CHAPTER NINETEEN

Ultra-High-Frequency
Transmitters

The frequencies above 30 megacycles are
generally called the ultra-high frequencies or
the ultra-short wavelengths. Four amateur
bands fall on frequencies above 30 Me.; the
56 to 60 Me., 112 to 116 Me., 224 to 230 Me.,
and 400 to 401 Me. bands. Equipment de-
signed for use in these frequency ranges is
generally quite different from the equipment
designed for use below 30 Me. Hence, this
chapter will deal with the practical design of
transmitters for nuse within the Hmits of these
bands.

The primary activity on the wh.f. bands is
telephony, although some i.c.w. and oc-
casionally some ¢.w. is heard. On the 5-meter
band (56 to 60 Me.) radiophone transmitters
are either crystal controlled or m.o.p.a. with
a very high-Q self-excited oscillator and
preferably at least one buffer stage. Modu-
lated oscillators are not suitable for use on the
5-meter band, as the stability requirement sef
forth in the FCC regulations automatically
rules them out. Frequency modulated trans-
mission is, however, permitted in the range
from 58.5 to 60 Me., and on all frequencies
within the bands above 60 Me.

On 2%, meters (112-116 Me.}, 114 meters
(224-230 Me.), and 34 meters (400-401 Me.)
the F'CC is more lenient, and modulated os-
cillators are permitted in the interest of
simplicity. However, some attempt at
stabilizing the oscillator is usually made, and
the advantages of m.o.p.a. transmitters are
the same as on the low-frequency bands,
when greatest simplicity is not needed. Os-
cillator stabilization is usually aecomplished
through the use of high-Q circuits, particularly
in the grid ciremit. High Q 1is obtained
through the use of linear tanks (parallel rods
or pipes) or by concentric tanks. The cireuit
Q is often increased still further in the grid
circuit by tapping down on the quarter-wave

grid line for the grid connection to the tube.

Portable and mobile operation on fre-
quencies above 112 Me. can be accomplished -
with a minimum of equipment through the
use of transceivers, or combined transmitter-
receivers; these have been deseribed in the
previous chapter.

Chapter Subdivisions. In order to classify
the types of equipment used on the ultra-
high frequencies and the miecro waves, this
chapter will be subdivided into the following
divisions: Oscillators and M.O.P.A. Trans-
mitters, Crystal Controlled Transmitters and
U.H.F. Amplifiers, Frequency Modulation
Transmitters, and Micro-Wave Transmitters.

OSCILLATORS AND M.O.P.A.
TRANSMITTERS

The majority of the equipment to be shown
under this heading will be of the simple os-
cillator type, since this type of equipment is
quite adequate for experimental 112- and
224-Me. communication. However, when
greater frequency stability is desired, it is
always advisable to place an amplifier or
frequency multiplier between the oscillator
and the final amplifier which is to be keyed
or modulated. Some of the newer w.h.f. tri-
odes such as the HK-24, 35TG, HY-75, and
1628 can be operated quite efficiently as push-
pull triplers and will allow quite satisfactory
neutralization in a push-pull amplifier when
the conventional eross connected neutralizing
circuit is used. Single ended amplifier stages
can be neutralized most satisfactorily by the
coil or inductive neutralization cireuit shown
under Transmitter Theory. The “coil” in this
case can best be a short section of closely
spaced open-wire line to resonate to the
operating frequency by the grid-to-plate
capacity.
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U.H.F. Push-Pull Beam Tubes. Within
the last few months several excellent push-
pull u.h.f. beam tubes have made their ap-
pearance: 829, 815, ete. These tubes make
excellent push-pull r.f. amplifier stages at 56,
112, and 224 Mec. and they have the advantage
that, if the input cireuit is properly shielded
from the output, no neutralization will be re-
quired.

