in a par-
tially-shielded com-
partment, are the parts
comprising the i.f.-am-
plifier input circuit. In
the center are the de-
tector socket and asso-
ciated parts. At the
left and rear are the
audio components,

74001 shielded core-tuned forms) are mounted
along the top edge, with the corresponding
tube sockets projecting from the right side.
The oscillator ecompartment is at the front,
nearest the dial —a “must” when flexible
couplings are used for ganging. The middle
compartment houses the mixer-stage com-
ponents, including the core-tuned i.f. output
coupling transformer. Coupling between the
oscillator and mixer is obtained by means of a
piece of ‘‘push-back’ wire which is soldered to
the oscillator tuned circuit and then wrapped
around the r.f.-plate or mixer-grid lead. The
coupling should be set at the lowest wvaluc
that will provide maximum signal strength.
At the back is the r.f. section, which is pro-

vided with a coaxial input jack for antenna
connection.

As this converter may be used with conven-
tional i.f. systems, provision was made for in-
corporating a.v.c. Instead of grounding the
grid returns from the r.f. and mixer tubes, these
returns are brought out, through resistors Iy
and Rj, to a separate pin on the power-cable
socket. The corresponding pin in the i.f. unit
is connected to ground.

The oscillator circuit is high €, for maximum
stability, the capacitance other than that of the
variable condenser being supplied by a cer-
amic padder, consisting of 20-uufd. and 27-
ppfd. units in parallel with the tuning con-
denser. Adjustable padders are used in the

Fig. 12-27 — Interior
view of the 28- and
50-Me. converter, with
cover removed. The
mica trimmers are ad-
justed through small
holes in the chassis
cover. The oscillator
compartment is at the
front (right), the mixer
in the middle, and the
r.{. amplifier at the left.
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Fig, 12-28 — Schematic diagram of the mobile converter for 27 to 54 Me.

Ci, Cs— R.f. and mixer tuning condensers (National
UM-15 reduced to 2 stator and 2 rotor plates).

Ce, C4 — 3-30-pufd. mica trimmer.

Cs — Oscillator tuning condenser (National UM-35 re-
duced to 4 stator and 4 rotor plates).

Cs, C7, qu Co, Ci1, Ciz, Ciz, Ci5, C16 — 470-pufd. midget
mica.

Cio0, C1z — 100-ppfd. mica.

Cia — 47-upfd. ceramic.

Ciz 47-pufd, ceramic (20 and 27 pufd. in parallel).

Ri, Rs 0.22 megohm.

Reo, R3, Rs, Rg — 270 ohms, carbon.

R4, R7 — 1.0 megohm.

Re — 6800 ohms.

Rio — 47,000 ohms.

(All resistors l4-watt rating.)

mixer and r.f. circuits to facilitate tracking.
These are mica trimmers, but the coil induect-
ance is adjusted so that the trimmers tune
nearly wide open, and small changes in plate
spacing have a negligible effect on the ca-
pacitance. Tracking is made easy by the ad-
justable-inductance feature of the coil forms.

In putting the converter into operation it is
best to start by establishing the tuning range of
the oscillator, which may be checked with an
absorption wavemeter or monitored by a re-
ceiver that is capable of tuning from 37 to
43 Mec. It is useful to have the réceiver
capable of tuning in the high end of the

L1 — R.f. coil. 28 Mec.: 10 turns No. 22 enam., 34 inch
long. Primary: 2 turns No. 28 d.s.c. interwound
in cold end of L1. 50 Mec.: 5 turns No. 22 enam.,
34 inch long. Primary similar to 28-Mec. coil.

Lz — Mixer coil. 28 Mec.: 9 turns No. 22 e., 34 inch
long. 50 Me.: 4 turns No. 22 e., 3% inch long.

Lz — I.f. output transformer. 22 turns No. 22 enam.,
close-wound on National XR-50 form. Coupling
winding: 2 turns No. 20 ““push-back,” wound at
cold end of Ls.

Las — Oscillator coil. 214 turns No. 22 enam., %i¢ inch
long. Feed-back winding: 2 turns No. 28 d.s.c.
interwound between turns of La.

Ji1 — Coaxial socket (Jones S-201).

P1 — Coaxial plug (Jones P-201).

P2 — 5-prong socket on power cable.

Once the oscillator is tuning the desired
range, the mixer should be put into operation.
For test purposes, a temporary primary may
be wound on the mixer coil, using two of the
spare pins on the coil and socket for bringing
out the leads thereto. From here on, a signal
generator which tunes the desired frequency
ranges is useful, but it is not absolutely neces-
sary. A signal from a VFO, or the harmonics
of several erystals, can be made to serve the
same purpose, The signal from the oscillator
in a communications receiver can be used also.

old FM band, so the oscillator may
be made to hit 37 Mec. or so at the low-
frequency end of its range. If the in-
ductance of the coil is properly ad-
justed, 43 Mec. (oscillator frequency)
will come at the high end. This gives a
spread of about 70 divisions for the
50-Me. band, and about 50 divisions
for 27 to 30 Me. If more spread is de-
sired for the 10-meter band, a separate
oscillator coil for that band may be
made, and additional padder capaci-
tance built into the r.f. and mixer
coils for 10 meters.

4

Fig. 12-29 — TFront view of the 144.Mc. con-
verter. The entire unit is contained in a
standard 3 X 4 X 5-inch case.
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Fig., 12-30 — Schematic diagram of the 144-Mec. converter with 11-Mec. output.

C1 — 3-30-pufd. mica trimmer.

C2 — Cardwell “butterfly” condenser, 1 rotor plate with
1 stator plate on each side. See text.

C3z — 25-pufd. trimmer with screwdriver adjustment
(Millen 26025).

C4 — Oscillator tuning condenser (Millen 20015 reduced
to 1 stator and 1 rotor plate).

Cs, Cg, Cs, C11 — 470-pufd. mica midget.

C7 — 47-ppufd. ceramic.

Co — 4.7-pufd. ceramic.

Cio — 100-pufd. mica midget.

Ri1 — 10,000 ohms.

Rz — 1.0 megohm.

Rz — 270 ohms.

The signal source should be fed into the con-
verter by direct connection to the temporary
primary or by means of a pick-up antenna,
and the output of the converter fed into a
communications receiver tuned to 11 Me. If
the converter is working there will be an ap-
preciable increase in receiver noise as the plate
voltage is applied to the mixer, and this will
increase as the mixer grid and plate circuits
are resonated.

Tracking is accomplished in the usual way,
except that no squeezing of turns is required
for inductance adjustment. With a signal near
the high end of the band, adjust the trimmer,
C4s, for maximum signal or noise. Tune to
near the low end, and recheck the setting of Cj.
If the trimmer capacitance has to be increased,
the coil inductance is low; if the capacitance
has to be decreased the inductance is too high.

R4 — 22,000 chms.

Rs — 10,000 ohms.

All resistors lg-watt carbon.

Li — 3 turns No. 12 tinned, 3% inch long, 3%-inch in-
side diameter. Primary: 2 turns No. 20 “push-
back” interwound at cold end of Li.

Le — 22 turns No. 22 enam., close-wound on National
X R-50 form. Coupling winding: 3 turns No. 22
enam. wound on layer of Scotch Tape over cold
end of Lo.

Ls — 3 turns No. 12 tinned, 1% inch long, 14 -inch inside
diameter, tapped 1 turn from cold end.

J1 — Coaxial socket (Jones S-201).

Jo — 5-prong socket on power cable.

P1 — Coaxial plug (Jones P-201).

Adjust the inductance by moving the core
(moving the core inward increases the induct-
ance) and repeat the trimmer-setting process
until the band can be tuned without any re-
adjustment of C'y. When the mixer is function-
ing properly the same procedure should be fol-
lowed with the r.f. coil. It is well to note the
performance of the mixer alone, as this will
serve to determine whether the r.f. stage is
performing as it should. There should be a
noticeable increase in sensitivity when the
r.f. stage is added, but if the mixer is function-
ing correctly it should be possible to get quite
good performance with the mixer alone.

It is well to make all converter adjustmerg:s
with a communications receiver serving as the
i.f., as it is difficult to observe minor changes
when the superregenerative detector is used,
because of its strong a.v.c. characteristics.

L 4

Fig. 12-31 — Back view of
the 2-meter converter. Two
similar condensers mounted
at right angles comprise the
tuning assembly for the os-
cillator stage.

¢
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The i.f. system should be peaked at 11 Me.
with a signal generator, and then the converter
connected to it for an over-all check. The
performance using the superregenerative i.f.
unit will be somewhat lower than that of the
converter-receiver combination, but ordinarily
it should be possible to copy any signal on the
mobile set-up that is solidly readable when the
communications receiver is used for an i.f. sys-
tem.

. A MOBILE CONVERTER
FOR 144 MC.

The circuit of the two-tube 144-Me. con-
verter, shown in Figs. 12-29-12-31, is similar to
the lower-frequency unit, except that the r.f.
stage is omitted for the sake of simplicity.
Even without the r.f. stage, performance well
above that of the better superregenerative re-
ceivers is obtainable. The 2-meter converter
uses a 6AK5 mixer and a 955 oscillator. Be-
cause the mixer tuning is fairly broad, no at-
tempt was made to gang the tuned ecircuits,
and only the oscillator is tuned by the vernier
dial. The mixer tuning condenser is provided
with a front-panel knob, but once set for
maximum signal at 146 Mec., it can be left in
the same position for- both ends of the band
with a negligible sacrifice in sensitivity.

From the schematic diagram, Fig. 12-30,
it may be seen that the circuits of the con-
verters are somewhat similar except for the
elimination of the r.f. stage and the use of a
cathode-tapped coil in the oscillator eircuit of
the 2-mecter unit. The converter was originally
laid out using a 6J6 push-push mixer, but be-
cause of the difficulty of obtaining satisfactory
performance with this arrangement, it was
changed to the 6AKS. The ‘“‘butterfly’ tuning
condenser used is a hangover from the 6J6
sct-up — an  ordinary Trim-Aire, with its
stator sawed in half, would do.

All the parts are mounted on the front panel,
so that the complete unit can be removed from
the case intact. Sections of the folded-over
edge of the case were sawed out at several
points to provide space for easy removal. The
oscillator and mixer assemblies are mounted on
individual subpanels of folded aluminum, and
most of the wiring can be done before these
assemblies are fastened to the front panel. The
coaxial socket for the antenna connection is
mounted on a separate aluminum bracket, and
projects through a hole located in the back of
the case.

Injection of oscillator voltage is accomplished
in a manner similar to that used in the other
converter, except that a smaller capacitor must
be used, otherwise the oscillator will *“ pull out”
when the mixer circuit is tuned to resonance.
A 4.7-upfd. ceramic condenser is connected to
the hot end of the oscillator tuned circuit, and
the coupling lead is run from this condenser to
the mixer grid lead. By bringing the two
tuned circuits closer together, it would be
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unnecessary to provide any coupling other
than that between the two coils.

The oscillator tuning condensers, C3 and Cy,
are similar mechanically, except that one has a,
shaft to which is affixed the vernier dial, and
the other a screwdriver adjustment. It is im-
portant that two similar condensers be used in
this arrangement, where the two are mounted
at right angles, in order that the stators and
rotors line up for direct connection without
leads. With the condensers and coil used here,
the 144-Mec. band covers about 50 divisions on
the dial, permitting coverage up to 150 Mec.
This is useful, as commercial signals are avail-
able in this range in many locations, and they
are quite helpful in making necessary receiver
adjustments and in judging the condition of
the band.

To do a complately-effective job of mobile
operation requires considerable attention to
noise reduction. With this sort of receiver, the
worst interference comes, not from the car's
ignition system, but from the generator. The
superregenerative detector provides effective
silencing for noise pulses of short duration,
such as ignition interference, but its inherent
a.v.c. characteristics make it respond to a
continuous noise such as the whine of the
generator, to the exclusion of any weaker
signal. It is for this reason that the use of “B’”
batteries for receiver plate supply is recom-
mended. There is almost certain to be enough
noise from any vibrator or generator plate
supply to effect at least a slight reduction in
the over-all sensitivity of a receiver of this
type.

Modes of Operation

Several types of reception are possible
through variation in the setting of the regen-
eration control. With the plate voltage on the
detector near maximum, the loudest ““shush”
and widest bandwidth are obtained. This is the
setting normally used for 144-Mec. reception of
nonstabilized signals. Backing off the regen-
cration control reduces the hiss level and sharp-
ens the response, and best all-around recep-
tion on 28 or 50 Mec. is usually obtained in this
position. Further reduction of the plate volt-
age results in a whistle being heard as carriers
are tuned in, and quite satisfactory ec.w. re-
ception is possible at this setting. From here
down, the detector is operating in a condition
in between superreger®ration and straight re-
generation for a considerable variation in the
plate voltage. It goes into straight oscillation
and then out of oscillation entirely as the

-voltage is reduced nearly to zero. Reception of

modulated signals is possible when the de-
tector is operated in a manner similar to that
used with regenerative detectors, and ‘‘hiss-
less”” reception is possible at this point. Sensi-
tivity is considerably lower, however, giving
striking proof of the value of superregeneration
as a means of attaining high performance with:
a few tubes.
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A Mobile Converter for the Car Receiver

The converter shown in Figs, 12-32-12-36 is
designed for use with a mobile broadcast re-
ceiver. Two sets of plug-in coils cover 6, 10
and 11 meters, the set not in use being plugged
into a pair of dummy sockets in the base of the
converter. Power for the unit is obtained from
the car-receiver power supply, and a switching
arrangement allows a standard car antenna to
be used for either broadcast or amateur recep-
tion. The performance of the converter may
be somewhat below that of more advanced
types employing r.f. stages, but it is adequate
for mobile operation, where high noise level
and the low power of the transmitter are lim-
iting factors.

Circuit Details

As may be seen from the diagram, Fig.
12-36, the converter uses a single 63E6 penta-
grid converter tube, employing electronic in-
jection. A Colpitts oscillator is used, permit-
ting the rotor of the tuning condenser to be
grounded and doing away with the need for a
cathode tap or tickler coil. The mixer section
also uses a grounded-rotor condenser. The out-
put transformer, C5, Ly and Lj, is made as a
plug-in unit. Switch sections Sia and S
transfer the antenna from the receiver input
circuit to the converter, and, at the same time,
conneet the transformer output winding, Ls,
to the receiver input. Toggle switches Ss and

Fig. 12-32 — Front view of the mobile converter. The
heater- and plate-voltage switches are to the left and
right of the vernier-dial control knob. The pilot light
and input connector are at the left side of the case. A
hole for screwdriver adjustment of the output trans-
former is located above the input plug. Tube sockets,
mounted in the bottom of the case, are used as holders
for the extra set of coils.

S3 are used for heater and stand-by purposes
A VR-105 regulates the oscillator plate volt-
age, preventing oscillator frequency fluctua-
tion which would otherwise result from the
voltage variation usually encountered in mo-
bile equipment.

Fig. 12-33 — A side view of the mobile converter. The
long shaft on the antenna change-over switch allows the
switch to be operated without reaching down in among
the other components.

Physical Layout

A side view of the converter, Fig. 12-33,
shows most of the components mounted on
one of the detachable plates of a 3 X 4 X 5-
inch utility box. From top to bottom on the
left side of the cover plate are the oscillator
coil, the 6BE6 tube, and the mixer coil, The
output transformer, the antenna switch, and
the regulator tube are next in line, with the
output jack, Jg, just to the right of the output
transformer, and the input jack, Ji, directly
below Js.

The inside wview of the unit, Fig. 12-35,
shows the parts closely grouped around the
tuning condenser, Cy4, Cis, the mounting of
which requires care in order that the control
shaft can be made to line up with the vernier
dial which is mounted on the small surface of
the case. Tt is suggested that the layout draw-
ing, Fig. 12-34, be followed as closely as pos-
sible. The condenser, mounted after other com-
ponents have heen fastened in place, is
equipped with the brackets that are supplied
with the Trim-Aire type of condenser. These
brackets are attached to the outer surfaces of
the ceramic end plates, with the mounting lips
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Fig. 12-34 — A mechanical drawing of the subchassis layout.

facing toward the back of the condenser. Be-
tween the brackets and the panel are metal
pillars 1145 inch long. The position of the
condenser is such that the stator terminals are
just above the tube- and coil-socket prongs.

It should be possible to follow the layout
shown, as there is no excessive crowding of
parts. Looking at Fig. 12-35, the oscillator
components are at the left of the tuning con-
denser, with the mixer parts at the

12-36. The oscillator and mixer coils employ
Millen No. 74002 shielded plug-in forms, and
the output transformer uses the No. 74001 per-
meability-tuned form of similar construction.
These were selected because of the protection
their design affords against the rough handling
to which such equipment is subjected. The out-
put transformer is designed to resonate near
1500 ke., and is core-adjusted to this frequency.

right. The output transformer is at
the lower left and the regulator tube
socket at the right, with the antenna
switch in between. The band-set con-
densers are soldered directly to the coil-
socket prongs. All four sockets have
extra prongs, which may be used as
tie-points for other components.

The main part of the utility box
needs some modification before the
dial, switches and spare-coil sockets
are mounted. It is necessary to fold
back the two X-inch flanges which are
at the top and bottom edges of the
right side of the case, and the flange
at the rear must be filed out in two
places to provide clearance for jacks
Jl and Jg.

Details of the coils are given in IMig.

L 4

Fig. 12-35 — Inside view of the 6-, 10- and 11-
meter mobile converter. Practically all of the
construction and wiring can be completed
before the subchassis is attached to the case.
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Fig, 12-36 — Wiring diagram of the mobile converter for 6, 10 and 11 meters.

Ci1a, CiB — Split-stator condenser, 15 uufd. per section
(Cardwell ER-15-AD).

Cz, C3 ~— 3-30-uufd..ceramic trimmer.

C4, C5 — 100-upufd. midget mica.

Cg, C7 — 0.0022-4fd. mica.

Cs, Cg — 0.01-ufd. paper tubular.

Ri1 — 150 ohms, 14 watt.

Rz — 22,000 ohms, 14 watt.

Rz — 680 ohms, 1 watt.

R4 — 2200 ohms, 2 watts.

Rs — 1000 ohms, 1 watt.

I1 — 6.3-volt pilot lamp.

J1, Jo — Coaxial-cable jack.

J3 — 4-prong male plug.

Alignment and Installation

The converter may be lined up using an a.c.
power supply and a communications receiver.
A good signal generator simplifies this task,
but if none is available the job may be done as
follows: Turn on the receiver, set the volume
control at maximum, and with the receiver
dial at 1500 ke. adjust the output transformer
on the converter for greatest noise. With the
10-meter coils in place and thé tuning con-
denser set at about half capacitance, set the os-
cillator trimmer near maximum capacitance.
With the aid of a signal, which may be noise
from ignition or an electric razor, adjust the
mixer trimmer for maximum response. Final
adjustments can be made using amateur sig-
nals, resetting the oscillator trimmer as may
be required to bring the band at the desired
dial settings. The procedure outlined should
be followed for the 6-meter range as well.
Bandspread will be approximately 60 divisions
for the 50-Mec. band and 83 for 27-29.7 Mec.

The exact anode voltage for the 6BE6 will
not be known until the converter is actually
tested in the car installation. The tube is de-
signed to operate with 250 volts on the output
plate and 100 volts on the oscillator plate.
With a 150-ohm cathode resistor the cathode
current is approximately 10 ma. It is impor-
tant that the regulator tube be allowed to

S1A, S1B — 2-pole 2-circuit selector switch.
S2, S3 — S.p.s.t. toggle switches.
L1 — 50 Mec.: 214 tarns No. 18 d.c.c. wire, interwound
in cold end of La.
— 28 ?&(j 314 turns No. 18 d.c.c. wire at cold end
of Lo,
Le, La —50 Me.: 414 turns No. 18 enameled wire,
spaced one diameter.
—28 Mec,: 1114 turns No. 18 enameled wire,
% inch long.
Ls+ — No. 36 d.s.c. wire, close-wound, one inch long.
Ls — 15 turns No. 36 d.s.c. wire, close-wound over B-
plus end of Ls. Note that condenser Cs is
mounted inside the coil shield.

function normally at all times, and in cases
where the receiver voltage is abnormally low
it may be necessary to change the value of the
limiting resistor, 4. The proper value will
permit the tube to regulate (as indicated by a
constant glow) over the complete voltage
range, as the input voltage varies with the con-
dition of the car battery and the charging rate
of the car generator.

In modifying the ecar receiver it is necessary
to remove it from its case and install a power
plug for carrying the heater and plate voltages
and the ground lead to the converter. The
heater lead should be connected directly to
one of the receiver tube sockets, to take advan-
tage of any 6-volt line filtering which may be
incorporated in the receiver. Similarly, it is
wise to tap for plate power at a point where
the r.f. circuits are most heavily decoupled.
This may result in a somewhat lower plate
voltage than the maximum obtainable, but
the extra filtering aids in eliminating hum and
vibrator hash.

Antenna and power cables should be made
up at this time. One coaxial cable must reach
from the car antenna to the converter and the
second from the converter to the receiver an-
tenna connection. The 3-wire shielded power
cable will connect between the receiver output
plug and the 4-prong plug at the converter end.
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In putting the converter into operation in the
car it may be necessary to readjust the output
transformer slightly, and retune the r.f.
trimmer in the broadecast receiver slightly to
compensate for loading effect of the converter.
It may also be found that, although the broad-
cast receiver may be quiet in its operation,
there may be considerable noise from ignition
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and the car generator when the converter is
used. Even with the best available filters and
suppressors the ignition noise may still be ex-
cessive, in which case the best solution to the
problem is the installation of some form of
noise silencer in the car receiver. Suitable noise
silencers are completely described in Chapter
Five.

Wide-Band FM Reception

Wide-band FM may be used in the 50-Mec.
band above 52.5 Mec., and elsewhere through-
out the v.h.f. and higher bands. It represents
an excellent means of obtaining high-quality
noise-free reception at these frequencies, where
the width of the passband required is not a
problem. It shares with narrow-band FM an
almost complete freedom from the broadecast-
interference problems that plague the urban
amateur who uses amplitude modulation. A
receiver designed for wide-band FM is also
useful in work with stations using modulated-
oscillator type transmitters, on 144 Mec. and
higher. Standard FM broadecast receivers may
be used in conjunction with suitable converters
for wide-band FM reception on any frequency.
This technique is applicable up through the
microwave range, and several of the workers
in the amateur microwave bands have used
wide-band FM detection in their pioneering
efforts in this field. Receiving techniques for
narrow-band FM are detailed in Chapter Five.

1. F. Trans. LF Trans.
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Fig, 12-37 — FM limiter circuits. A, single-tube plate-
saturation limiter; B, cascade limiter. Typical values
are:

Circuit A Circuit B
Ci — 100 pufd. 100 pufd.
Ce, C3 — 0.1 pfd. 0.1 pfd.
C-& - 220 ,u.,u.fd.
R1 — 0.1 megohm. 47,000 ohms.
Re — 2200 ohms. 2200 ohms.
Rz — 47,000 ohms. 47,000 ohms.
Rs— 0-50,000 ohms. 0-50,000 ohms.
Rs — 3900 ohms.
Re — 0.22 megohm.

Plate-supply voltage is 250 in both circuits.

J‘_ OQutput

LE Trans.
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A frequency-modulation receiver differs in
circuit design from one designed for amplitude
modulation chiefly in the arrangement used
for detecting the signal. Detectors for ampli-
tude-modulated signals do not respond to
frequency modulation. It is also necessary, for
full realization of the noise-reducing benefits
of the FM system, that the signal applied to
the detector be completely free from amplitude

modulation. In practice, this is attained by
preventing the signal from rising above a

given amplitude by means of a limiter. Since
the weakest signal must be amplitude-limited,
high gain must be provided ahead of the
limiter; the superheterodyne type of circuit al-
most invariably is used to provide the neces-
sary gain.

The r.f. and i.f. stages in a superheterodyne
for FM reception are practically identical in
circuit arrangement with those in an AM
receiver. Since the use of FM is confined to the
very-high frequencies (above 29 Mec.) a high
intermediate frequency is employed, usually

between 4 and 5 Me, This not only reduces

image response but also provides the greater
bandwidth necessary to accommodate wide-
band frequency-modulated signals.

Receiver Requirements

The primary requirements are sufficient r.f.
and i.f. gain to “saturate’ the limiter even with
a weal signal, sufficient bandwidth to
accommodate the full frequency devi-
ation either side of the carrier fre-
quency without undue attenuation
at the edges of the band, a limiter
circuit that functions properly on
both rapid and slow variations in amplitude,
and a detector that gives a linear relation-
ship between frequency deviation and ampli-
tude output. The audio circuits are the.same
as in other receivers, except that in communi-
cations-type receivers it is desirable to cut off
the upper audio range by a low-pass filter be-
cause higher-frequency noise components have
the greatest amplitude in an FM receiver

Output

The Limiter

Limiter circuits generally are of the plate-
saturation type, where low plate and screen
voltage are used to limit the plate-current flow
at high signal amplitudes. Fig. 12-37A is a
typical circuit. The tube is self-biased by a
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grid leak, Ri, and condenser, C;. Ry, R3 and
R4 form a voltage divider which puts the de-
sired voltages on the screen and plate. The
lower the voltages the lower the signal level at
which limiting occurs, but the r.f. output volt-
age of the limiter also is lower. Cs and ('3
are the plate and screen by-pass condensers,
of conventional wvalue for the intermediate
frequency used. The time constant of B1C; de-
termines the behavior of the limiter with re-
spect to rapid and slow amplitude variations.
For best operation on impulse noise the time
constant should be small, but a too-small time
constant limits the range of signal strengths
the limiter can handle without departing from
the constant-output condition. A larger time
constant is better in this respect but is not so
effective for rapid variations. Compromise
constants are shown in Fig. 12-37.

The cascade limiter, Fig. 12-37B, overcomes
this by making the time constant in the first
grid circuit suitable for effective operation on
impulse noise, and that in the second grid
(C4Rs) optimum for a wide range of input sig-
nal strengths. This results, in addition, in more
constant output over a very wide range of in-
put signal amplitudes because the voltage at

Cs
___.i l__-
Limiter
Plate

-
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L
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Limiter
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Fig. 12-38 FM discriminator circuits. In both cir-
cuits typical values for C1 and C2 are 100 pufd. each; R;
and Rz, 0.1 megohm each. C3 in A is approximately 50
pufd., depending upon the intermediate frequency:
RFC should be of a type designed for the i.f. in use (2.5
millihenrys is satisfactory for intermediate frequencies

of 4 to 5 Me.).

the grid of the second stage already is par-
tially amplitude-limited. Resistance coupling
(R5C4Rg) is used for simplicity and to prevent
unwanted regeneration, additional gain at this
point being unnecessary.

The rectified voltage developed across Ry in
either circuit may be applied to the i.f. ampli-
fier for a.v.c.

Discriminator Circuits and Operation

The FM detector commonly is called a dis-
eriminator, because of its ability to discrimi-
nate between frequency deviations above and
below the carrier frequency.

CHAPTER 12

A rectifier connected to an ordinary tuned
circuit adjusted so that the signal frequency
falls on one side of the response curve consti-
tutes an elementary diseriminator, because the
rectifier output will vary with a change in the
carrier frequency. If two such eircuits are used
with a balanced rectifier, one tuned above and
the other below the signal frequency, ampli-
tude variations are balanced out and the com-
bined rectified current is proportional to the
frequency deviation.

The circuit most widely used is the ““series”
or center-tuned diseriminator shown in Fig.
12-38A. A special i.f. coupling transformer is
used between the limiter and detector. Its
secondary, Lj, is center-tapped and is con-
nected back to the plate side of the primary
circuit, which otherwise is conventional. Cy is
the tuning condenser. The load eircuits of the
two diode rectifiers (R;C1R2Cs) are connected
in series; constants are the same as in ordinary
diode detector circuits. Audio output is taken
from across the two load resistances.

The primary and secondary circuits are both
adjusted to resonance in the center of the i.f.
passband. The voltage applied to the rectifiers
consists of two components, that induced in the
secondary by the inductive coupling and that
fed to the center of the secondary through Cs.
The phase relations between the two are such
that at resonance the rectified load currents
are equal in amplitude but flow in opposite
directions through R; and R, hence the net
voltage across the terminals marked “audio
output” is zero. When the carrier deviates
from resonance the induced secondary current
either lags or leads, depending upon whether
the deviation is to the high- or low-frequency
side, and this phase shift causes the induced
current to combine with that fed through C;
in such a way that one diode gets more voltage
than the other when the frequency is below
resonance, while the second diode gets the
larger voltage when the frequency is higher
than resonance. The voltage appearing across
the output terminals is the difference between
the two diode voltages. Thus a characteristic
like that of Fig. 12-39 results, where the net
rectified output voltage has opposite polarity
for frequencies on either side of resonance, and
up to a certain point becomes greater in ampli-
tude as the frequency deviation is greater. The
straight-line portion of the curve is the useful
detector characteristic. The separation be-
tween the peaks that mark the ends of the
linear portion of the curve depends upon the
()s of the primary and secondary ecircuits and
the degree of coupling. The separation becomes
greater with low @s and close coupling. The
circuit ordinarily is designed so that the peaks
fall just outside the limits of the passbhand,
thus utilizing most of the straight portion of
the curve. Since the audio output is propor-
tional to the change in d.c. voltage with devia-
tion, it is advantageous for maximum output
to keep the frequency separation between peaks
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down to the minimum value necessary for a
linear characteristic.

A second type of diseriminator is shown in
Fig. 12-38B. Two secondary circuits are used,
one tuned above the center frequency of the
i.f. passband and the other below. They are
coupled equally to the primary, which is tuned
to the center frequency. As the carrier fre-
quency deviates the voltages induced in the
secondaries will change in amplitude, the larger
voltage appearing across the secondary being
nearer resonance with the instantaneous fre-

+VoLTS Fig. 12-39 — Character-
\ istic of a typical FM de-
tector. The vertical axis
represents the voltage
developed across the
load resistor as the fre-
quency varies from the
exact resonance fre-
quency. This detector
would handle FM sig-
nals up to a bandwidth
of 150 ke. over the linear
portion of the curve.

+50 +100 +150 +200

~200 -150 -100 -50Kc.

=VOoLTS

quency. The detection characteristic is similar
to that of the center-tuned disceriminator. The
peak separation is determined by the @s of the
circuits, the coefficient of coupling, and the
tuning of the secondaries. High s and loose
coupling are required for close peak separation.

A simple self-quenched superregenerative
receiver may be used as a frequency detector if
it is tuned so that the carrier frequency falls
along the slope of the resonance curve. Two
such detectors, off-tuned on either side of the
carrier, may be used in push-pull. An alterna-
tive arrangement employing a superregenecra-
tive stage as a first i.f. amplifier at 75 Me., fol-
lowing a converter unit, provides high gain
and linear response with relatively few stages.

FM-Receiver Alignment

Alignment of FM receivers up to the lim-
iter is similar to other superheterodynes. For
output measprement, a 0-1 milliammeter or
0-500 microammeter should be connected in
series with the limiter grid resistor (R in Fig.
12-37A) at the grounded end; or, if the volt-
age drop across Ry is used for a.v.e. and the
receiver is provided with a tuning mecter, the
tuning meter may be used as an output meter.
An accurately-calibrated signal generator or
test oscillator is desirable, since the 1.f. should
be aligned to be as symmetrical as possible;
that is, the output reading should be the same
for any two test-oscillator settings the same
number of kilocycles above or below resonance.
It is not necessary to have uniform response
over the whole band to be received, although
the output at the edges of the band (limit of
deviation of the transmitted signals) should
not be less than 25 per cent of the voltage at
resonance. In communications work, a band-
width of 30 ke. or less (15 ke. or less deviation)
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is commonly used. Qutput readings should be
taken with the oscillator set at intervals of a
few kiloeycles either side of resonance up to
the band limits.

After the i.f. (and front-end) alignment, the
limiter operation should be checked. This can
be done by temporarily disconnecting Cg, if the
disecriminator circuit of Fig. 12-38A is used,
disconnecting R; and C1 on the cathode side,
and inserting the milliammeter or micro-
ammeter in series with Rs at the low end. This
converts the discriminator into an ordinary
diode rectifier. Varying the signal-generator
frequency over the channel, with the dis-
criminator transformer adjusted to resonance,
should show no change in output (at the band-
widths used for communications purposes) as
indicated by the rectified current read by the
meter. At this point various plate and screen
voltages can be tried on the limiter tube or
tubes, to determine the set of conditions that
gives maximum output with adequate limiting
(no change in rectified current).

When the limiter has been checked the
diseriminator connections can be restored,
leaving the meter connected in series with Rs.
Provision should be made for reversing the
connections to the meter terminals, to take
care of the reversal in polarity of the net recti-
fied current. Set the signal generator to the
center frequency of the band and adjust the
diseriminator-transformer trimmer condensers
to resonance, which will be indicated by zero
rectified current. Then set the test oscillator
at the deviation limit on one side of the cen-
ter frequency, and note the meter reading.
Reverse the meter terminals and set the test
oscillator at the deviation limit on the other
side. The two readings should be the same. If
they are not, they can be made so by a slight
adjustment of the primary trimmer. This will
necessitate rechecking the response at reso-
nance to make sure it is still zero. Generally,
the secondary trimmer will chiefly affect the
zero-response frequency, while the primary
trimmer will have most effect on the symmetry
of the discriminator peaks. A detector curve

Fig. 12-40 — Oscil-
loscope patterns in
FM i.f. alignment.
A — I.f.-amplifier
response. B — Over-
all characteristic
through the FM de-
tecto [f (A) (B)
having satisfactory linearity can be obtained
by cut-and-try adjustment of both trimmers.

A wvisual curve tracer is particularly ad-
vantageous in aligning the wide-band i.f.
amplifiers of FM receivers. The i.f. is first
aligned with the diseriminator circuit con-
verted into an AM diode detector, as described
above, the pattern appearing as in Fig. 12-40A.
The over-all characteristic, including the FM
detector, is shown in Fig. 12-40B.



CHAPTER 13

V.HF. Transmitters

Beginning with the v.h.f. region, frequency
assignments are no longer in direet harmonic
relationship. This fact, coupled with the neces-
sity for extreme care in selection and arrange-
ment of components for low cireuit capacitance
and minimum lead inductance, makes it highly
desirable to construct separate r.f. equipment
for v.h.f. work, rather than attempt to adapt
for v.h.f. use a transmitter designed for the
lower frequencies.

Transmitter stability requirements for 50
Mec. are the same as for the lower-frequency
bands, and, by careful attention to component
placement, a rig may be made to serve well on
50, 28, and even 14 Me., but incorporation of
50 Mec. and higher in the usual “‘all-band”
transmitter is not generally feasible.

At 144 Mec. and higher, no restrictions are
imposed on transmitter stability, except that
the whole emission must be kept within the
band limits. This permits the use of modu-
lated-oscillator transmitters, and many of the
stations now working on 144 Mec. and above
still employ this simple type of gear. By proper
choice of tubes and circuits, crystal control is
applicable to 144 Me. however, and the greatly-
increased occupancy of the band in metropoli-
tan areas makes stabilization of at least the
higher-powered stations almost mandatory, if
the full possibilities of the band are to be
realized. Crystal control, or its equivalent,
may even be employed on 235 and 420 Me.,
but the use of these frequencies has not reached

the point where stabilization is particularly
important.

Above 51 Me., and higher throughout the
v.h.f. and u.h.f. regions, frequency modulation
as well as amplitude modulation is permitted
by the amateur regulations. The 200-watt
transmitter for 50 and 144 Me. described in
this chapter makes provision for the use of FM,
and any crystal-controlied transmitter can be
adapted for FM by using a frequency-modu-
lated oscillator to replace the crystal, in the
manner described in Chapter Nine.

At 420 Mec. and higher, most standard trans-
mitting tubes cannot be used with any degree
of success. Instead, special tubes designed for
these frequencies must be employed. Such
tubes have extremely-close electrode spacing,
to reduce transit-time effects, and are con-
structed with leads having wvirtually no in-
ductance. Several more-or-less-conventional
tubes are now available which will operate with
fair efficiency up to above 500 Mec., and the
disk-seal or “‘lighthouse’ variety will function
up to about 3000 Me.

Above about 2000 Mec. the most useful types
of tubes are the klystron and magnetron. These
are essentially one-band devices, the frequency-
determining circuits being an integral part of
the tube itself. Tuning over a small frequency
range, such as an amateur band, is possible,
usually by warping the cavity employed, but
the tubes are not independent of frequency in
the conventional sense.