112-Mc. Equipment

20-Watt HY-75 Oscillator. This little
transmitter was primarily designed to re-
place the final amplifier stage of a ten-meter
mobile transmitter and to be modulated by the
speech and modulator system which was
originally used with the ten-meter trans-
mitter. It consists of an HY-75 ultra-audion
oscillator ~ with  conventional  coil-and-
- condenser tank circuit. A concentrie pipe or
parallel rod oscillator would undoubtedly
give greater stability, but with a low capacity,
high transconductance tube the stability has
been found sufficiently good with the tank
circuit shown. The only precautions that
need be taken in the construction of the frans-
mitter is to make sure that all r.f. leads are
as short as possible, that all parts are mounted
rigidly, and that good u.h.f. insulation be
used where it is in contact with high potential
r.f. The tuning condenser should be of the
ultra midget type, and it should be wired so
that the rotor goes to the grid. The exact
number of turns for the tank eoil will depend
somewhat on the physieal layout and particu-
lar make of components chosen. Some prun-
ing may be required on the coil. It should hit
the band when the tuning condenser is about
half meshed. Observe that both rotor and
stator are hot to ground, both to d.c. and r.£f.
The tube socket is not exposed to r.f., and
may be of the inexpensive wafer type. It is
important that the tube be mounted in a
vertical position for good filament life.
Figure 1 shows a back view of the oscillator.
It has been mounted upon this small chassis
so as to take up as little space as possible
when placed alongside the modulator system
for the mobile ten-meter transmitter. Normal
‘operation of the oscillator will be with 300
volts at about 80 ma. on the plate. If de-
sired, the power input may be raised to 425
volts at 80 ma. to give about 35 watts input.
The cireuit diagram of the oseillator is shown
in figure 2. :
Inexpensive 8-Watt Oscillator and Modu-
lator. For the amateur who wishes to build
an inexpensive low-power station transmitter
for 112 Me., the unit shown in fizure 3 and

Figure 1.
20-WATT 112-MC. OSCILLATOR.

This diminutive oscillator will take 35 watts input
on 112 Mc., and will deliver quite a substantial
signal on the band. The tube clips are connected
to the tank condenser by means of narrow copper
tibbon. A one-turn link at the grid end of the
tank connects to a coaxial cable connector.

.....

A BAT. “HOT*
() THROUGH BANOSWITCH

FROM MODULATOR
Figure 2.
SCHEMATIC OF THE HY-75 112-MC.
OSCILLATOR.

Ci—15-pufd. sub-midget condenser

Co—.0001-ufd. midget mica

RFC—U.h.f. choke

Ri—2500 ohms, 112 watts

Coil—4 t. no. 14 enam., 12" dia. spaced to hit
band .

diagrammed in figure 4 is ideal. It uses in-
expensive tubes throughout, is built upon a
breadboard, and has a quite respectable power
output capability.

The oscillator is built on a baseboard
measuring 5 x 23 x 34 inches. The two rods
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Figure 3.
112-MC. BREADBOARD OSCILLATOR USING PUSH-PULL TRIODES.
The oscillator is built breadboard fashion, with connections made directly to the tube prongs. The
linear tank circuit permits comparatively high efficiency and gives an output of 8 to 10 watts. A
suitable modulator and power supply are shown in figure 4. 6P5-GT's or 7A4's may be substituted
for the 76’s shown if desired; it will be necessary to lengthen the rods about one-half inch with the
6P5-GT's and 7A4's,

are each 151% inches long, of either copper or
aluminum 34 inch o.d. tubing. They are sup-
ported on 1V4-inch standoff insulators, placed
as shown.

The “stock” supporting the fubes is made
from a block of wood measuring 414 x 214 x
34 inches. The grain should run the long way
of the block. Holes are drilled just large
enough to take the bases of the tubes, their
centers 194" apart and 74" from one of the
41,7 edges. Now with a ripsaw, cut the
length of the block parallel to the long edges,
through the centers of the two socket holes.
The tubes will be held firmly, with a viselike
grip, when two serews are run down through
the assembly and into the baseboard 5 inches
from one end of the latter.

This method of mounting the tubes, and
soldering direct to the tube prongs, permits
shorter leads than eould be obtained with any
type socket, as even socket terminals represent
objectionable lead length at this frequency.

Bakelite tube bases show rather high losses
at 214 meters, but it is possible to reduce these
losses by putting two hacksaw slots in the
base of each tube, between the plate and grid
prongs. Be sure to saw all the way through
the base (about 1/16”), but don’t go any
farther or you may saw into the glass tip
that seals the stem of the tube.