A 60-Watt AM—FM 50-Mc. Transmitter or Exciter

The transmitter shown in Figs. 13-1-13-3,
inclusive, has an output of approximately 40
watts in the 50-Mec. band and is so designed
that either frequency or amplitude modulation
may be used. Aside from power supplies, no
auxiliary apparatus is needed for FM trans-
mission, since the primary frequency control is
a variable-frequency oscillator and a reactance
modulator is included in the unit. For ampli-
tude modulation, a modulator having an audio
power output of about 30 watts is required.

As an alternative to electron-coupled VFO
control, provision also is made for crystal con-
trol, using a Tri-tet oscillator. As shown in the
circuit diagram, Fig. 13-2, the crystal oseil-
lator and e.c. oscillator have a common plate
circuit, the frequency being doubled in this

circuit in both ecases. The oscillators are fol-
lowed by a 6V6 doubler, and this in turn drives
the final amplifier, an 815.

The tuned circuits are designed to cover a
little more than the range required for the
50-Mec. band so that the transmitter as shown
can be used to drive a power frequency multi-
plier tripling into the 144-Mec. band. The VFO
grid circuit tunes from 12 to 13.5 Me., the
range from 12.5 to 13.5 Mec. being used for the
50-Me. band, and the range from 12 to 12.35
Me. being available for the 144-Me. band.
When erystal control is to be used, frequencies
within the appropriate ranges should be se-
lected, since the oscillator portion of the Tri-tet
cireuit works over the same frequency range
as the grid circuit of the VFO. Appropriate
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crystals in the 6-, 8-, or 12-Mec. ranges may be
used, as the 6AG7 crystal oscillator will operate
effectively as a quadrupler or tripler, as well
as a doubler.

The common oscillator plate eircuit tunes
from 24 to 27 Me., with the 6V6 doubling to
48 to 54 Me. Either oscillator may be selected
by means of a switch, Sja-s-c, which closes the
cathode ecircuit of the desired oscillator. To
prevent any possibility of accidental frequency
modulation when amplitude modulation is
being used, a three-position switch is employed.
giving a front-panel selection of crystal or
VFO control (for AM or c.w.) and VIO control
with FM.

Stability under changes in supply voltage is
attained by supplying the VFO screen from a
VR-150. This holds the screen voltage at 150
when the plate potential is varied from 150 to
600 volts. The cathode current to the oscil-
lator, measured in J2, remains practically con-
stant when the plate voltage is varied over this
wide range, and the total frequency shift is
only a few hundred cycles. With variations in
plate voltage which would result from even the
most severe line-voltage fluctuations, the fre-
quency shift in the oscillator is only a few
cycles.

The transmitter is built on a 10 X 17 X 3-
inch chassis, with all components except tubes,
crystal and the final-stage output -circuit
mounted below the deck. Viewing the unit
from the top front, the microphone transformer
and 6SA7 reactance modulator are at the right
front, with the VR-150 at the rear, adjacent
to the antenna-coupling assembly. The crystal,
crystal oscillator and VFO are grouped near
the middle of the chassis, with the doubler and
final tubes at the left.

The front panel is a standard 834 X 19-inch
crackle-finished Masonite unit. The VFO tun-
ing dial is centrally placed, with the oscillator
and doubler tuning condensers at the left and
the AM/FM switch and deviation control at
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the right. The final plate tuning knob is above
the VIO dial, at the left, and the swinging-link
adjustment is at the right. Jacks, from left to
right, are Jy, J3, Jo and Ji.

The two wires protruding through the chas-
sis close to the 815 are neutralizing ‘‘ condens-
ers,”’ labeled ('x1 and Cyne on the schematic
diagram. They consist of two pieces of No. 14
enameled wire soldered to the grid prongs of
the 815 socket, crossed under the chassis, and
brought through the chassis and held in posi-
tion by two small Isolantite feed-through bush-
ings (Millen 321350).

Adjustment Procedure

Adjustment is simple and straightforward.
The tuning range of the VFO should be
checked first. This may be done with only the
two oscillator tubes in place and the AM/FM
switch in the VFO position. The oscillator
plate condenser should be tuned for maximum
r.f. indication in a neon bulb adjacent to Le,
and the frequency checked in a receiver having
a fairly-accurate calibration for the region
around 12, 24, or 48 Me.

The size of the VFO grid coil, Lj, is ex-
tremely critical, and if some pruning of this
coil is to be avoided it would be advisable to
make the 50-uufd. section of C19 an adjustable
padder condenser, such as a Hammarlund
APC-50, which can then be adjusted until 12
Me. appears at about 90 on the VFO vernier
dial. The high-frequency limit, 13.5 Mec.,
should then come at approximately 10, giving
a spread of about 18 divisions for the 144-Me.
band and 54 divisions for the 50-Mec. band.
Without such a variable condenser, the num-
ber of turns on L; must be adjusted by cut-
and-try until the proper tuning range is secured.
In either case, the final adjustment of band
coverage should be made with the 6SAY7 react-
ance modulator in its socket so that its plate-
to-ground capacitance will be across the tuned
circuilt.

+

Fig. 13-1
Front view of the
50-Mc. AM /FM
transmitter. The
r.f. section of the
unit occupies the
left-hand por-
tion of the chas-
sis. The VR-150,
6SA7 reactance
modulator, and
microphone
transformer are
at the right. Note
the neutralizing-
capacitance wires
at the left of the
815.
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Fig. 13-2 — Wiring diagram of a

C; — 0.01-pfd. 400-volt paper tubular.

Co — 0.001-ufd. mica.

C3z — 8-ufd. 450-volt electrolytic and 0.0047-ufd. mica
in parallel.

C4, C19 — 470-ppufd. mica.

Cs, C7, Co, Ci2, Cus, Cig, Ci7, C21, C22 — 0.0022-4ufd.
mica.

Cé — 100-uufd. midget variable, screwdriver adjustment
(Hammarlund APC-100).

Cg — 50-ppfd. variable, “straight-line-frequency” type
(Hammarlund M C-50-M).

Ci0 — 100-gufd. and 50-pufd. in parallel (Sickles Silver-
cap). See text.

C11 — 100-pufd. mica.

Ci3, Cis — 50-pufd. variable (Hammarlund MC-50-S).

Cis — 47-pufd. mica.

C20 — 35 uufd. per section, split stator (Hammarlund
MCD-35-MX).

Cni, Cn2 — Neutralizing capacitors. See text.

R1 —0.5-megohm volume control, switch type.

R2 — 680 ohms, 14 watt.

Rz — 47,000 ohms, 14 watt.

R4, R — 0.22 megohm, 14 watt.

Rs — 4700 ohms, 14 watt.

R7, Ro — 0.1 megohm, 13 watt.

Rs — 5000 ohms, 5 watts.

R1i0 — 220 ohms, 1 watt.

Ri1 — 15,000 ohms, 1 watt.

Rizg — 15,000 ohms, 5 watts.

Operation of the crystal oscillator may next
be checked. With a 100-ma. meter connected
through Js, and the AM/FM switch in the
“crystal” position, adjust the crystal-osecil-
lator cathode tuning, Cs, until the current dips
sharply, indicating oscillation. This control
should be set at the point that gives the low-
est cathode current consistent with easy crystal
starting. Cathode current should be similar for
both oscillators — about 20 ma.

The doubler stage may next be tested by in-
stalling the 6V6 and 815 tubes, leaving the
plate power off the 815. A meter having a 10-
ma. range should be used to measure the grid
current in the 815, at J3. The current should
come up to about 6 ma. when the spacing
between L3 and [, is optimum, though this is
more than is actually needed for satisfactory
operation of the 815,

50-Mec. AM/FM transmitter.

Li — 8 turns No. 18 tinned, ¥4-inch diameter, 1-inch
length on National PRF-2 form. Tapped 2 t.
from ground end.

L2 — 10 turns No. 14 e., Y4-inch diameter, spaced one

; diameter, air-wound.

Ls —4 turns No. 14 e., V3-inch diameter, spaced one
diameter, air-wound.

Ls — 5 turns each section, No. 14 e., 4-inch diameter.

Adjust spacing for best coupling. See text.

3 turns ecach section, No. 12, tinned, 1l¢-inch

diameter, spaced one diameter.

Lo — 2 turns No. 14 e., 1-inch diameter, swinging link.
See photos and text.

L7 — 35 turns No. 24 d.c.c., close-wound on 9/16-inch
diameter form (National PRE-3).

Bi — Microphone battery (Burgess).

J1 — Open-circuit jack.

J2, Ja, J+ — Closed-circuit jack.

RIFCi, RFCe, RIFC4 — 2.5-mh. r.f. choke (INational

Ls

R-100).
RFCz — 2.5-mh. r.f. choke, end-mounting (National
R-100-1)).

Si1a-B.c — 3-position 3-contact rotary switch (Mallory).

S2 — Switch on deviation control, Rj.

Ti — Single-button microphone transformer (Thordar-
son T-83A78).

Tz — 0.3-volt 4-amp. filament transformer.

Next the position of the neutralizing wires
can be adjusted. The 815 plate tuning con-
denser, Cqp, should be rotated slowly, mean-
while watching the grid current for any varia-
tion. The position of the neutralizing wires
should be adjusted until there is no sign of
fluctuation in grid current as the tuning con-
denser is rotated. A length of wire extending
about one inch above the metal ring on the
815, at a position about 1§ inch from the glass
envelope, should be sufficient. If this should be
inadequate, small tabs of copper or brass can
be soldered to the ends of the wires to afford
additional capacitance to the tube plates. The
neutralizing capacitance is necessary in order
to ensure completely-stable operation.

After neutralization, power may be applied
to the 815 plates, while noting the cathode cur-
rent ag indicated on a 200-ma. meter plugged
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Fig. 13-3 — Under-chassis
view of the 50-Mc. AM/FM
transmitter. At the lower
center are the VFO grid coil
and associated components.
Over these are the crystal and
cathode circuit for the 6AG7
crystal oscillator. At the upper
right are the inductively-
coupled doubler plate coil
and final grid coil. The coil
and condenser at the lower
right comprise the plate cir-
cuit which is common to both
oscillators. The doubler plate
tuning condenser is at the ex-
treme right.

¢

into J4. The dip at resonance should bring the
current to about 50 ma. with no load. A 40-
watt lamp connected across the swinging-link
terminals should then give a full-brilliancy
indication when the link is adjusted for maxi-
mum coupling. This is with 500 volts applied,
which should be used only after it has been
determined that everything is functioning
properly. If trouble is encountered, further
tests should be made with reduced voltage to
avoid damaging the tube.

When the transmitter is put on the air, the
full 500 volts at 150 ma. may be used for I'M
or c.w. operation. For plate modulation, the
voltage should be reduced to about 400 for
maximum tube life, even though the tube
plates may show no color at the higher plate
voltage.

For frequency modulation, the 6SA7 react-
ance modulator provides the simplest possible
means of obtaining the desired swing in fre-
quency. It may be operated with a single-
button microphone plugged into Ji, or the
modulator may be driven from a speech am-
plifier and erystal or dynamic microphone. The
output of the speech amplifier should then be
connected across potentiometer 1, and 71 may

be omitted. In either case, potentiometer R
serves as a deviation control, the frequency
swing being adjusted to suit the receiver at the
station being worked.

For 144-Me. work, or for operation above
52.5 Mec. in the 6-meter band, wide-band FM
may be used if desired, in which case the
setting of K; may be anything up to full-on.
The transmitter may also be used for narrow-
band FM on any frequency above 51 Me. Con-
siderable care should then be used in adjusting
the deviation, to be certain that the swing is
within the prescribed limits. The procedure
outlined in Chapter Nine may be followed for
checking the deviation in NFM operation.

In addition to the filament transformer, 7,
indicated in the circuit diagram, the transmit-
ter requires two plate power supplies. One, for
the 815, should have an output of 400 to 500
volts at 175 ma.; the other, for the remaining
tubes, should deliver 300 volts at approxi-
mately 100 milliamperes.

If more power is desired, an 829 may be sub-
stituted for the 815. In this case an input of 100
watts or more may be run, the output being as

high as 85 watts at maximum operating
conditions.

200-Watt Driver-Amplifier for 50 and 144 Mc.

A companion medium-power driver-ampli-
fier for the 815 rig just described is shown in
Figs. 13-4 to 13-7. The amplifier uses a pair of
24G triodes in push-pull, while the driver, a
frequency tripler used for 144-Mec. operation
only, is a single 829-B. If operation on 144
Mec. is not contemplated, all to the left of the
final grid coil, Ls in Fig. 13-6, may be omitted.

Looking at the front-panel view, Fig. 13-4,
the two large dials are the plate tuning controls
for both stages. The small dial at the left con-
trols the swinging link, the center one is the
grid tuning control for the final, and the one
at the far right is the tripler grid tuning.

The rear view shows the general placement

of parts. At the left rear is a jack-bar, contain-
ing terminals 44 and BB, into which the link
from the exciter is plugged to furnish excitation
for the tripler (terminals AA) or final stage
(terminals BB). The tripler grid-circuit com-
ponents, L;C, are adjacent to the jack-bar.
C1 is mounted with its shaft parallel to the
panel, in order to permit short leads, and is
tuned by means of a flexible shaft. The 829-B
and its plate-circuit components are mounted
in such position as to permit inductive coupling
between the plate coil of the tripler and the
grid coil of the final, when the transmitter is
used on 144 Mec. For 50-Mec. work the 829-B is
inoperative, and the 50-Mec. grid coil (the same
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Fig. 13-4 — Front view of the 200-watt
driver-amplifier for 50 and 144 Mec. The two
large dials are the plate tuning controls. The
small dial at the left adjusts the position of
the output coupling link, the center dial is the
grid tuning control for the final, and the third
small dial is the tripler grid-tuning control.
Across the lower center are the filament
switches and grid-current meter jack.

+

coil is used in both tripler and final) just clears
the plate coil of the 829-B. Care must be used
in parts placement to work this out correctly.

Between the grid tuning condenser, C3, and
the 24G tubes are the two neutralizing con-
densers. These are triple-spaced midgets,
mounted back-to-back, with coupled shafts.
The stator plates had to be filed out to reduce
the minimum capacitance to the small value
needed to neutralize the 24Gs. The final tank
condenser, C5, and the jack-bar for the final
plate coil are positioned for the short leads
that are required if satisfactory performance
on 144 Me. is to be attained. R.f. leads in the
final stage are made with l4-inch silver ribbon,
which is appreciably better than braid at these
frequencies. Thin copper strip may also be used.
All connecticns in the plate circuit of the 24Gs
should be made with bolts and nuts, as the
tank ecircuit will heat sufliciently during
144-Mec. operation to melt soldered connections
and increase losses. Plate connections to the
829-B are made by means of small Fahnestock
clips. The tripler plate coil is supplied with two
of these clips (Millen 36021), so that it may be
removed separately from the condenser leads,
in replacing the tube.

Operation on 50 Mec.

When the amplifier is to be used on 50 Me.
the switch, S, is left open, so that the heater of
the tripler will not be energized when 8o is

closed. The link from the exciter is plugged into
terminals BB in the jack-bar, which is a Millen
41205 coil socket. The output of the exciter
is thus connected to the link terminals of the
final grid-coil socket, a National X B-16.

The final stage should be tested on 50 Me.
before attempting 144-Me. operation. With the
proper coils inserted at L3 and Lj, and with
power on the exciter but no plate voltage on
the final, rotate C3 for maximum grid current.
Set the neutralizing condensers at maximum
:apacitance and rotate Cs. If the plate cireuit is
:apable of being resonated there will be a kick
in the grid current as the circuit passes through
resonance. The neutralizing condensers should
be rotated, a small amount at a time, until the
kick in the grid current disappears. This will
probably occur close to the minimum-capaci-
tance sctting of Cy and Cy,. _

Power may now be applied to the plate
circuit. It is advisable to make initial tuning
adjustments at low voltage, preferablv 750
volts or less. If everything is in order, the plate
current will drop to about 20 ma. at resonance,
at this voltage. A load of some sort should now
be connected across the output terminals and
the operation tested at increasingly higher
voltages. The final tubes should be capable of
an input of 250 watts or more on 50 Me.
without exceeding their normal plate dissipa-
tion of 50 watts for the pair, indicated by a
bright orange color.

¢

Iig. 13-5 — Rear view of the driver-
amplifier for 50 and 144 Me., with
coils in place for 144-Me. operation.
At the lower left are the link socket
and the grid circuit of the tripler
stage. The plate coil of the tripler is
inductively-coupled to the final grid
coil, a single turn. All parts are
grouped as closely as possible, for
efficient performance on 144 Me. R.f.
leads in the final stage are made of
14 -inch silver ribbon.

4

Y
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Fig. 13-6 — Schematic diagram of the 200-watt driver-amplifier.

C1 — 15-pufd. variable (Cardwell ZR-15-A8),
C2 — 10-pufd.-per-section split stator (Cardwell ER-

10-AD).

Cz — 15-uufd.-per-section split stator (Cardwell ET-
15-AD).

Cia, Cap— 2-plate triple-spaced midget variable

(Cardwell ZS-4-SS with stator plates filed to
reduce minimum capacitance).

Cs — 4-uufd.-per-section split stator (Cardwell ES-4-
SD)

Cs, C7 — 470-pufd. midget mica.

Cs, Cg — 0.001-pfd. mica.

Ci0 — 500-gufd. 2500-volt mica.

Ci1 — 500-pufd. 1000-volt mica.

Ri — 4700-0hm 2-watt carbon.

R2 — 50,000 ohms, 10 watts.

Rs — 250 ohms, 10 watts.

R4 — 15,000 ohms, 10 watts.

Rs — 3000 ohms, 10 watts.

L1 — 4 turns No. 18, 114-inch diameter, 1 inch long, 3-
turn center link (National AR-16, 10-C, with 2
turns removed from each end).

Checking on 144 Mc.

For operation on 144 Me., the switch, S,
should be closed, energizing the heater of the
829-B tripler. The link from the exciter should
be plugged into terminals A A on the jack-bar,
so that drive is applied to the tripler grid cir-
cuit. The 144-Me. coils should be inserted at
Ly and Ly. It will be noted that these coils have
no bases. The grid coil (merely a center-tapped
“U”) is made of No. 12 wire, which fits snugly
in the coil-socket terminals. It should be bent

L2 — 2 turns No. 12 enameled, 74-inch diameter, spacec
14 inch.

Lz — 50 Mc.: Use Li. 144 Me.: Center-tapped “U*
made from No. 12 enameled wire, 54 inch high,
34 inch wide. See rear-view photograph. Sockets
for L1 and L3 are National XB-16.

Lis — 50 Me.: 4 turns each side of center-tap, spaced
diameter of wire, on Millen No. 40205 base.