The grid coil is soldered directly to the
grid prongs of the tubes, which should be
mounted with the grid prong (the isolated
prong) upward. The coil consists of 5 turns
of no. 14 enamelled, spaced to approximately
54”. The exact spacing constitutes tuning of
the grid circuit. The carbon resistor which
serves as a grid leak is mounted vertically be-
tween the grid coil and the wood “stock.”
The top of the resistor is soldered to the center
turn of the grid eoil (top of the coil) and the

other resistor lead is soldered to the jumper
which conneets the two 76 cathodes.

The gliding jumper for the plate tank is
constructed by soldering together two of the
older type grid clips which just slip over a
34” diameter. These make firm contact to
the rods, and can be slid along by pressing
upon the two “tongues” while attempting to
slide them. The lead from this jumper runs
underneath the baseboard midway between
the two tank rods to prevent unbalancing of
the eireuit.

Tuning. The oscillator is tuned by placing
the shorting bar 1414 inches from the plate
end of the plate tank rods. With the an-
tenna diseconnected, squeeze the grid coil in
and out until the oscillator draws 50 ma. It
should be possible to draw small sparks from
the plate end of the rods with the tip of a
lead pencil, indicating oscillation. The an-
tenna is now coupled to the plate tank by
means of hairpin link, the coupling being ad-
justed until the oscillator draws 60 ma.
Tighter coupling should not be used, as the
life of the 76’s will be greatly shortened if
they are allowed to draw over 60 ma. for any
length of time. The output under these con-
ditions will be very close to 8 watts.

The microphone jack, MIC, must be of the
closed ecircuit (shorting) type. Otherwise
the low voltage by-pass condenser C; will be
blown when the microphone plug is removed.

100-Watt 75T Resonant-Line 112-Mec. Os-
cillator. Figures 5 and 6 illustrate a con-
centric line controlled 112-Me. oscillator us-
ing a 75T, which will put out approximately
100 watts of stabilized r.f. on any frequency
in the 112-116 Me. amateur band. A short
concentric line, which is resonated to the
operating frequency by means of a 35-pufd.
midget variable, acts as the frequeney deter-
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Figure 4.
WIRING DIAGRAM OF THE ECONOMY 112-MC. TRANSMITTER.

Li—5 turns no. 14 C:—25-ufd. 25-volt
enameled, 12”7 dia., electrolytic
spaced to approx. Cy,, C;—Single “‘dual
58" (see text) 8-ufd.” electrolytic,
L——Copper or alumi- 450 w.v

num tubing “linear R1—-750(5' ohms, 1

tank,” each element watt

3" dia, 15v%2" Rz, Re—200,000 ohms,
long, spaced 114" 1 watt

center to center R—400 ohms, 10
(see text) watts

R;—50,000 ohms, 2 Ty—350 v. each side
watts ct. at 110 ma; 5
T,—High ratio sing. v. at 3 amp.; 6.3 v.

¢ at 2 amp.
button mike trans. CH—10 to 30 hy.,
(see text)

110-ma. filter choke
T—Class-B  output M—0-100-ma.  milli-
transformer for

ammeter
6N7, 6A6, 53, etc. MIC — Closed circuit
to class-C load

jack for microphone

mining element; ontput power is taken from
a self-resonant coil in the plate ecircuit.

The concentric line itself is 12 inches long
and 27 inches inside diameter (3” o.d. with
1/16” wall), and the inner conduector is 131/
inches long and 34 inches in diameter. ‘Both
pieces which make up the line are cut from
standard lengths of thin-wall eopper water
pipe. To make up the line first the inner
conductor is soldered to the center of a piece
of 20-gauge copper sheet about 314 inches
square with the aid of a small aleohol torch
and a soldering iron. Then the outer condue-
tor is slipped over it and also soldered in
place. Considerable heat is required to do the
soldering, but if the work is placed on a block
of wood as insulation, a small aleohol torch
and a conventional eleetric soldering iron
will do the job quite easily. The wood will
be thoroughly charred when the work is
finished but it will have served its purpose.
Asbestos would probably be better but wood
will be satisfactory.

A hole is drilled in both the inner and the
outer conductor 2% inches up from the base

on the line. Then another hole is drilled in
the center of the base so that a wire may be
run through it, through the inner econductor,
and then through the hole 21/ inches up
through both the inner and outer conductor
to connect to the grid of the tube. This wire
is by-passed immediately to ground and one
side of the filament of the 75T as it leaves the
base of the line.