— 144 Me.: 2 turns Yg-inch brass rod, spaced to fit

into socket terminals, 114-inch inside diameter.
May be silver-plated for best results.

L; — Swinging link: 3 turns No. 12 enameled wire,
134-inch diam. Mount for adjustment on poly-

) styrene rod; see rear-view photograph.

J1 — Closed-cireunit jack.

MA; — 0-200 d.c. milliammeter.

MA2 — 0-100 d.c. milliammeter.

MA3z — 0-300 d.c. milliammeter.

RFCi, RFCs — Ohmite Z-0.

S1, S — S.p.s.t. toggle switch.

T1 — 6.3 volts, 2.5 amp.

T2 — 6.3 volts, 6 amp.

slightly toward the 829-B plate coil, Ls, so that
it fits between the turns at a position that
provides optimum inductive coupling. The
final plate coil is made of 1g-inch brass rod,
which provides a tight fit in the jack-bar. The
coil may be silver-plated, if desired.

The grid coil for the tripler (L;) may be the
same coil as is used for 50-Me. operation at
L;. With this coil in place and the output of the
exciter on 48 Mec,, the operation of the tripler
may be checked, using a voltage of around 400

¢

Fig. 13-7 — Bottom view of the 50-
144-Mec. driver-amplifier.

¢
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on the plates of the 829-B initially. The grid
circuit of the final should then be tuned to
resonance as indicated by maximum grid cur-
rent. The plate voltage on the tripler may be
raised to 600 volts, if necessary, to assure ade-
quate grid drive for the final stage. Typical
operating conditions are as follows: tripler
plate voltage — 600; plate current — 125 ma.;
tripler grid current (read in Ji) — 10 ma. or
more; final grid current — 35 to 50 ma.

Neutralization of the final should be re-
checked, as the position of Cs and Cy may be
slightly different from the 50-Mec. setting. Pow-
er may then be applied to the final stage, using
low voltages at first. The final stage should not
be operated without load, except with low plate
voltages, as tank-circuit losses will cause ex-
cessive heating otherwise. The dip in plate
current at resonance will be less than at 50
Me., and minimum current at 1000 volts will
probably not drop below about 65 ma. The
maximum recommended plate potential for
144-Me. operation is about 1250 volts, though
tests have been made on this amplifier at
voltages as high as 1700.

A safe check on the operation of the tubes is
to adjust the plate voltage (with no excitation

CHAPTER 13

applied) until an input of 50 watts is being run
to the pair. Note the color of the plates at this
input — a bright orange. If this color is not
exceeded in normal operation, one may be sure
that the tubes are being operated within safe
limits. An input of 200 watts can be handled
safely on 144 Mec. if the stage is running
properly.

The transmitter may be used for c.w. work on
either band by keying the cathode of the driv-
ing stage. If the 829-B tripler cathode is to be
keyed a jack will have to be added. Provision
should be made to add fixed bias in series be-
tween the final grid meter, M A3, and ground.
A 45-volt “B” battery will suffice to hold the
24G plate current to a safe value when the
excitation is removed.

The three meters shown in the schematic
diagram, but not in the photographs, are
mounted on a separate meter panel. Another
useful addition, not shown, is a 3500-chm
10-watt potentiometer, connected in series
with Rj5, so that the final-stage bias can be
varied to suit different operating conditions.
This is particularly useful if the transmitter is
to be used on c.w. and FM, as well as AM
voice operation.

A 60-Watt Transmitter idr 50, 28 and 14 Mc.

The transmitter-exciter shown in Figs. 13-
8, 13-9 and 13-10 is a three-stage unit de-
signed for use in the 50-, 28- and 14-Mec.
bands. It employs a 6V6GT Tri-tet oscillator,
a 6V6GT frequency multiplier, and an 815
operating as a straight amplifier without neu-
tralization. It is capable of an input of 75 watts
when being operated as an exciter or c.w.
transmitter, but the power should be reduced
to 60 watts input if the amplifier is modulated.
Plug-in coils are employed for simplicity and
flexibility.

Circuit Features

The Tri-tet oscillator has a fixed-frequency
cathode circuit which resonates at approxi-
mately 21.5 Mec. With the cathode ecircuit so

tuned, it is possible to employ a wide variety
of erystal frequencies. For operation on 14 Me.,
3.5-Mec. cerystals may be used, with the oscilla-
tor plate circuit tuned to 7 Me., doubling in
the second 6V6GT to 14 Me. Most 3.5-Me.
crystals will deliver sufficient output from the
oscillator on 7 Me. to permit operating the
second stage as a quadrupler to 28 Me. also.
Crystals between 7000 and 7200 ke. can be
used with the oscillator working straight-
through, provided that the oscillator plate
circuit is not resonated at exactly the crystal
frequency. Crystals from 7000 to 7425 kec. are
used for operation of the amplifier in the 28-
Mec. band, the oscillator doubling in this case.

For 50-Mec. operation crystals between 6250
and 6750 ke. are recommended. The oscillator

Fig. 13-8 — A front view of
the 815 transmitter-exciter for
50, 28 and 14 Mec. Coils for
50-Mc. operation are in place.
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Fig. 13-9 — Circuit diagram of the 815 transmitter-exciter.

Ci1 — 25-ppfd. variable (Cardwell ZR-25-AS).

Cg— 50-ppfd.-per-section variable (Bud LC-1662).

Cs— 35-pufd.-per-section variable (Hammarlund MCD-
35-SX).

C4— 68-pufd. mica.

Cs, Ce, Co, Cro — 0.01-pfd. paper.

Cr — 0.0022-fd. mica.

Cs — 100-gzufd. mica.

C11, Ci2 — 470-ppfd. mica.

R1 — 0.12 meghom, 14 watt.

R2 — 220 ohms, 14 watt.

Rs — 15,000 ohms, 1 watt.

R4, R7, Rs, Rio, Ri1, Ria — 100 ohms, 14 watt.

Rs, Ro — 5,000 ohms, 10 watts, adjustable.

Re — 47,000 ohms, 14 watt.

Riz2, Riz3 — 5,000 ohms, 10 watts, adjustable.

Ris — 40,000 ohms, 10 watts.

L1 — 8 turns No. 18 enameled, close-wound, 13-inch dia.

I2—7 Me.—25 turns No. 20 d.c.c., clese-wound,

1 inch long.
14 Mec. — 12 turns No. 20 d.c.c., space-wound,

1 inch long.
28 Mec. — 5 turns No. 18 enameled, space-wound,

14 inch long.
Ls—14 Mec.—9 turns No. 20 d.c.c., close-wound,

34 inch long.
28 Mec. — 6 turns No. 20 d.c.c., space-wound,

34 inch long.

is then operated as a quadrupler and the sec-
ond stage as a doubler. The oscillator may also
be operated as a tripler, using crystals between
8334 and 9000 kc., or as a doubler with 12.5-
13.5-Mec. crystals. The complete unit may also
be used as a driver for a 144-Mec. tripler stage
by using the above crystal types, except that
the ranges would then be 6000-6166, 8000-
8222, or 12,000-12,333 k.

Cathode bias is used on the oscillator stage,
maintaining the plate current at a reasonable
figure. The common-power-supply voltage is
lowered to 300 volts by the dropping resistor,
R5, and the screen voltage of 250 is obtained
from resistor Rs. The by-pass condenser, Cy, is
inserted between the cold end of the plate coil,
Ls, and ground, in order to permit grounding
of the tuning-condenser rotor. Capacitive cou-
pling, through Cs, is used between the oscilla-
tor and the multiplier stage.

The multiplier stage has a self-resonant
plate circuit which is inductively-coupled to
the grid circuit of the final amplifier. This ar-
rangement was found to give better balance of
excitation to the final-stage grids than did the

50 Mc. — 3 turns No. 18 enameled, space-wound,

14 inch long.
Li—14 Mec. — 14 turns No. 20 d.c.c., close-wound,

7 turns each side of primary.

28 Mc. — 6 turns No. 20 d.c.c., spaced diam. wire,
3 turns each side of primary.

50 Mc. — 4 turns No. 18 enameled, spaced diam.
wire, 2 turns each side of primary.

Above coils are wound on l-inch diameter forms
(Millen 45004 for L2: Millen 45005 for L3-Ls). Approxi-
mately 14 inch between Lz and La.

Ls Mec. — 14 turns No. 16, 174-inch diameter,
" 2 inches long. (B & W ZO-JVL.)
28 Mec.—8 turns No. 12, 174-inch diameter,
2 inches long. (B & W IO-JVL )
g-inch diameter, 2
inches long. (B & W 10- ]VL with 2 turns re-
moved from each end.)

Above coils are wound in two sections with half the
total number of turns each side of center. A l4-inch
space is left at the center to permit the use of a swinging
link (Lg). The Barker & Williamson coils are mounted on
five-prong bases of the type which plug into tube sockets,
J — Closed-circuit jack.

MA — 0-50 millammeter.
RFCi, RFCz, RFC3 — 2,5-mh. r.f. choke.
Sia, S]rs3;jg-<311( :uit 6-position selector switch (Mallory

50

use of a self-resonant grid circuit in the final
stage and a tuned plate circuit for the 6V6GT.,
Resistors By and 215 drop the screen and plate
voltages to the proper values. Grid bias is de-
veloped across Rgs. The cathode by-pass con-
denser, C'y, is required because of the lengthen-
ing of the cathode lead by the insertion of the
keying jack, J. No neutralization is required
in this stage, since it is operated as a frequency
multiplier at all times.

Bias for the final amplifier is obtained from
a 45-volt “ B’ battery, permitting the preced-
ing stage to be keyed for ¢.w. operation, The
voltage-divider network, Ri2 and Ri3, can be
adjusted to provide the proper screen voltage
for either type of operation. The plate tuning-
condenser rotor is connected directly to ground.
Power output is taken from the plate circuit
by means of the adjustable link, Lg, which is
part of the plug-in plate-coil assembly.

A switching system 1s provided for measur-
ing all the necessary currents with one 50-ma.
meter, connecting it across shunt resistors
Ry, R7, Rs, R10, R11 and Ris. The range of the
meter is extended to 300 ma. by means of R4,
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Fig. 13-10 — A bottom-inside
view of the 815 transmitter.

which consists of about 31 inches of No. 30
insulated wire scramble-wound on a 100-ohm
resistor. The length of wire required for this
shunt may vary with different types of meters.

Mechanical Details

The front-view photograph, Fig. 13-8,
shows the arrangement of the principal com-
ponentg. The chassis measures 3 X 4 X 17
inches. It is suggested that this layout be fol-
lowed closely, particularly as regards the ar-
rangement of parts in the 815 plate and grid
circuits, since this layout permits operation
of the 815 without neutralization. Compo-
nents, along the top of the chassis, from left to
right, are the crystal, oscillator tube, oscillator
plate coil, multiplier tube, multiplier plate
and final grid coil, final-amplifier tube, and
amplifier tank circuit. A 5-connector terminal
strip may be seen just to the rear of the 815.
Across the front wall are the oscillator tuning
knob, the keying jack, meter switch, multi-
plier tuning knob, and meter.

The 815 socket is mounted on a subchassis
which can be seen in the bottom view, Fig.
13-10. This unit, Millen No. 80009, also in-
cludes the tube shield, which was cut off in
this case so that, with the shield just flush with
the chassis, the tube socket is 114 inches below.
Arrangement of other components is apparent
from the bottom view. Resistors 12 and Ri3
are at the right end near the coil socket. The
amplifier plate choke, RFCj3, is on a stand-off
adjacent to the coil socket, and the meter
shunt, Ri4, is connected between the choke
and one end of Ry3. The dropping resistor, Ry,
1s parallel to the rear wall of the chassis, and
Ity 1s at right angles to it, both below, and to
the left of, the sockets for the 6V6GT and its
associated plug-in coil, RFC; and RFCs are
mounted on stand-off insulators at the rear of
the tube sockets. The cathode coil, Ly, is self-
supporting, and is mounted directly on the
tube-socket terminals. All other small parts
are grouped closely adjacent to their respective
tube sockets.

Coil information is given in full detail un-
der Fig. 13-9. The number of turns specified
should be satisfactory for the frequencies of
operation referred to, though some adjust-
ment of the coupling between windings of Lg
and Ls may be required. Since variation in

spacing of these windings affects the tuning
range of the L/C combination to a noticeable
degree, the setting of Cy should be checked as
the coupling adjustment is being carried on.

Testing Procedure

The power supply for the transmitter should
be capable of delivering 275 to 300 ma. at 400
or 500 volts. The filament transformer should
supply 6.3 volts at 2.5 amperes or more. It is
advisable to test the oscillator and multiplier
stages before applying plate and screen voltage
to the 815. The jumper between Terminals 4
and 5 on the terminal strip should be left off
during this operation. With plate voltage ap-
plied to the oscillator and doubler, the oscilla-
tor plate circuit should be tuned to resonance
as indicated by maximum grid current in the
next stage. The amplifier grid ecircuit should
then be tuned for maximum grid current. With
the coil specifications given it is unlikely that
the circuits will tune to an incorrect harmonic;
nevertheless, 1t is wise to check with a cali-
brated absorption-type wavemeter to be sure
that such is not the case. Dropping resistors
R5 and R9 should be set at their full value of
5000 ohms during this operation, final setting
of the adjustments being made after the power
supply is loaded by the entire transmitter.
Grid current to the final stage should be about
15 ma. for all bands at this point. This may be
adjusted by changing the turns on Lg, or by
detuning Cs, ifsthe grid current is excessive.
Detuning of C9 is recommended as the more
satisfactory of the two methods.

The final amplifier may now be put into.
operation. The screen voltage should be tapped
in between the screen divider, Ris and Ris,
and the jumper connected between Terminals
4 and 5. With plate voltage and grid execitation
applied, the off-resonance plate current should
be about 250 ma., dropping to about 25 ma.
when the plate circuit is tuned to resonance,
A dummy load such as a lamp should be con-
nected across the output terminals, and the
coupling adjusted to bring the plate current
up to 150 ma. at resonance.

The oscillator and multiplier plate voltages
and the amplifier screen voltage should now be
adjusted to 300 and 200 volts, respectively,
by adjusting the taps on R; Ky and Rj3. It is
probable that the amplifier plate current will



V.HF. TRANSMITTERS

change appreciably at this point, so it will be
desirable to readjust the coupling so that the
current is again 150 ma., and readjust the re-
sistor taps as required to secure the correct
voltages on the various tube elements. Adjust-
ment for ‘phone operation is similar, except
that the amplifier screen and plate voltages
should be 175 and 400 volts, respectively.
With all voltages set for the proper values,
the currents will run about as follows: oscillator
and doubler plates — 35 ma.; doubler grid —
1 to 3 ma.; 815 grid — 5 to 6 ma.; 815 screen
— 17 ma.; 815 plate — 150 ma. The 815 screen
current should drop to 15 ma. for "phone oper-
ation. A grid current of 4 to 6 ma. in the 815

427

is adequate. Though more grid current is
usually available, an increase beyond 6 ma.
does not improve the output. In c.w. opera-
tion, it will be noticed that the 815 plate cur-
rent does not drop completely off when the
excitation is removed. This is no cause for
concern, =0 long as the plate and screen dissi-
pation are held to recommended levels.

The amplifier plate coils are provided with
links designed for working into a low-impe-
dance line. The amplifier may thus be used for
direct feed in the case of antenna systems
having matched lines, or it may work into a
line feeding an antenna-coupling unit, in case
tuned-feeder antenna systems are employed.

A 3-Stage Stabilized Transmitter

A three-stage transmitter in which fre-
quency-modulation effects are quite small 1s
shown in Figs. 13-11-13-14, inclusive. It in-
cludes a 6C4 oscillator, 6C4 neutralized buffer
amplifier, and 815 final amplifier, as shown in
the circuit diagram, Fig. 13-12. The oscillator
and buffer are built as a unit on a “U”-shaped
piece of aluminum 615 inches long on top, 234
inches high, and 27% inches deep on the top.
The 815 1s mounted on a vertical aluminum
piece measuring 414 inches high and 3 inches
wide, reinforced by bending side lips as shown
in the photographs. The two sections are as-
sembled on a 6 X 14 X 3-inch chassis.

The oscillator circuit is “high-C,” using a
butterfly-type condenser with three cireular
rotor plates, two butterfly rotors, and four split-
stator plates. This condenser has a high mini-
mum capacitance and a small tuning range.

The construction of the buffer amplifier is
quite similar to that of the oscillator. The buffer
tuning condenser consists of a rotor having
three butterfly plates and two stators each
having two 90-degree plates. The grid circuit of
the buffer is self-resonant, the tuning being ad-
justed by squeezing the turns of the grid coil
Lo together, or prying them apart. The buffer

neutralizing condenser, 7, mounted directly
between the grid of the 6C4 and the lower set
of stator plates of Cg, is a 3-30-pufd. trimmer
with the movable plate removed and a washer
soldered under the head of the adjusting serew.
The washer, by replacing the movable plate,
reduces the capacitance of the condenser to a
value suitable for neutralizing the 6C4. This
capacitor may be conveniently adjusted
through the open end of the chassis. Its loca-
tion is clearly shown in Fig. 13-13.

The grid coil of the final amplifier also is
resonant with the input capacitance of the 815,
just as the buffer grid circuit is self-resonant.
TFor best operation, the 815 requires neutraliza-
tion at this frequenecy. The neutralizing “‘con-
densers,” Cg and C1pin the circuit diagram, are
simply pieces of No. 14 wire extending from
the grid of one section of the 815 to the vicinity
of the plate of the other section. The wires are
crossed at the bottom of the tube socket and
go through Millen 32150 bushings in the metal
partition. The screen and filament by-pass con-
densers are mounted so that the leads between
the socket prongs and the nearest ground point
are as short as possible. This wiring should be
done before mounting the partition.

L 4

Fig. 13-11 — A three-stage
transmitter using a 6C4 mas-
ter oscillator, 6C4 buffer am-
plifier, and 815 final amplifier
for stabilized transmission in
the 144-Mec. band. The oscil-
lator and buffer are built as a
unit on the folded-aluminum
chassis at the right. The trans-
mitter develops a carrier out-
put of about 40 watts.

¢
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Fig. 13-12 — Circuit diagram of the stabilized 144-Me. transmitter.

C1 — 3-30-ppfd. trimmer.
Ce, Cg, Ci1, C13 — 470-gpfd. midget mica.
Cs, C5 — 47-pufd. midget mica.
C4 — Oscillator tuning; Cardwell ER-14-BF/SL.

Q7 — Neutralizing capacitor; sce text.
Cs — Buffer tuning; Cardwell ER-6-BI'/S.
Cy, Ci0 — Amplifier neutralizing; see text.

Ci2 — Amplifier tuning; Cardwell ER-6-BF/S.
C1s — 100 ppfd., 2500 volts.

Ri, Re — 22,000 ohms, 14 watt.

Rz — 15,000 ohms, 1 watt.

R4 — 15,000 ohms, 10 watts.

T1— 6.3-volt 2-amp. filament transformer.

The amplifier plate tank circuit uses a con-
denser of the same construction as that used in
the buffer tank. It is mounted. as closely as
possible to the plate caps on the 815, and to
preserve circuit symmetry the condenser is
tuned from the left-hand edge of the chassis.
If the transmitter is to be equipped with a
regular panel this condenser may be operated
by a right-angle drive from the front.

The output terminals are a standard bind-
ing-post assembly on polystyrene, mounted on
metal posts 22g inches high to bring the cou-
pling coil in proper relation to the amplifier
plate tank coil, Ls. Antenna coupling is ad-

L1 — 2 turns No. 12 bare wire; inside diameter 216 inch,
length 1 inch; plate-supply tap at center.

L2 — 2 turns No. 14, inside diameter 14 inch; turns
spaced wire diameter.

Ls — 4 turns No. 14, inside diameter 34 inch, length
1 inch; plate-supply tap at center.

Ls — 2 turns No. 14, inside diameter 14 inch; turns
spaced diameter of wire; tapped at center.

Ls — 2 turns No. 12, inside diameter 1 inch, length 1
inch; plate-supply tap at center.

Ls— 2 turns No. 12, inside diameter 34 inch.

RICi, RFC2, RFC3, RFC4 — 1l-inch winding No. 24

d.s.c. on Y4-inch diam. polystyrene rod.

justed by bending Lg toward or away from Ls.

The plate by-pass condenser and screen-
dropping resistor are mounted underneath the
chassis, as shown in Fig., 13-14, together with
the filament transformer. Separate power-sup-
ply terminals are provided for the oscillator
plate, buffer plate, amplifier grid (terminals
AA), amplifier screen, and amplifier plate so
that the currents can be measured separately.
An external 0-200 d.c. milliammeter will serve
in making all adjustments. However, if a
meter of lower range is available, it may be
used profitably in the low-current circuits.

In putting the transmitter into operation,

Fig. 13-13 — A rear
view of the three-
stage 144-Me. trans-
mitter. The oscil-
lator is at the left,
with the buffer am-
plifier in the center.
The 815 final is at
the right.
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the first step is to adjust the frequency range
of the oscillator, using Lecher wires or a
calibrated absorption-type wavemeter.. This
should be done after €1 has been adjusted for
maximum output. Then, using loose coupling
between the buffer grid coil, Lo, and the os-
cillator tank coil, L; (the coupling may be
adjusted by bending Lo away from I on its
mounting lugs), adjust Lo by changing the turn
spacing until the grid ecircuit is resonant.
Resonance will be indicated by maximum os-
cillator plate current; it can also be checked
by measuring the voltage across the buffer
grid leak, R., with a high-resistance wvolt-
meter. The maximum voltmeter reading
(about 40 wvolts) indicates resonance. The
buffer should next be neutralized by varying
the capacitance of C7 until there is no change
in the voltage across Rs when the buffer
tank condenser, Cg, is tuned through reso-
nance. The point of correet neutralization also
can be determined by coupling a sensitive
absorption wavemeter such as is described in
the chapter on Measuring Equipment to the
buffer plate coil, and adjusting C7 for minimum
reading. With this method, care must be used
to avoid coupling between the wavemeter and
the osecillator; link coupling between Lz and
the wavemeter, with the latter far enough
away so that it does not give a reading from
the oscillator alone, should be used. Another
method of checking neutralization is to adjust
the turn spacing of the amplifier grid coil, Ly,
to resonance and measure the 815 grid current
(with no plate or screen voltage on the tube)
and adjust C7 for zero grid current.

After the buffer is neutralized, plate voltage
may be applied and Cs adjusted to resonance,
as indicated by minimum plate current. If the
coupling to the final amplifier is quite loose,
the minimum plate current should be approxi-
mately 17 ma. The amplifier grid coil may next
be resonated (by adjusting the spacing between
turns) and the coupling increased until the
maximum grid current is secured. The grid cur-

Fig. 13-14 — Underneath the chassis of the 144-Mec.
MOPA transmitter. The filament transformer, ampli-
fier plate by -pass condenser, and screen-dropping resistor
are mounted here.

rent should be 4 milliamperes or more and the
buffer plate current should rise to about 28 ma.

Neutralization of the 815 is the next step.
The process is similar to that outlined for the
815 transmitter described at the beginning of
the chapter. Plate and screen voltage may then
be applied. With no load on the amplifier the
plate current should dip to approximately 65
ma. at resonance. Loading the amplifier to a
plate current of 150 ma. should not cause the
grid current to drop below about 3.5 ma. A
40-watt lamp used as a dummy load should
light to practically normal brightness at this
input, using a plate-supply voltage of 400.

For greatest stability, the coupling between
the oscillator and buffer should be as loose as
possible. Tt is better to obtain the rated 815
grid current of 3 milliamperes by using tight
coupling between the buffer and amplifier and
loose coupling between the oscillator and buffer
than vice versa. With normal operation the os-
cillator plate current should be approximately
25 ma. and the buffer plate current 28 ma., at
300 volts.

A modulator for the transmitter should have
an audio output of 35 watts, using a coupling
transformer designed to work into a 2500-
ohm load. This transmitter is described in
greater detail in QST for April, 1946,

144-Mc. Double Beam-Tetrode Power Amplifier

An amplifier set-up suitable for use with
double beam-tetrode tubes is shown in Figs.
13-15, 13-16 and 13-17. The tube in the photo-
graphs is an 829, but an 815 or 832 ean be used
in the same layout. The only change that might
be required would be in the inductances of the
grid and plate coils, Lg and Lj; these may have
to be made slightly smaller or larger in diam-
eter to compensate for the differences in input
and output capacitances in the various types.
The physical arrangement of the components
1s similar to that used for the 815 amplifier
incorporated in the three-stage transmitter
described above. When an 829 is used, the am-
plifier is well suited for use as an outboard unit
with war-surplus transmitters such as the
SCR-522.

The amplifier is built on an aluminum chassis
formed by bending the long edges of a 5 X
10-inch piece of aluminum to form vertical
lips 24 inch high, so that the top-of-chassis
dimensions are 314 by 10 inches. The tube
socket is mounted on a vertical aluminum par-
tition measuring 314 inches high by 314 inches -
wide on the flat face, with the sides bent as
shown in the photographs to provide bracing.
The partition is mounted to the chassis by
right-angle brackets fastened to the sides.
The socket is mounted with the eathode con-
nection at the top, the cathode prong being
directly grounded to the nearest mounting
screw for the socket. The heater by-pass con-
denser, (g, is mounted directly over the center
of the tube socket, extending between the
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paralleled heater prongs at the bottom and the
cathode prong at the top. The screen by-pass
is connected with short leads between the
screen prong and the nearest socket serew.
The grid coil, Ls, is supported by the grid
prongs on the socket. The two turns of the coil
are spaced about one-half inch to allow room
for the input coupling coil L; to be inserted
between them. The coupling is adjusted by
bending L4 into or out of Ls. The grid tuning
condenser, 'y, is mounted between the socket
prongs; although the condenser has mieca in-
sulation it is used essentially as an air-dielectric
condenser since the movable plate does not
actually contact the mica at any setting inside
the band. The coupling link is soldered to lugs
under binding posts on a National FWG strip,
the strip being mounted on metal
pillars 114 inches high to bring the
link to the same height as the grid coil.
Although the shielding between the
input and output circuits of the tube
is sufficiently good so that the circuit
will not self-oscillate, tuning of the
plate circuit will react on the grid cir-
cuit to some extent because the grid-
plate capacitance, while small, is not
zero. To eliminate this reaction it is
necessary to neutralize the tube. The
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Fig. 13-15 — A 144-
Me. amplifier using a
double beam tetrode.
This t¥ype of construc-
tion is suitable for the
815 and 832 as well as
the 829 shown. The
vertical partition pro-
vides support for the
tube as well as shield-
ing between the input
and output circuits.
Note the neutralizing
“condensers” formed
by the wires near the
tube plates.
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terminals to which the plate clips make con-
nection. The output link, L4 is mounted
similarly to the grid link except that the posts
are 174 inches high. The plate choke, RFC}, is
mounted vertically on the chassis midway
between the plate prongs of the tube, the
mounting means being a short machine screw
threaded into the end of the polystyrene rod.
The ““cold” lead of the choke is by-passed by
C'; underneath the chassis.

Supply connections are made through a 5-post
strip on the rear edge of the chassis. The dotted
lines between connections in Fig. 13-16 indicate
that these connections are normally short-cir-
cuited;leadsare brought outso thatthe gridand
screen currents can be measured separately.

In adjusting the amplifier, the plate and
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neutralizing ‘““condensers” are lengths - SR —— S

of No. 12 wire soldered to the grid g L Govahi

prongs on the socket. The wires arc Fig. 13-16 — Circuit of the 829 amplifier for 144 Me.
crossed over the socket and then go  Cp — 3-30-pufd. ceramic trimmer.

through small ceramic feed-throughs Cz, C3 — Neutralizing condensers; see text.

at the top of the vertical shield, pro-
jecting over the tube plates on the
other side as shown in Fig. 13-15.
Connections between the plate tank
condenser, ("7, and the tube plate ter-
minals are made by means of small
Fahnestock clips soldered to short
lengths of flexible wire. The tank coil,
L3, 18 mounted on the same condenser

L

C4 — 500-pufd. mica, 1000 volts.

Cs5 — 500-gufd. mica, 2500 volts.

Ce — 470-uufd. mica.

27— Split stator, 15 uufd.

R1— 4700 ohms, 1 watt.

Rz — 10,000 ohms, 10 watts.

L.i — 2 turns No. 12, diameter 15 inch.

L2 — 2 turns No. 12, dmmucr 1% inch, length 15

2 turns No. 12, diameter 114 inches, lcngth 1 inch.

I.s — 2 turns No. 12, diameter 1 inch.

RFCi1 — l-inch winding of No. 24 d.s.c. or s.c.c. on ¥ -inch diam-
cter polystyrene rod.

per section (Cardwell ER-15-AD).

inch.
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Fig. 13-17 — Another
view of the 144-Me, -
amplifier. The neutral-
izing wires are crossed
over the socket before
going through the
feed-through in-
sulators. The input
circuit is designed for
link coupling to the
driver stage.

screen voltages should be left off and the d.c.
grid circuit closed through a milliammeter of
0-25 or 0-50 range. The driver should be
coupled to the amplifier input circuit through
a link (Amphenol Twin-Lead is suitable, be-
cause of its constant impedance and low r.f.
losses). Use loose coupling between L; and Le
at first, and adjust C; to make the grid circuit
resonate at the driver frequency, as indicated
by maximum grid current. The coupling be-
tween L) and Ly may then be increased to make
the grid current slightly higher than the rated
load value for the tube used — approximately
12 ma. for the 829. If the driver is an oscillator,
the coupling between Li-Lo should be ag loose
as possible with proper grid current.

After neutralization, the procedure for which
has been given in connection with other similar
amplifiers, plate and screen voltage may be ap-
plied. If possible, the plate voltage should be
low at first trial so there will be no danger of
overloading the tube. Adjust C; to resonance,
as indicated by minimum plate current (this

should be measured independently of the
screen); with the 829, the minimum plate cur-
rent should be in the neighborhood of 80
milliamperes with 400 volts on the plate and
no load on the circuit. A dummy load such as a
60-watt lamp should light to something near
full brilliance when the coupling between Ls
and L, is adjusted to make the tube draw a
plate current of 200 ma. When the loading is
set, the grid current should be checked to make
sure it is up to the rating for the tube. If it has
decreased, the coupling between L; and Ls
should be increased to bring it back to normal.

Power-supply and modulator requirements
will depend upon the particular tube used. For
the 829, the plate supply should have an output
voltage of 400 to 500 with a current capacity of
250 milliamperes. With a 400-volt supply the
modulator power required is 50 watts, with an
output transformer designed to work into a
1600-ohm load; with a 500-volt supply slightly
over 60 watts of audio power is needed, the
load being 2000 ohms, -

A Low-Cost 2-Meter Transmitter

Until very recently, most 144-Mec. stations
employed simple transmitters of the modu-
lated-oscillator type. Since the superregenera-
tive receiver was also widely used, the instabil-
ity of the transmitters was not a matter of
great importance; but with the rapid swing to
stabilized transmitters and selective receivers
now in evidence, most of the modulated-oscil-
lator signals are no longer readable. It is, how-
ever, still possible, by careful design and proper
operation, to use the simple and economical
oscillator rig and yet radiate a signal that can
be copied on all but the most selective receiv-
ers. Such a transmitter is shown in Figs.
13-18, 13-21 and 13-22.

Oscillator Ills and Their Treatment

There are two principal faults in most simple
2-meter transmitters. Many use filament tubes
with a.c. applied to the filaments, causing
severe hum modulation. Others, through poor
design, have insufficient feed-back (as evi-
denced by low grid current) so that they are
unable to sustain strong oscillation under load.
Lack of sufficient execitation also renders them
incapable of maintaining oscillation at low
plate voltages, causing them to go out of oscil-
lation over a considerable portion of the modu-
lation cyecle. Such oscillators suffer from ex-
treme frequency modulation, making their
signals unreadable on all but the very broadest
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receivers, and even on these the quality is poor
:indeed.

No simple transmitter can hope to overcome
these faults entirely, but they are materially
reduced in the rig described herewith. A.e. hum
modulation is reduced through the use of in-
directly-heated tubes; and stability 1s im-
proved through the use of a high-C push-pull
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Fig. 13-18 — Front view of the simple
144-Me. transmitter. The jacks at each
side of the antenna terminals are for in-
sertion of a meter in the oscillator grid
(left) and plate (right) circuits. The
microphone jack is at the lower left and
the on-off switech is at the right. The
calibration scale is drawn with India ink
on heavy white paper.

¢

oscillator, employing the familiar
“unity-coupled’ circuit. This ar-
rangement, wherein the grid coil
is fed through the inside of a plate
tank made of copper tubing, pro-
vides adequate excitation. Sta-
bility over wide ranges of plate
voltage is quite good, and the de-
gree of frequency modulation is
not too severe if the modulation is
held to 75 per cent or less. It is
laid out so that it is stable mechan-
ically, reducing possible frequency
changes from vibration.

Mechanical Details

| The transmitter is designed for

4 use with a plate supply of 250 to

300 volts, making it useful for

mobile or low-powered home-station opera-

tion. It employs a pair of 2C22 tubes (also

known as 7193s) as oscillators, a 6V6GT mod-

ulator, and a 6C4 as a speech amplifier and

source of microphone voltage. It is housed in a

standard 5 X 6 X 8-inch utility cabinet, the

back and front of which are removable. The
schematic diagram is shown in Fig. 13-19.

Ul
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Fig. 13-19 — Schematic diagram of the simple 144-Mec. transmitter.

C1, C4 — 10-ufd. 25-volt electrolytic.

Ca — 8-ufd. 450-volt electrolytic.

Cs, Cs — 0.01-ufd. 600-volt paper.

Co — “Butterfly” variable (Cardwell ER-14-BF /S modi-
fied; see text). :

Ri — 470 ohms, 1 watt.

Rz — 0.33 megohm, 14 watt.

Ra, R4 — 5000 ohms, 5 watts.

Rs — 0.47 megohm, 14 watt.

Rg¢ — 680 ohms, 1 watt.

R7 — 10,000 ohms, 1 watt.

L1 — Midget filter choke.

L2, Ls — Unity-coupled grid and plate coils. See,text
and Fig. 13-20.

J1, J2, Ja — Closed-circuit jack.

RFC; — No. 28 d.s.c. wire, close-wound on 1-watt re-
sistor, }4-inch diam., 3% inch long.

RFCe, RFC3, RFC4, RFC5 — 20 turns No. 20 d.s.c.
wire close-wound on 14-inch polystyrene rod.

S1 — S.p.s.t. toggle switch.

T1 — Single-button microphone (uTC
“Ouncer” — surplus).

transformer
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The plate tank “coil” is made of 3{g-inch
copper tubing, bent into a “U” which is two
inches long overall. The ends of the “U’ are
made into spade lugs, as shown in Ifig. 13-20,
the slotted ends providing a small range of
inductance adjustment. The lug ends are
fastened directly to two of the stator terminals
of the butterfly-type tank condenser, Cs. Part
of the “U” is cut out at the curved end, to
provide an opening for the center-tap of the

3 cuTouT For
GRID-COIL
CENTER-TAP

7 mEnD ON
iRraDIUS 27

Fig. 13-20 — Detail drawing of the oscillator plate in-
ductance. It is made from 3{s-inch copper tubing, bent
into a “U” shape. Ends of the “U” are formed into
spade lugs, the slots in which provide a means of slight
inductance adjustment. It is mounted directly on the
stator terminals of the tuning condenser.

grid coil. An easy way to make the grid coil
is to cut two pieces of flexible insulated wire,
about four inches long, and feed them into the
“U” through the center opening. The protrud-
ing tap, made by twisting the ends of the wires

Fig 13-21 — Back
view of the Z2-meter
transmitter, showing
the symmetrical ar-
rangement of com-
ponents. Note that the
“U”-shaped tank in-
ductance is mounted
directly on the stator
terminals of the butter-
fly tuning condenser.
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together, should be coated with household
cement after the grid resistor has been soldered
to it. Note that the grid leads are transposed.
The 2C22s will not oscillate if these are im-
properly connected. The plate leads may be
made of l4-inch copper braid, or copper or
silver ribbon is even better, if availlable. If
braid is used, it may be made solid at the end
by flowing solder.over the last half inch, after
which it may be drilled, to pass the stator
terminal screw. s
Provision is made for reading both grid and
plate current to the oscillator, two meter jacks
being mounted on either side of the plate tank.
Their terminals make convenient mounting
places for Ry and RFC,. Note that the jacks are

- connected so that the meter leads need not be

reversed when changing from one jack to the
other. The plate-meter jack must, of course, be
insulated from the metal panel.