The plate coil consists of three turns of no.
12 wire 114 inches in diameter and 2 inches
long. The upper end of this coil is by-passed
to the concentrie line by means of a .0001-,fd.
5000-volt mica condenser. This plate coil was
found to resonate over the entire 214-meter
band with the plate-to-ground capacity of the
75T and the distributed capacity of the circuit.

With the ecircuit constants shown the grid
condenser will tune the oscillator to the cen-
ter of the 2V4-meter band when it is about
half meshed. About 30° rotation of the con-
denser will cover the band. Approximately
100 watts output may be obtained from the
oscillator at 1250 plate volts and at a plate
efficiency of 50 to 65 per cent.
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Figure 5.
CONCENTRIC-LINE 75T QSCILLATOR.

This concentric-line oscillator with a 75T gives
good stability and a quite reasonable power out-
put on the 112-Mc. band.

224-Mc. Equipment

Within the last few months a great deal of
interest has been centered on the 224-Me.
band due to the peculiar conditions which
exist upon it, and due to the faet that, for a
given amount of power, greater signal
strength is obtainable over an optieal path
than with use of any of the lower frequencies.

A 2-Watt 7A4 Oscillator. Figure 7 shows
a 224-Mec. oscillator using a 7A4 which ean be
used either as a transmitter to give about 2
watts output, or as a superregenerative de-
teetor to feed an audio amplifier as a re-
ceiver. The unit as shown, and as illustrated
in the circuit diagram, is set up as a low-power
224-Me. oscillator. For this use the grid leak
R should be 7500 ohms and should be con-
nected between the grid of the 7A4 and

Figure 6.
SEMI-SCHEMATIC OF THE 75T OSCILLATOR.

C1—35-nufd. midget
variable
C:—.0001-xfd. 5000-

volt mica
+B C:—.003-ufd. midget
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C,—.0005-xfd. 1000-
valt mica
Ri—5000 ohms, 10
watts
\ T L.—Concentric grid
line—see text
Cs L——Resonant plate
cal} :oilt and link—see
BN ex
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ground. For the proper method of tuning
this oscillator to a given frequency in the 13-
meter band through the use of Lecher wires,
see the chapter U.H.F. Communication.

As an oscillator the plate voltage on the
7A4 should be limited to 250 volts and the
plate eurrent should not be greater than 30
ma. The resting plate current of the os-
cillator, unloaded, will be about 18 to 20 ma.;
when the circuit is loaded to 30 ma. about 2
watts may be taken from the antenna eoupling
link,

The plate hairpin of the oscillator is made
from no. 10 bare copper wire (actually no.
10 enamelled wire from which the enamel
has been scraped); it is bent into a narrow
hairpin with about 3/32” spacing between the
wires. The length from the turn on the loop
where the plate voltage conneetion is made
to the plate of the tube is 414”. The length
along the other side of the loop from the
plate voltage econnection to the grid com-
denser 1s 314 inches. Quite a wide adjust-
ment in frequeney may be obtained by varying
the spacing between the wires in the hairpin.
Decreasing the spacing increases the fre-
queney, and inereasing the spacing decreases
the frequency of oscillation. It is quite
simple to vary the frequenecy of oseillation
from about 180 Me. up to 230 Me. merely by
making a comparatively small adjustment in
the spacing from just over 14” to 3/32”.

To convert the oseillator into a superre-
generative detector it is only necessary to re-
move the 7500-ohm resistor that goes from the
grid to ground and then to place a 500,000-
ohm resistor directly aeross the grid con-
denser. Making the return of the grid leak
to positive high voltage in this manner greatly
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Figure 7.
2-WATT 224-MC. OSCILLATOR.

This simple and inexpensive oscillator may be used

either as a low-power transmitter on the 1va-

meter band or, by a slight circuit alteration, as a
224-Mc. band superregenerative receiver.

increases the output of the tube when oper-
ating as a detector, as compared to when 1t is
returned to ground. Note that it is necessary
to have the .003-ufd. by-pass condenser from
the plate return to ground for the tube to
superregenerate.

An HY-75 8-Watt Oscillator. Another
224-Me. oscillator using a hairpin as the
resonant line is illustrated in figure 9 and
diagrammed in figure 10. The lead lengths
from the center of the hairpin to the plate
of the HY-75 and to the grid condenser are
the same as for the 7A4 oscillator just de-
seribed. An r.f. choke has been used between
the grid and the grid leak because of the eom-
paratively low value of resistance of this
leak resistor. It was not required in the 7A4
oscillator because of the considerably higher
grid-leak resistance. A grid-leak resistance

003 UFD.

Figure 8.
SCHEMATIC OF THE SIMPLE 7A4
224-MC. OSCILLATOR.