No battery is required for microphone cur-
rent, this being obtained by running the cath-
ode current of the 6C4 speech amplifier
through the microphone transformer. The 6C4
cathode 1s by-passed with a large electrolytic
condenser, and the plate is decoupled and by-
passed to reduce hum. Since the 6C4 stage is
used principally as a source of microphone
current, resistance coupling to the 6V6GT
modulator gives adequate drive. No gain
control is included, as the full output of the
modulator is insufficient for overmodulation.
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Fig. 13-22 — Under-chassis view shows the four heater chokes and audio
components. The small round object, left center, is the microphone
transformer, a surplus midget unit. The audio choke iz at the right.

Testing
Since the grid is the controlling element in
the operation of any Class C stage, it is impor-
tant that the grid current be observed in adjust-

ing the oscillator. The plate cur-
rent may be almost meaningless,
as an indication of the proper func-
tioning of such a stage, but the
grid current shows plainly if the
oscillator is functioning correctly.
. If the grid current and bias are
normal for the tubes used, the
plate current can be ignored, ex-
cept to see that the input is not
excessive. Grid current in this os-
cillator should run about 8 ma.
when a plate voltage of 275 or so
is used and the oscillator is loaded
by a lamp or antenna. The “U”-
shaped antenna-coupling loop
should be adjusted until the grid
current is approximately this
value. The plate current will be
about 60 ma. with 275 volts on
the plates.

The transmitter frequency
should be checked with Lecher
wires, or by listening to the signal
in a calibrated receiver. In either
case there should be a load across
the antenna terminals, as the fre-
quency may be appreciably differ-
ent between loaded and unloaded

operation.
The rough calibration scale
shown was first roughed on a

white eard using pencil, and afterward drawn
over in India ink. The calibration card is glued
to the panel, and further held in place by the
condenser mounting nut and two small machine
screws.

Mobile Transmitters

In most respects, gear designed for mobile
opcration 1is similar to that used for home-
station service, except for the additional con-
siderations imposed by space and current-drain
limitations and the need to withstand constant
vibration. Though there are various types of
power supplies capable of delivering more
power, the most satisfactory arrangement for
most mobile installations is the generator or
vibrator supply that furnishes 300 wvolts at

100 to 150 ma. This power is within the capa-
bility of the average family-car battery, mak-
ing unnecessary the separate batteries and
special generators usually needed when higher-
powered systems are employed. The transmit-
ters described below are designed for 300-volt
service, though in several instances they may
be modified readily for use at higher power
levels, if the car battery and generator will
handle the extra load imposed.

A Mobile Transmitter for 50 and 28 Mec.

Low over-all battery drain in mobile opera-
tion is best obtained through the use of fila-
ment-type tubes which are lighted only during
transmission periods. The mobile unit for 6,
10 and 11 meters, shown in Figs. 13-23-13-27,
employs filament-type beam tetrodes through-
out. Five 2E30s are used, as crystal oscillator,
frequency multiplier, Class A driver, and push-
pull Class AB modulators. The final stage is a
2E25, a tube of somewhat larger design, having

its plate connection at the top of the envelope.
Total filament current is only 4.3 amperes, and
there is no drain whatever when the rig is not
actually on the air.

Mechanical Details

The transmitter is housed in a crackle-
finished cabinet which may be mounted in back
of the seat in coupé-type vehicles or in the
trunk compartment of sedans.
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Fig. 13-23 — A typical
installation of the 6-
and 10-meter mobile
transmitter. The small
aluminum box at the
right of the unit houses
the antenna change-
over relay. The gen-
emotor and its starting
relay are mounted un-
der the hood, adjacent
to the car battery. Op-
eration of the transmit-
teris controlled entirely

by the push-to-talk
switch on the hand
microphone.

Special attention is paid to ruggedness of
construction, all leads being made as short and
direct as possible. Small components are sup-
ported with terminal strips at each end where
possible, and tuning controls are equipped
with dial locks (National ODL). The meter
(a Marion 0-10-ma. sealed unit) is back-of-
panel mounted, with a sheet of Lucite serving
as a protecting window. This method of
mounting the meter, about % inch in back
of the panel, also provides a convenient method
for illuminating the meter face. Dial lights are
mounted at either side of the meter, as shown
in Figs. 13-24 and 13-26.

By using 100-pufd. variable condensers for
('y and C3, the range of the oscillator and mul-
tiplier plate circuits is extended, so that it is
unnecessary to change these coils in changing
bands. Only the crystal and the final plate coil,
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Ls, need be changed. Complete push-to-talk
operation is made possible through the use of
two relays. Ryistarts the genemotorand applies
the filament voltage to the transmitter. Ry
transfers the antenna from receiver to trans-
mitter. Both are controlled by the switch on
the microphone, which may be any single-but-
ton type that has a control switech. The Army
T-17-B, now currently available as govern-
ment surplus, is shown with the rig.

The Circuit .

The erystal oscillator is a Tri-tet, modified
for filament-type tubes. Interwound coils are
inserted in the filament leads, and one of these
is tuned. The setting of this adjustment is not
criticat and may be left near maximum setting,
for both 7- and 8.4-Me. crystals. The oscillator
doubles in its plate circuit for both bands.

Fig. 13-24 — 'T'he plate circuit of the
final stage of the mobile transmitter
is the only r.f. circuit above the chas-
sis. The three tubes at the left are the
driver and audio stages, with the os-
cillator and multiplier tubes directly
in back of the meter. The tube to the
right of the modulation transformer
is the 0A2 voltage regulator. Chassis
size is 7 X 13 X 2 inches.
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Fig. 13-25 — Wiring diagram of the mobile rig for 6 and 10 meters.

C1 — 100-pufd. midget, screwdriver-adjustment type
" (Hammarlund APC-100). ‘

Cz, C3— 100-uufd. midget, shaft type (IHammarlund
HF-100).

Cs— 15 ppfd.,
15-E).

Cs — 0.001-pfd. mica.

Cs, Cr, Co, C11, Ciz, C13 — 470-upfd. midget mica.

Cs, Ci0 — 100-gufd. midget mica.

Ri — 82,000 ohms, 1 watt.

Rz, Re — 1000 ohms, 1% watt.

Rs, R7, Rio — 100 ohms, 14 watt.

R4, Rs, Riz, Rz — Special shunts. (See text.)

Rs — 150,000 ohms, 1 watt. .

Rg — 33,000 ohms, 1 watt.

Ri1, Ris — 5000 ohms, 10 watts.

Ri1s — 10,000 ohms, 14 watt.

Ri5s — 0.5-megohm potentiometer.

Li, .2 — 7 turns each, No. 20 d.c.c., % inch long on
l-inch dia. form, windings interwound.

L3 — 10 turns No. 12 enam., close-wound on 1-inch diam.
form,

double spaced (Hammarlund HFA-

The stage following the oscillator is oper-
ated as a doubler for 27- and 28-Me. work, and
as a tripler for 50 Mec, The 2E30 is an effective
frequency multiplier, and there is adequate
excitation for the final in either case. Screen
voltage on the exciter stages is stabilized with
a miniature voltage-regulator tube, an 0AZ2.
With a screen voltage of 150, the plate input to
both ZE30s is held to about 6 watts per tube.

The final stage uses a 21£25, whose top-cap
plate connection permits the mounting of the”
plate circuit above the chassis, well isolated
from the other tuned circuits. A small shield,
cut from an old-style tube shield to a length
of about one inch, comes up to the bottom of

.1 — 6 turns No. 12 enam., 34 inch long, 14-inch inside
diam., self-supporting.

1.s — 28 Mec.: 10 turns No. 12 enam., 114 inches long, 1-
inch inside diam., self-supporting.

50 Me.: 5 turns No. 12 enam., 1 inch long, 1-inch
inside diam., self-supporting.

Ls — 3 turns on Y4-inch polystyrene rod — see text and
detail photo.

J1 — Socket on power cable, 5 prong.

J2 — Double-button microphone jack. If T-17-B micro-
phone is used, a special jack designed for this
microphone must be obtained.

Jz — Coaxial fitting (Amphenol 83-1R. Matching plug
is 83-1SPN).

M — 0-10-ma. sealed unit (Marion).

P1 — Power plug on transmitter chassis.

RFC — 2.5-mh. r.f. choke, National R-100.

Ry1, Ry2 — See text.

Si1, Sz — S.p.s.t. snap switch.

Sz — 2-section 5-position wafer-type switch.

Ty — Single-button microphone transformer.

T2 — Driver transformer (Stancor A-4752).

T3 — Modulation transformer (UTC S-18).

the 21625 plate assembly. These precautions are
sufficient to provide completely-stable opera-
tion without neutralization.

The antenna coupling coil, Ls, is wound on a
short length of polystyrene rod 14 inch in di-
ameter, into which is inserted a l4-inch rod
of the same material. This shaft projects
through the front panel, where a shaft-locking
panel bushing (Bud PB-532 bushing, Millen
10061 shaft lock) holds it in the desired posi-
tion, Coupling is adjusted by pushing or pull-
ing the knob affixed to the shaft, following
which the bushing may be tightened for per-
manent setting. The bushing may also be set
finger-tight, allowing the coupling to be ad-
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Fig. 13-26 — Detail photo of the 2E25 final stage, show-
ing method of coupling to the antenna. The coupling
coil, wound on a polystyrene rod, is adjustable from the
front panel. The plate coil is mounted by means of

G.R. plugs.

justed, yet holding it with sufficient firmness to
prevent its being jarred out of position.

Three 2E30s are used for the modulator,
one as a Class A driver and two in push-pull as
Class AB modulators. All three are triode-
connected. Bias is supplied by a 30-volt hear-
ing-aid battery, which can be tapped at 15
volts by opening up the cardboard case and
soldering on a lead at the point where the two
15-volt sections are joined together. This lead
is brought out to the unused terminal on the
battery socket and plug.

Metering of all circuits is provided by a 10-
ma. meter, a 2-section 5-position switch, and a
set of shunts. The shunts are made from small
100-ohm resistors, on which is wound about 7
feet of No. 30 enameled wire. The shunts should
be wound with an excess of wire, the length of
which may be reduced until the multiplication
of the meter scale is just right. The resistor
Ry in the final grid circuit is left without a
shunt, giving dircet reading on the 10-ma. scale
for measuring the final grid current.

437

Except for the speech stages, the unit may
be tested using 6.3 volts a.c. on the filaments
and an a.c. power supply. A storage battery
must be used for filament supply when the
speech equipment is to be tested, as a.c. on
the filaments will produce excessive hum.
Initial testing should be carried on with about
200 volts on the tube plates. When operation
has been found to be satisfactory, this may
be raised to 300.

To place the unit in operation, set S; to the
“on”’ position, leaving Sz “off.” With the
meter switch in position 4, apply plate volt-
age and note meter reading, which is the
oscillator plate current. This will be about 20
ma., dipping slightly at resonance as Cj is
adjusted. Next switch to position B and ad-
just Cs. The dip here may not be as pro-
nounced as in the oscillator, and the final
grid current, position C, 10-ma. scale, is the
best indication of resonance in the preceding
adjustments. This reading should be about 4
ma., dropping to 3 ma. under load. With Ss
turned on, the final plate current, position
D, should drop to below 10 ma. at resonance,
and coupling of the antenna should raise it to
50 to 60 ma. Modulator plate current will be
about 20 ma., rising to 60 ma. or more on au-
dio peaks. No metering position is provided
for the Class A driver current, but this should
be approximately 10 ma.

With the coil and condenser values given, it
is impossible to get output from the final stage
on a wrong frequency, but excitation to the
final may be obtained on incorrect harmonics;
hence it is advisable to check the frequency of
each stage with a calibrated absorption-type
wavemeter.

Installation

For maximum convenience, the same an-
tenna should be used for both transmission
and reception. Antenna change-over is handled
with a conventional 6-volt antenna relay which
is mounted in a small box made up for the
purpose from folded sheet aluminum. Am-
phenol coaxial fittings, mounted on the sides

¢

Fig. 13-27 — Bottom view of the mo-
bile rig. At the left center are the »
interwound . coil and tuning con-
denser which are part of the oscil-
lator filament circuit. Audio com-
_ponents are at the left, with oscillator
and multiplier plate circuits near the
front panel.
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of the relay box as close to the relay contacts
as possible, provide for connection to the
transmitter, the receiver, and the antenna by
means of coaxial line. The relay case is
grounded and only the inner conductor of the
_coaxial line is switched.

A headlight relay for genemotor starting
may be purchased from any auto-accessory
store, and this and the genemotor should be
mounted as close to the car battery as possible,
in order to minimize voltage drop. Battery
wiring and filament cables should be as heavy

CHAPTER 13

wire as possible, with No. 12 as the minimum
for the genemotor leads.

For actual mobile operation, the quarter-
wave telescoping “whip’” antenna, operating as
a! Marconi in the manner shown in Fig. 14-11,
is convenient. Much greater range in stationary
operation from high locations may be had
with half-wave radiators or multielement ar-
rays, either of which may be arranged for
easy on-the-spot assembly. An example of such
a portable array for 50 Me. is shown in Fig.
14-12, Chapter Fourteen.

Mobile Transmitter for 144-Mc.

A crystal-controlled transmitter designed for
mobile operation on 2 meters is shown in [igs.
13-28 through 13-31. It includes a modulator
and will handle 15 watts input when used with
a 300-volt power supply.

The circuit diagram of the transmitter,
Tig. 13-29, shows a Type 6 V6GT tube used in a
Tri-tet oscillator, with a 24-Mec. erystal. The
oscillator has a fixed-tuned cathode circuit and
a self-resonant plate tank coil that tunes to 48
Me. A series-dropping resistor, Rs, maintains
the screen voltage at the proper level, when
a 300-volt supply is used. The oscillator, like
the other stages of the transmitter, includes a

Fig. 13-28 — Crystal-controlled transmitter for 144-Me.
mobile use. The amplifier plate tuning condenser and the
antenna jack are mounted on the front panel along with
the pick-up link assembly and the antenna trimmer
condenser. T'he microphone jack, the metering jacks,
and the filament on-off switch are mounted on the front
wall of the chassis. A hole to permit screwdriver adjust-
ment of the amplifier grid condenser is located at the left
side of the chassis,

jack wired in the cathode lead for metering
purposes.

A 7F8 dual triode serves as a push-pull tripler
to 144 Me. The tripler grid coil, Ls, is tuned by
the trimmer condenser, Cp, and its plate coil,
Ly, is self-resonant. Cathode bias, developed
across Ry, prevents excessive plate current
flow during off-resonant adjustment of either
the oscillator or the tripler circuits.

The final stage employs an 832A dual tet-
rode as a neutralized amplifier on 144 Mec. Grid
bias is developed by the flow of grid current
through resistor R;. If desired, protective bias
can be used by decreasing the value of I
and by connecting a battery in series with the
grid resistor.

A small amount of necutralization was re-
quired to assure completely-stable operation.
The neutralizing condensers, C'1; and Cys in the
circuit diagram, are pieces of No. 12 wire ex-
tending from the grid of one section of the 832A
to the vicinity of the plate of the other section,
The wires are crossed at the bottom of the tube
socket and go through Millen 32150 bushings
mounted in the chassis between the 7F8 and
the 832A sockets. It is possible that use of a
shielded tube socket would ecliminate the ten-
deney toward oscillation in the 832A.

A series-tuned antenna circuit, consisting of
Cy and Ly, is intended for use with any of the
low-impedance antenna feed systems com-
monly used for mobile work. The amount of
loading is adjusted by varying the position of
the pick-up link, Ls.

The modulator employs a pair of 6V6 tubes
working Class AB. A speech-amplifier stage is

-not required as long as a single-button carbon

microphone is used. Voltage for the microphone
is taken from the junction of the two eathode-
biasing resistors, R; and Rg, thus eliminating
the need for a microphone battery.

The mierophone and modulation transform-
ers used are both large and expensive for the
job at hand and were used only because they
happened to be available. The microphone
transformer can be any single-button-micro-
phone-to-push-pull-grids transformer and the
modulation transformer nced not be rated at
more than 10 watts. It should be capable of
matching a pair of 6V6 tubes to an r.f. load of
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Fig. 13-29 — Circuit diagram of the mobile transmitter for 144 Me.

Ci, C4 — 3-30-pufd. mica trimmer.

Ca 15-ppfd.-per-section split stator (Bud LC-1660).

Csz — “Butterfly” condenser, 6 uufd. per section (Card-
w(,ll ER-6-BF/S).

Cs, Cr7, Cg — 0.0047-p1d. mlca

Co — 100-yufd. midget mica.

Cy, C /10, Cis, Cig — 470-p,u.fd midget mica.

C11, Ci2 — Neutralizing wires. (See text.)

Ci4, Ci15 — 10-pfd. 25-volt electrolytic.

Ri — 0.1 megohm, 14 watt.

Rz — 47,000 ohms, 14 watt.

Ras — 33,000 ohms, 14 watt.

R4 — 470 ohms, 145 watt.

Rs — 22,000 ohms, 14§ watt.

Re — 25,000 ohms, 10 watts.

R7 — 100 ohms, 1 watt.

Rs — 150 ohms, 1 watt.

Li — 3 turns No. 18 enam., close-wound, Y4-inch diam.

L2 — 4 turns No. 18 enam., 3§ inch long,

L3z — 10 turns No. 18 enam.; coil wound in two sections
with 5 turns each side of L2, each section 34
inch long. A 14 inch is left between windings.

5000 to 7000 ohms, depending upon the input
at which the 832A is operated.

It will be noticed that the modulator input
and output connections are not wired directly
into the transmitter proper and that separate
terminal blocks are used for the r.f. and audio
sections. When the modulator is used with the
144-Me. transmitter, jumper connections are
made between the two sets of terminals as
shown by the circuit diagram. Removal of the
jumpers will allow the modulator to be used
with another transmitter, which might very
well be the 50-Mec. rig shown in Figs. 13-32 to
13-35. S3, the filament switch, will open and
close the modulator- and r.f.-section filament
circuits when the jumper connections are
made, and will operate with the modulator
alone when the jumpers are removed.

The photographs of the transmitter show

Form for L2Lj is a Millen 30003 Quartz-Q stand-
off insulator, 34 -inch diam.

Ls+—3 turns No. 18 enam., 1% inch long,
diameter.

Ls — 2 turns No. 18 enam., interwound with turns of
Ls. Ly and L5 are wound on a National PRE-3
coil form.

Le — 4 turns No. 12 enam., Y4-inch i.d., wound in two
sections with 2 turns each side of center-tap and
a la-inch space at the center, turns spaced wire
diameter.

L7 — 3 turns No. 12 enam., Y4-inch diam.,
wire diameter.

J1-Js — Closed-circuit jack.

Jé — Open-circuit jack.

J7 — Coaxial-cable connector.

REFCi, RFC2 — 300-gh. r.f. choke (Millen 34300).

RFC3 — 2.5-mh. r.f. choke (Millen 3 110")

S — S.p.s.t. toggle.
T: — Single-button
S-7).

T2 — Modulation transformer (UTC S-19).

91¢-inch

turns spaced

microphone transformer

(UTC

how the parts are mounted on a metal chassis
measuring 3 X 5 X 10 inches. The front panel
measures 3 X 5 inches and has a l4-inch lip
for fastening to the chassis. The construction
of the antenna assembly and the method of
mounting the components on the panel are
identical to the 50-Me. transmitter. A recom-
mended system of mounting the 832A tube
socket is also detailed in the text referring to
the 50-Mec. unit,

No special care need be given to the wiring
of the audio circuit, but the r.f. leads should
be kept as short as possible. The use of four
tie-point strips will simplify the mounting and
wiring of parts. A single tie-point is mounted
to the rear of the oscillator tube socket and is
used as the junction of R7, Rs, C14 and the
primary lead of the microphone transformer. A
double tie-point strip is mounted to the right
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Fig. 13-30 — A top view of the mobile trans-
mitter. The modulation transformer and the
modulator tubes are at the left end of the
chassis. The 6VO6G'T crystal oscillator, the 78
frequency multiplier, and the 832A amplifier
are in line along the center of the chassis. The
microphone transformer is in back of the 7F8.
Js, the modulator metering jack, is mounted
on the rear wall of the chassis just above the
terminal strips.

of the ecrystal socket (as seen in Fig. 13-31);
one lug is used as the connecting point for the
positive high-voltage lead and the bottom ends
of RFFCy and RFC(Cy; the bottom of L; and the
top ends of Cy and J; are connected to the
second terminal. The cathode end of L; is
connected to the cathode side of the crystal
socket. The third tie-point strip is mounted
on the 832A tube socket and serves as the con-
necting point between R4 and Jg; the bottom
end of K¢ connects to the high-voltage lead at
the second lug. The fourth strip (single lug) is
mounted on the frame of Cs and the leads
between Rs and J3 join at this point.

The construction of the driver-stage coils is
not difficult if the coil forms are properly pre-
pared in advance. A study of Fig. 13-31 will
show how the windings are placed on the
forms, and the lengths of the windings are
given in the parts list. The forms should be
marked and drilled to accommodate the wind-
ings with the holes for the ends of the windings
passing directly through the forms. L3 should
be wound in two sections with the inside ends
being ‘soldered together after the winding of
Lo has been completed. The center-taps for L,
and L; are made by cleaning and twisting the
wire at the center of each winding. Condenser
(1 is soldered across the grid ends of Lz before
the coil is connected to the tube socket,

Adjustment and Testing

When testing the transmitter, it is advisable
to start with the high voltage applied to the
first two stages only. With a 100-ma. meter
plugged in J; the oscillator cathode current
at resonance should be approximately 30 ma.
A low-range milliammeter should now be
plugged in J3 and the final grid circuit should
be brought into resonance by adjustment of
Ce. Proper operation of the tripler stage will
be indicated by a cathode current of approxi-
mately 20 ma. and a final-amplifier grid current
of 2.5 to 3 ma. The tripler grid condenser, (',
should be retuned after the amplifier grid cir-
cuit has been peaked, to assure maximum over-
all operating efficiency.

The amplifier should be tested for neutraliz-
ing requirements after adequate grid drive has
been obtained. If a well-shielded tube socket
has been used, it is possible that the amplifier
grid current will not be affected by tuning the
832A plate circuit through resonance. However,
if the grid current does kick down as the plate
circuit is tuned, it will be necessary to add the
neutralizing wires referred to in the text and
parts list as (13 and Cia. After installation
these wires should be adjusted until no kick in
grid current is seen as the 832-A plate circuit
is tuned through resonance.

v P
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Fig. 13-31 — Bottom view of the 144-Mec.
transmitter. The coil forms for L2l.3 and LslLs
are mounted on the side wall of the chassis:
the form for lLils is mounted on a small
stand-off insulator so that the windings can
be brought out to the center line of the chassis.
(1, the grid condenser for the frequency mul-
tiplier, is soldered across the grid ends of L3.
The amplifier grid tuning condenser, Cz, is
mounted on metal pillars having a length of
154 inches.
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Plate and screen voltage can now be applied
to the 832A and the plate circuit tuned to reso-
nance, as indicated by a dip in the cathode
current to 40 ma. or less. Then a dummy load
(a 15-watt light bulb will do) is connected to
the antenna jack and the loading adjusted by
varying the position of L7 and the capacitance
of C4, to cause a cathode current of 60 to 70 ma.
Approximately 10 ma. of the total cathode cur-
rent will be drawn by the sereen of the 832A
and this value should be subtracted from the
cathode current in determining the plate input.
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Amplifier grid-current should be 1.5 to 2 ma.
under load.

The jumper connecetions can now be made
between the r.f. and modulator terminal blocks
and, with power applied to the entire transmit-
ter, the modulator cathode current should be
75 ma.; 85 ma. with modulation.

The cathode meter reading will decrease
slightly when the microphone is plugged into
the circuit. This is caused by the parallel cur-
rent path that exists when the microphone
circuit is completed.

A Mobile Low-Power 50-Mc. Transmitter

The transmitter shown in Figs. 13-32 through
13-35 1s designed for mobile operation with a
power input of 12 to 20 watts, as a companion
unit to the 144-Me. rig described above. How-
ever, the rating of the amplifier tube used is
such that the unit can be used at higher levels,
delivering an output of approximately 20 watts
if a 500-volt supply is available.

As may be seen from the eircuit diagram, in
Fig. 13-33, a Tri-tet oscillator-doubler, em-
ploying a 6V6GT tube and a 25-Mec. crystal,
is used to drive an 832A amplifier. The oscil-
lator requires no manual adjustment, once set,
as the cathode circuit is fixed-tuned and the
plate circuit has a self-resonant coil. The screen
voltage for the 6V6 is reduced to the proper
value by the dropping resistor, I2s.

The push-pull amplifier employs split-stator
input and output circuits. The grid circuit is
inductively-coupled to the oscillator plate coil,
and grid bias is developed across resistor 3.
Usually, for the sake of convenience, it is de-
sirable to employ self-bias during mobile opera-
tion and the amplifier, as shown, is set up for
this type of operation. The grid leak should be
reduced in value, and a battery or bias supply
should be connected between the upper end
of the grid-metering jack, J1, and ground, if the
unit is to be operated at maximum rated power
input. Because of the isolation afforded by the
placement of the grid-circuit components be-
low the chassis and the plate circuit above, the
amplifier has no tendency toward sclf-oscilla-
tion. This may not be true if the parts layout
differs from that shown. Screen voltage for
the 832A is maintained at the proper level for
both low and maximum power input to the am-
plifier, by the dropping resistor, RBs. A jack, Jos,
provides for metering of the cathode current
of the tube. If the transmitter i1s to be keyed
for c.w. operation, the key can be plugged into
this cathode jack.

An antenna tuning assembly, intended for
operation with coaxial feed systems normally
used in mobile installations, is included as part
of the transmitter circuit. The degree of an-
tenna loading can be regulated by adjustment
of the coupling between the plate coil, Ly, and
the output link, Ls. A short length of coaxial

cable eompletes the circuit between the an-
tenna tuning components and the output jack.

The photographs show how a metal box
measuring 3 X 4 X 5 inches serves as the
chassis for the transmitter. The bottom plate
of the box is removed and used as a panel,
and is held in place by the screws and nuts
that hold the top cover and the box together.
In Figs. 13-32 and 13-35 the condenser, Co,
and the antenna jack may be seen mounted
on the panel. Metal pillars, 14 inch long, arc
used to space the condenser away from the
panel. A National FWB polystyrene insulator
is used as a mounting support for the antenna
coil, Ls, and the insulator is mounted -on 34-
inch metal posts. The antenna tuning con-
denser, Cs, is supported by its own mounting
tabs, and is connected between one end of the
pick-up link and ground.

The rear and bottom views of the trans-
mitter show how the rest of the components
are laid out on the top plate of the metal box.

Fig. 13-32 — A compact mobile transmitter or exciter
unit for 50 Me,
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the mounting nuts of the
832A socket, and these
lugs are joined together
with a No. 12 lead which,
in turn, is carried on to
the common ground point
for the oscillator circuit.
The filament, cathode,
and screen by-pass con-
densers for the amplifier
are all returned to the
common ground. These
three condensers, Cz Cs
and Cy, all rest on the

LT

6.3V. AC,
= 300V.
-H.V.

6.3V AC. +300V.

Fig. 13-33 — Circuit diagram of the mobile transmitter for 6 meters.

Cy — 15-;;,,Lfd per section (Bud LC-1660).

Cz2 — "Butterfly” condenser, 15 upfd. total (Cdrduell ER-15-BF/8S).

C3z — 3-30-yufd. mica trimmer.
Cs — 100-ppfd. midget m1c.1

Cs, e, — 0.0047-ufd. mica.
C7, o — 470-ppfd. midget mica.
Cs — 0.001-ufd. mica.

Ri — 0.12 meghom, 14 watt.
Rz — 47,000 ohms, 14 watt.

Rz — 22,000 ohms, 1% watt.

R4 — 25,000 ohms, 10 watts.

11 — 3 turns No. 18 enameled wire, close-wound, 14-inch diam.

Lz — 5 turns.

Ls — 9 turns, 414 each side of center, with a 7¢-inch space between sections.
Ls — 10 turns, 5 each side of center, with a 31 -inch space between sections.
Ls — 3 turns. L2 through Ls have an inside diameter of 34 inch; No. 12 enameled

wire, turns spaced wire diameter.
J1, Jo — Midget closed-circuit jack.
Js — Coaxial-cable connector.
RFCi — 10-gh. r.f. choke (Millen 34300).
RFCz2 — 2.5-mh. r.f. choke (Millen 34102).

This plate should be removed from the box
while the construction and wiring are being
carried on. All of the wiring, with the exception
of the d.c. leads to the metering jacks and the
input terminals, can be completed in convenient
fashion before the top plate is attached to the
metal box.

The socket for the amplifier tube is centered
on the chassis plate at a point 234 inches in from
the front edge, and is mounted below the plate
on metal pillars 34 inch long. A clearance hole
for the 832 A, 214 inches in diameter, is directly
above the tube socket. Sockets for the oscilla-
tor tube and the crystal are mounted toward
the rear of the chassis.

The oscillator coil, Ls, is mounted on the
6V6 socket; the spare pin, No. 6, of the socket
being used as the tie-point for the cold end
of the plate coil and the other connections that
must be made at this part of the circuit. The
oscillator cathode coil is mounted between the
cathode pin of the 6V6 and a soldering lug
placed under the mounting screw of the crystal
socket. Cs and Cg can be seen to the rear of
the erystal socket, and RF(C; is mounted be-
tween the tube socket and a bakelite tie-
point strip located at the left of the chassis.

The method employed to assure good r.f.
grounding of the amplifier components is visible
in Fig. 13-35. Soldering lugs are placed bencath

832A tube socket.

The amplifier grid coil,
L3, is self-supporting, with
the ends connected to the
grid pins of the 832A
socket. The tuning con-
denser, Cy, is actually sup-
ported on metal pillars at
the right-hand side of the
metal box, but the con-
denser can be wired in
place if the operation is
carried out in the proper
order. First, mount the
chassis plate on the box
and locate the proper
place for the condenser.
Next, determine the
length of the leads to con-
nect the condenser to the
tube socket, and then re-
move the chassis from the case. The condenser
may now be wired into the circuit, and the

Fig. 13-34 — Top view of the 50-Me. mobile transmitter.
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Fig. 13-35 — Bottom view of the mobhile
transmitter, showing all major components
attached to the top plate.

+

rigid mounting of €1, by means of
metal posts 114 inches long, can be
done during the final assembly of the
unit.

The grid leak, Rs, is connected be-
tween the center-tap of Lz and a tie-
point strip that is mounted on the
condenser frame. RFCs is mounted to-
ward the front of the chassis, and the
grommet-fitted hole to the left of the
choke (Fig. 13-35) carries the lead be-
tween the plate-voltage terminal and

the choke.

The metering jacks and the power terminal
strip may now be mounted on the front and rear
walls of the metal box. Holes to permit mount-
ing and adjustment of C; should also be drilled
at this time. Portions of top flanges of the
metal case must be eut away in order to pro-
vide clearance for the oscillator section and
the mounting nut for the amplifier plate choke.
After the case, chassis and panel have been
fastened together, the wiring of the amplifier
plate circuit may be completed.

Test Procedure

A power supply capable of .delivering 300
volts at 100 ma. and 6.3 volts at 2 amp. may
be used for testing the transmitter. The high
voltage should not be applied to the 832A
plates until the oscillator has been checked.
For initial tests the input voltage can be re-
duced to approximately 150 volts while the cir-
cuits are checked for resonance and proper
operation. Squeezing or spreading the turns
of the coils should bring the circuits into reso-
nance, as indicated by maximum grid current
to the 832A. If the oscillator is performing cor-
rectly, the 6V6 plate current will be between
1 and 4 ma., rising to the latter value when
the circuits are tuned to the second harmonic
of the crystal by adjustment of . The grid
current should fall to zero, and the plate cur-
rent of the oscillator tube should rise consid-

erably when the erystal is removed from the
socket.

The amplifier plate and screen voltage can
be applied at this point. The unloaded eathode
current of the amplifier should be about 15
ma., rising to & maximum of 75 or 80 ma. under
load, which may be a 15-watt light bulb con-
nected to the antenna jack. C3 should be ad-
justed along with the coupling between L4 and
L; until maximum output is obtained. The
correct degree of loading has been obtained
when the plate current at resonance is 10 to
15 ma. below the off-resonance value. The
plate tuning condenser, Cs, should be reset
each time that a loading adjustment is made.

A final check of voltages and currents should
show the following: oscillator and amplifier
plate, 300 volts; oscillator screen, 200 volts:
amplifier screen, 150 volts; amplifier bias (read
at the grid-coil center-tap with a high-resist-
ance voltmeter), 65 volts, negative.

The oscillator plate current should be 28 to
30 ma. and amplifier grid eurrent should be
about 3 ma. Under load, the amplifier cathode
current should be approximately 60 ma. with
8 or 10 ma. of this amount being drawn by the
832A screen.

Modulation can be supplied by the audio
system used in the 2-meter rig shown in Fig.
13-28, or a similar unit may be added, if only
50-Mec. operation is desired.

Transceivers

The transceiver is a combination trans-
mitter-receiver in which, by suitable switching
of d.c. and audio circuits, the same tube and
r.f. circuit functions either as a modulated
transmitting oscillator or as a superregenera-
tive detector. This makes for extreme compact-
ness and light weight, making the transceiver
popular for hand-carried portable equipment.
It is a compromise with respect to other
features, however. The transceiver can be a
source of serious interference, and its efficiency

is not equal to that of other types of gear
wherein separate tubes and circuits are used
for transmission and reception.

As a matter of good amateur practice the
use of transceivers should be confined to very
low-power operation — as in ““walkie-talkie”
or ‘‘handie-talkie” equipment — in the 144-
Mec. band, and to experimental low-power
operation in the higher-frequency bands. The
use of transceivers should be avoided entirely
for regular operation on the 144-Me. band.
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V.HF. Antennas

While the basic principles of antenna opera-
tion are essentially the same for all frequen-
cies, certain factors peculiar to v.h.f. work
call for changes in antenna technique for the
frequencies above 50 megacycles. Here the
physical size of multielement arrays is reduced
to the point where an antenna system having
some gain over a simple dipole is possible in
nearly every location, and experimentation
with various types of arrays is an important
part of the program of most progressive ama-
teurs. The importance of high-gain antennas in
v.h.f. work cannot be overemphasized. A good
antenna system is often the sole difference
between routine operation and outstanding
success in this field. By no other means can so
large a return be obtained from a small in-
vestment as results from the erection of a good
directional array.

Design Factors

Beginning with the 50-Mec. band, the fre-
quency range over which antenna arrays
should operate effectively is often wider in
percentage than that required of lower-fre-
quency systems; thus greater attention must
be paid to designing arrays for maximum fre-
quency response, possibly to the extent of
sacrificing other factors such as high front-to-
back ratio.

As the frequency of operation is increased,
losses in the transmission line rise sharply;

hence it becomes more important that the .

line be matched to the antenna system cor-
rectly. Because any v.h.f. transmission line is
long, in terms of wavelength, it is often more
effective to use a high-gain array at relatively
low height, rather than to employ a low-
gain system at great height above ground,
particularly if the antenna location is not
completely shielded by heavy foliage, build-
ings, or other obstructions in the immediate
vicinity.

This concept i8 in direct contrast to early
notions of what was most desirable in a v.h.f.
antenna system. An appreciable clearance
above surrounding terrain is desirable, but
great height is by no means so all-important
as it was once thought to be. Outstanding
results have been obtained by many v.h.f.
workers, especially on 50 and 144 Mec., with
antennas not more than 25 to 40 feet above
ground. DX can be worked on 50 Me. with
arrays as low as a half-wave above the ground
level.

Polarization

Practically all the early work on frequencies
above 30 Mc. was done with vertical antennas,
probably because of the somewhat stronger
field in the immediate vicinity of a vertical
system. When v.h.f. work was confined to al-
most pure line-of-sight distances, the vertical
dipole produced a stronger signal at the edge
of the working range than did the same an-
tenna turned over to a horizontal position.
With the advent of high-gain antennas and
extended operating ranges, horizontal systems
began to assume importance in v.h.f. work,
especially in parts of the country where a con-
siderable degree of activity had not already
been established with verticals.

Numerous tests have shown that there is
very little difference in the effective working
range with either polarization, ¢f the most
effective element arrangements are used and
the same polarization is employed at both
ends of the path. Vertical polarization still has
its adherents among 50-Mec. enthusiasts and
much fine work has been done with vertical an-
tennas, but an effective horizontal array is
somewhat easier to build and rotate. Simple
2-, 3- or 4-element horizontal arrays have
proven extremely effective in 50-Mec. work,
and the postwar era has seen an increase in the
use of such arrays which has amounted to
standardization on horizontal polarization.