The resistance R should be 7500 ohms for opera-

tion of the oscillator as a transmitter. For

operation as a superregenerative detector, R

should be removed and a 500,000-ohm resistor

placed across the grid condenser. The plate cir-

cuit of the 7A4 may then be fed into a conven-
tional audio amplifier.

Figure 9.
8-WATT HY-75 224-MC. OSCILLATOR

This small HY-75 transmitter is ideal for the
amateur who wishes a medium-power 1V4-meter
oscillator for both fixed station and portable use.

from 3000 to 4000 ohms has been found to be
best for the HY-75 in this circuit.

The operating voltage on the HY-75 should
be from 275 to 300 volts. The unloaded plate
current of the oscillator will be about 30 to
35 ma. and it can safely be loaded to 75 or 80
ma. before excessive plate heating takes place.
With this value of power input, the output
will be from 8 to 10 watts.

A Push-Pull HY-75 Oscillator. The un-
usual parallel-rod push-pull oscillator shown
in figure 11 and diagrammed in figure 12 has
proven to be quite a satisfactory source of
power for experiments in the 224- to 230-Me.
amateur band. A parallel-rod line is used as
the frequeney controlling element and a small
self-tuned coil is used in the plate ecireuit.

HY75
- —Q
[ - ANT,
~ Q
@)
+ 300 V.
Figure 10.
SCHEMATIC OF THE HY-75 224-MC.
OSCILLATOR.

The grid leak R should have a resistance of about
3000 ohms for normal use. The grid condenser
should have a value of .00005 x«fd.
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Figure 11,
PUSH-PULL 224-MC. HY-75 OSCILLATOR.

The resonant line is made up of two 73 inch,
thin-wall copper pipes spaced 73 inch, 914
inches long overall, and connected together
both at the top and bottom to act as a half-
wave line instead of the more common guarter-
wave arrangement. The base for the line is
a piece of 20-gauge sheet copper 134" by 4”
which is mounted above the 94" by 5” by
114’ chassis by means of one-half inch stand-
off insulators.

The capacity to chassis of the copper base
plate acts as a by-pass for the center of the
parallel-rod line. - The copper plate can be
proven to be acting normally as a by-pass
since its center will be quite cold to r.f. One
of the standoffs whieh supports the eopper
plate is of the feedthrough type and has the
grid leak connected between its lower end and
the grounded side of the filaments of the tubes.

The power output of the oscillator as shown
is 20 to 25 watts with 450 volts on the plates
of the tubes. The plate efficiency is approx-
imately 40 per cent with the half-wave line
in the grid circuit as shown. The plate effi-
ciency was somewhat less than this until the
original quarter-wave grid line was replaced
with the capacity-shortened (grid-to-ground
capacity) half-wave line,

Ly Lz

HY75’s

r
-_
1

CAPACITY

CHASSIS =

Figure 12.

SEMI-SCHEMATIC OF THE PUSH-PULL 224-
MC. OSCILLATOR.

C:—.003-xfd. midget mica  L-—2 turns 5&” dia., 1”

R:—5000 ohms, 10 watts long
L.—Half-wave parailel-rod  RFC—®6 turns hookup wire,
line 13” dia.

50-Watt 225-Mc. 829 M.O.P.A. Transmit-
ter. Figures 13 and 14 illustrate a very in-
teresting 225-Me. transmitter of quite re-
spectable power handling capabilities. This
transmitter is particularly interesting in the
fact that it is an oscillator-amplifier affair in-
stead of being merely an oscillator as are most
transmitters for this high a frequency. The
fact that the final stage is an amplifier indi-
cates that it is quite possible to double down
to a frequency as high as 225 Me. for erystal
controlled or frequency modulation transmis-
sion and still be able to find an arrangement
which will be capable of operating as an
amplifier at this extremely high frequency.
As a matter of fact, the 829 amplifier stage
operates with a plate efficiency of about 60
per cent when fully loaded, and requires a
driving power of less than five watts actual
output from the preceding stage.