The picture is secmewhat different when one
goes to 144 Me. and higher. At these fre-
quencies, the most effective vertical systems
(those having two or more half-wave elements,
vertically stacked) are more easily erected
than on 50 Mec. Important, in considering the
polarization question, is the existence of
countless 144-Mec. mobile stations, whose
antenna systems must, of necessity, be verti-
cal. While horizontal polarization will un-
doubtedly find increased favor at 144 Me. and
higher, particularly for point-to-point work in
rural areas, it is probable that vertical polar-

- ization will continue in use for some years to

come, particularly in areas where activity has
been established with vertical systems. Under
certain conditions, notably a station directly
in the shadow of a hill, there may be a con-
siderable degree of polarization shift, but or-
dinarily it may be assumed that best results in
144-Me. work will be obtained by matehing the
polarization of the stations one desires to con-
tact.
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Impedance Matching

Because line losses tend to be much higher
in v.h.f. antenna systems, it becomes increas-
ingly important that feedlines be made as
nearly ‘‘flat’’ as possible. Transmission lines
commonly used in v.h.f. work include the
open-wire line of 500 to 600 ohms impedance,
usually spaced about two inches; the poly-
ethylene-insulated flexible lines, available in
impedances of 300, 150, 100, and 72 ohms;
and coaxial lines of 50 to 90 ohms impedance.
These may be matched to dipole or multi-
element antennas by any of several arrange-
ments detailed below.

The u]!!

Used principally as a means of feeding a
stationary vertical radiator, around which
parasitic elements are rotated, the “J” con-
sists of a half-wave vertical radiator fed by a
quarter-wave matching section, as shown at A,
Fig. 14-1. The spacing between the two sides
of the matching section should be two inches
or less, and the point of attachment of the
feedline will depend on the impedance of
the line used. The feeder should be slid along
the matching section until the point is found
that gives the best operation. The bottom of
the matching section may be grounded for light-
ning protection. A variation of the “J”” for use
with coaxial-line feed is shown at B in Fig. 14-1.
The “J” is also useful in mobile applications.

®) || sheo | ¢
fMe.
Fig. 14-1 — Two
versions of the
“J” antenna, often
used in mobile in-
3'?;,“-?{"%5 (B) stallations, or in
Obrrs 2880 vertical arrays
\ 1) fMc where parasitic
I ‘ elements may ro-
0 v tate around a fixed
. radiator,
May be
grounde:
4

The Delta or " Y '-Match

Probably the simplest arrangement for feed-
ing a dipole or parasitic array is the familiar
delta, or “Y ’-match, in which the feeder sys-
tem is fanned out and attached to the radiator
at a point where the impedance along the ele-
ment is the same as that of the line used. In-
formation on figuring the dimensions of the
delta may be found in Chapter Ten. Chief
weakness of the delta is the likelihood of radia-
tion from the matching section, which may
interfere with the effectiveness of a multi-
element array. It is also somewhat unstable

mechanically, and quite eritical in adjustment.

The *'Q” Section

An effective arrangement for matching an
open-wire line to a dipole, or to the driven
element in a 2- or 3-clement
array having wide (0.25 T M
wavelength or greater) spac-
ing, is the ““ Q" section (Chap-
ter Ten). This consists of a
quarter-wave line, usually of
Ls-inch or larger tubing, the

spacing of which is deter- 2842 | ——
mined by the impedance at 1. N 300-0hm
the center of the array. The tine
parallel-pipe “Q’’ section is

not practical for matching

multielement arrays to lines

of lower impedances than 1

about 600 ohms, nor can it T Uowrj’f:qs

be wused effectively with
close-spaced parasitic arrays.
The impedance of the “Q”
scction required in these
cases is lower than can be obtained with paral-
lel scetions of tubing of practical dimensions. A
quarter-wave secetion of coaxial or other low-
impedance line is a commonly-used means of
matching a line of 300 to 600 ohms impedance
to the low center impedance of a 3- or 4-
element array. The length of such a line will
depend on the velocity of propagation (propa-
gation factor) of the line used. The propagation
factors of all the commonly-used lines are
given in table form in Chapter Ten.

In some installations it may be more con-
venient to use a line of greater length than a
single quarter wave for matching purposes, in
which case any odd multiple of a quarter
wavelength may be used. The exact length
required may be determined experimentally by
shorting one end of the line and coupling it to
a source of r.f., and trimming*the line length
until maximum loading is obtained at the
center frequency of the operating range.

The "'T’-Match

The principal disadvantages of the delta
system can be overcome through the use of the
arrangement shown in Figs. 14-5 and 14-13,
commonly called the “T’’-match. It has the
advantage of providing a means of adjustment
(by sliding the clips along the parallel con-
ductors), yet the radiation from the matching
arrangement is lower than with the delta,
and 1its rigid construction is more suitable
for rotatable arrays. It may be used with
coaxial lines of any impedance, or with the
various other forms of transmission lines up
to 300 ohms. The pofition of the clips should,
of course, be adjusted for maximum loading
and minimum standing-wave ratio, the latter
being most important as an indication of

Fig. 14-2 — De-
tails of the folded
dipole.
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proper setting. The “ T system is particularly
well suited for use in all-metal “plumbing”
arrays.

The Folded Dipole

Probably the most effective means of match-
ing various lines to the wide range of antenna
impedances encountered in v.h.f. antenna
work is the folded dipole, shown in its simplest
form in Fig. 14-2. When all portions of the
dipole are of the same conductor size, the im-
pedance at the feed-point is equal to the square
of the number of elements in the folded dipole
times the normal center impedance which
would be present if only a conventional split
half-wave radiator were used. Thus, the simple
folded dipole of Fig. 14-2 has a feed-point
impedance of 4 X 72, or approximately 288
ohms. It may be fed with the popular 300-ohm

CHAPTER 14

line without appreciable mismatch. If a three-
wire dipole were used, the step-up in imped-
ance would be nine times. Note that this step-
up occurs only if all portions of the folded
dipole are the same conductor size.

The impedance at the feed-point of a folded
dipole may also be raised by making the fed
portion of the dipole smaller than the parallel
section. Thus, in the 50-Mec. array shown in
Fig. 14-4 the relatively low center impedance
of a 4-element array is raised to a point where
it may be fed directly with 300-ohm line by
making the fed portion of the dipole of l4-inch
tubing, and the parallel section of 1-inch. A
3-element array of similar dimensions could be
matched by substituting 34-inch tubing in the
unbroken section. Conductor ratios and spac-
ings may be obtained from Fig. 10-80, Chapter
Ten.

Antenna Systems for 50 Mc.

Since the same basic principles apply to all
antennas regardless of frequency, little dis-
cussion is given here of the various simple
dipoles that may be used when nondirectional
systems are desired. Details of such antennas
may be found in Chapter Ten, and the only
modification necessary for adaptation to use on
50 Mec. or higher is the reduction in length
necessary for increased conductor diameter at
these frequencies.

A Simple 2-FElement Array

A simple but effective array which requires
no matching arrangement is shown in Fig.
14-3. Its design takes into account the drop
in center impedance of a half-wave radiator
when a parasitic element is placed a quarter
wavelength away. A director element is shown,
as the drop in impedance using a slightly-
shortened parasitic element is just about right
to provide a good match to a 50-ohm coaxial
line. The element lengths are not extremely
eritical in such a simple system, and the fig-
ures presented may be used with satisfactory
results.

A 4.Flement Array

The importance of broad frequency response
in any antenna designed for v.h.f. work
cannot be overlooked. The disadvantage of all
parasitic systems is that they tend to tune

Director

. _ 5540
Radiator= FMte.

'\ S0-0hnt
N\ Coaxcal line

Fig. 14-3 — A simple 2-clement array for 50 Mec. No
matching devices are needed with this arrangement.

quite sharply, and thus are often effective over
only a small portion of a given band. One way
in which the response of a system can be broad-
ened out is to inerease the spacing between the

Fig. 14-4 — Dimensional drawing of a 4-element 50-Mec.
array. Element length and spacing were derived ex-
perimentally for maximum forward gain at 50.5 Mec.

parasitic elements to somewhat more than the
0.1 or 0.15 wavelength normally considered to
provide optimum front-to-back ratio. Some
broadening may also be obtained by making
the directors slightly shorter and the reflector
slightly longer than the optimum value. The
folded dipole is useful as the radiator in such an
array, as its over-all frequency response is
somewhat broader than other types of driven
elements.

A 4-element array for 50 Me. having an
effective operating range of about 2 Me. is
shown in Figs. 14-4 and 14-5. It employs a
folded dipole having nonuniform conductor
size. Reflector and first director are spaced
0.2 wavelength from the driven element, while
the forward director is spaced 0.25 wavelength.
The spacing and element lengths given were
derived experimentally, and are those that
give optimum forward gain at the expense of
some front-to-back ratio. As the latter quality
is not of great value in 50-Mec. work, it can be
neglected entirely in the tuning procedure for
such an array.
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Fig. 14.5— An example of
stacking two arrays for differ-
ent bands on the same sup-
port. The top section is a
4-element array for 50 Mec.;
the lower a 3-element system
for 28 Mc. All-metal construc-
tion is employed.

The dimensions given are for peak perform-
ance at 50.5 Mec. For other frequencies, the

length of the folded dipole in inches should be

figured according to the formula
5540
ch-

L =

The reflector will be 5 per cent longer, the first
director 5 per cent shorter, and the second
director 6 per cent shorter than the driven
element. A broadening of the response may be
obtained, at a slight sacrifice in forward gain,
by adding to the reflector length and subtract-
ing from the director lengths. For those inter-
ested in experimenting with element lengths,
slotted extensions may be inserted in the ends
of the various elements, other than the dipole,
as shown in Fig. 14-7. A 3-element array may

Fig. 14-6 — Detail sketches showing method of mount-
ing elements in the dual array for 28 and 50 Mc. A —
The 50-Mc. boom is comprised of two pieces of angle
stock mounted edge-to-edge to form a channel. The
elements are fastened to the boom by means of a cradle,
also of angle stock. B — In the 10-meter array, the two
portions of the boom are separated, and mount on either
side of the vertical support. The elements and their sup-
porting crossarms are attached to the lower surface of
the boom,

be built, using the same general dimensions,
except that the unbroken section of the folded
dipole, in this case, should have a 34-inch
diameter element in place of the l-inch tubing
used in the 4-element array.

Stacked Antennas

Excellent results in long-distance work are
being obtained by 50-Me. stations using vari-
ous more-complex directional arrays than the
ones described above. The most important
factor in sueh work is the attainment of the
lowest-possible radiation angle, and this pur-
pose is well served by stacking of elements, in
either vertical or horizontal systems. The use
of two parasitic arrays, one a half-wavelength
above the other, fed in phase, provides a gain
of 3 db. or more over that of a single array. .
The system shown (for 144 Me.) in Fig. 14-8
is excellent for either wvertical or horizontal
polarization, as is the ‘“H’ array, using four
half-wave elements, with or without parasitic
elements.

Stacked Arrays for Two Bands

As many 50-Mec. enthusiasts also operate on -
28 Mec., it is often desirable to stack arrays for
the two bands on a common tower and rotating
device. Such a dual array, combining a 4-
element system for 50 Mec. with a 3-element
array for 28 Mec., is shown in Fig. 14-5.

If space limitations make it absolutely neces-
sary, the two arrays may be mounted with but
a few inches separating them, but experience
has shown that some effectiveness is sacrificed,
particularly in the array for the higher fre-
quency. A separation of at least three feet is
recommended as the minimum for avoiding
harmful interaction. In the example shown the
separation is six feet, at which distance each
array performs cqually as well as it would 1t
mounted alone.
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Fig. 14-7 — Detail drawing of inserts which may be
used in the ends of the elements of a parasitic array to
permit accurate adjustment of element length.

In this dual array all-metal construction is
employed, doing away with the use of insu-
lators in mounting the elements. The booms
are made of two pieces of l-inch angle stock
(248T aluminum), with supporting braces of
the same material. The method of assembling
the booms and mounting the elements is shown
in Fig. 14-6. The booms are 150 inches and 160
inches in length for the 6- and 10-meter arrays
respectively. To prevent swaying of the 10-

CHAPTER 14

meter elements, they are braced with guy
wires, which are broken up with small insu-
lators. These sway-brace wires are attached to
the elements at approximately the midpoint
between the boom and the outer end, and are
brought up to the vertical support at the point
of attachment of the horizontal fore-and-aft
braces.

The 50-Mec. portion of the array is similar in
element length and spacing to the 4-element
array already described. The element spacing
for the 10-meter array is 0.2 wavelength, or 80
inches. The driven element is 198 inches long,
the director 188 inches, and the reflector 208
inches. It is fed by means of a ““T'"-match and a
300-ohm line. These dimensions give quite
uniform performance and low standing-wave
ratio over the range from 28 to 29.1 Me., and
the array will take power and show appreciable
gain over a half-wave from 27.2 to 29.7 Me.
Complete details of this dual array will be
found in @S7 for July, 1947.

Antenna Systems for 144 Mc.

The antennas already described may, of
course, be used for 144 as well as 50 Mec., but
since they are designed for maximum effective-
ness in a horizontal position, other designs may
be used more effectively where vertical polari-
zation is desired. With either polarization, the
stacking of clements vertically lowers the
radiation angle and extends the operating
range. The smaller size of 144-Mec. arrays
makes such stacking of elements a much sim-
pler procedure than on 50 Mec. Another ad-
vantage of the array employing elements fed
in phase is that its frequency response is likely
to be less critical than an array that achieves
the same gain with but one driven element and
parasitic directors and reflectors. Thus the
element lengths, even in such complex systems
as the 16-element array shown in Fig. 14-9,
are not at all eritical.

Plane reflectors are usable at 144 Me., their
size at this frequency being within reason. An
interesting possibility in connection with this
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Iig. 14-8 — A double-"Q” array for 144 Me. The hor-
izontal portion of the half-wave "H™ acts as a “Q” sec-
tion, matching the antenna impedance to the 300-ohm
line attached at the center of the array. This array works
well in cither vertical or horizontal positions.

type of reflector is its use with two different
sets of driven elements, one on each side of the
reflecting screen. A set of elements arranged
for vertical polarization may be used on one
side, and a set of horizontally-polarized ele-
ments on the other, or the plane reflector may
be made to serve on two different bands by a
similar arrangement of elements for two fre-
quencies, on opposite sides of the reflector.
The sercen need not be a solid sheet of metal,
or even a close-mesh sereen. A set of wires or
rods arranged in back of the driven elements
will work almost equally well. The dimensions
of the reflector are not critical. For maximum
effectiveness, the plane reflector should extend
at least one-quarter wavelength beyond the
area occupied by the elements, but reflecting
curtains no larger than the space occupied by
the reflectors shown in Fig. 14-9 have been
used with good results.

A 6.Flement Array

In designing directional arrays having more
than one driven element it is advisable to ar-
ange for feeding the array at a central point.
A simple 6-element array of high performance,
incorporating this principle, is shown in Fig,
14-8. All the elements may be made of soft-
copper tubing, Y inch in diameter. The driven
clements are comprised of two pieces which
are bent into two ‘‘“U”-shaped sections and ar-
ranged in the form of a half-wave ‘“H.”” The
horizontal portion of the “H’ is then a double
quarter-wave ‘““QQ’" section, matching the im-
pedance of the two radiators to that of the
feedline. With the wide spacing used, the po-
sition of the parasitic elements is not particu-
larly eritical, except as it affects the imped-
ance of the system, and the spacing of the
elements may be varied to provide the best
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Fig. 14-9 — A 16-clement
array for 144 Mec., showing
supporting structure and
“rotating mechanism.” Sash
cord wrapped three times
around the crisscross pulley
permits 360-degree rotation.

L

match. The spacing of the horizontal
section may be varied for the same
purpose. With the dimensions given,
a spacing of one inch between centers
is about right for feeding with a 300-
ohm line. The radiation pattern of
this array is similar in both horizontal
and vertical planes; thus it will work
with equal effectiveness in either posi-
tion, provided the polarization is the
same as that of the stations to be
contacted.

A 16-Elemenft Array

By using a curtain of eight half-
wave elements, arranged as shown in
Figs. 14-9 and 14-10, backed up by cight re-
flectors, a degree of performance can be ob-
tained which is truly outstanding. A gain of as
much as 15 db. can be realized with such an ar-
rangement, effecting an improvement in op-
erating range which could never be obtained by
any other means. Such an array is neither diffi-
cult nor expensive to construct, and its per-
formance will more than repay the builder for
the trouble involved in its construction.

The cumbersome nature of the structure re-
quired to support such an array would make
its construction out of the question for a lower
frequency, but for 144 Mec. the outside dimen-
sions are only 114 X 7 X 10 feet, and the sup-
porting frame can be made quite light.

The center pole (a 114-inch rug pole 10 feet
long) turns in three bearings which are
mounted on braced arms extending out about
two feet from a ‘“‘two by three,” which is

300 ohm
line

L J ) J

Fig. 14-10 — Schematic of the radiating portion of the
16-element 144-Me. array. Reflectors are omitted for
clarity. Radiators are 38 inches long, reflectors 40.5
inches. Crossover or phasing sections are also 40.5
inches long. Reflectors are mounted 17 inches in back of
each radiator,

braced in a vertical position. An improvised
pulley made of two pieces of 1 X 2-inch ““fur-
ring”” notched in the ends and fastened criss-
cross fashion near the bottom of the center
pole serves as a “rotating mechanism.”” Sash
cord wrapped three times around this ‘“‘pul-
ley”’ and run over to the window on small pul-
leys allows the beam to be rotated more than
360 degrees before reversal is required. To keep
the array from twisting in high winds-light
sash cords are attached near cach end of the
supporting structure. These cords are brought
through the window near the rotating ropes
and are pulled up tight and fastened when the
antenna is not in use.

The elements are of 2{g-inch soft-aluminum
tubing for light weight. To stiffen the struec-
ture, and to help maintain alignment, in-
serts were turned down from 4-inch poly-
styrene rod to fit tightly into the elements at
the point where the ecrossover or phasing
wires are connected. Similar inserts are used
for the reflector elements also. The inter-
connecting phasing sections are of No. 16
wire, spaced about 114 inches. The feedline,
connected at the center of the system, is
Amphenol 21-056 Twin-Lead, 300 ohms
impedance. The impedance at the center of
the array is about right for direct connection
of the 300-ohm line, without the necessity for
a matching section of any kind. It is probably
somewhat lower than 300 ohms, actually, and
if a perfeet match is desired, a “Q’’ section
may be used. The performance is not greatly
affected by such a change, however, as the
standing-wave ratio is relatively low with the
connection as shown.

The center section of the array may be used
without the outside 8 elements, if space is lim-