The 829 tube itself is particularly designed
for operation as an r.f. amplifier for fre-
quencies above 50 Mec. It consists of a pair
of beam tetrodes with a total plate dissipation
of 40 watts mounted inside an envelope in
which lead length has been made a primary
consideration. The tube has no base, the
terminal leads for the tube elements being
brought out to tungsten rods which extend
through the glass bottom plate of the envelope.

The socket for this tube is also very interest-
ing and it, in addition, is particularly de-
signed for u.h.f. use. The photographs give
a good general idea of its construction: all
the leads which are normally cold, heaters,
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Figure 13.
TOP VIEW OF THE 829
M.0.P.A. 225-MC. TRANS-
MITTER.

cathode, and screens, are brought out through
large terminal clips which have built-in mica
by-pass capacitors. Then, the grid leads to
the two elements within the envelope are
brought out to a separate myealex arbor which
is supported away from the base of the socket
by means of small ceramic pillars.

The general layout of the HY-75 oseillator
which is used as the exciter for the 829 can
be seen in the top view photograph. The
oscillator circuit is an ultra-audion, with a
combination resonant line and ecoil in the
plate eircuit. The lead from the plate ex-
tends about 114" and the lead from the grid
condenser about 14" and then they are crossed
over to form a one-turn coil. Another one-
turn coil is interwound with this and eon-
nected to the two grid terminals on the 829
socket. The schematic diagram, figure 15,
gives a general idea of the arrangement of
these two ecircuits but it does not indieate
graphically the fact that the two one-turn
coils are interwound—at least in as much of
a manner as two one-turn coils can be inter-
wound. ‘

If desired, the frequency of the HY-75
oscillator may be controlled by a quarter-
wave concentric line, in the same general
fashion as the frequency of the 75T 112-Me.
oscillator is controlled. The grid of the HY-
75 should be tapped up a short distanee from
the bottom of the capacity loaded line, and
the plate return made to the side of the line
in the same manner as the 75T oscillator de-

seribed previously. An alternative arrange-
ment would be to use the HY-75 as a fre-
quency doubler from the 112-Me. band for
erystal controlled or FM transmission. The
plate and grid circuits of the 829 amplifier
would be the same as shown, and the plate
tank of the HY-75 would be returned to
ground with the 112-Me. excitation fed to the
grid.

The normal plate voltage of the 829 is 400
volts, the screen voltage is 200 volts, and the
grid bias should be 35 to 45 volts. The grid
current of the 829 as shown is about 8 to 9
ma, through a 4000-ohm grid leak. The
amplifier operates very satisfactorily with a

Figure 14,
BOTTOM VIEW OF THE 829 TRANSMITTER,
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HY75

C1—.00005-fd.
mica
C>—.0005 - u#fd. midget

Ri—7500 ohms, 1 watt
R=—4000 ohms, 1 watt dia.

Figure 15,

SCHEMATIC OF THE HY-75, 829 224-MC.
TRANSMITTER.

midget  R;—7500 ohms, 10 watts
RFCy—Midget u.h.f. choke
RFC,—12 t. hookup wire,
mica 1a” dia.

RFC:—15 t. no. 14, 15"

Coils and lines—See text

plate current of 200 ma., and the plate current )

may be run as high as 240 ma. if the full
rating of the tube is to be used. The output
at 200 ma. plate current (400 plate volts) is
about 40 watts; at 240 ma. plate current it is
about 50 watts.

The total length of the no. 10 bare wire
tank ecircuit is 414’ from the plate seals
of the tube to the end of the hairpin. The
spacing between wires is 15 for about 37
until the wires spread out to make soldered
connection to the plate elips of the 829. The
actual plate clips are small hard copper spring
clips of the type supplied with HK24 tubes to
make the plate eonnection to them. The plate
line is resonated to the frequency of the os-
cillator by sliding the line back and forth on
the tungsten rods that come out of the 829
envelope as the plate connections, The type
of plate clips shown are particularly suited
to this application sinee they slide back and
forth comparatively freely on the plate lead
rods.

CRYSTAL-CONTROLLED U.HF.
TRANSMITTERS

Crystal eontrol provides the same ad-
vantages of excellent frequency stability and
reliability on the u.h.f. bands that it does on
the lower frequencies. However, due to the rel-
atively greater difficulty of getting amplifier
and frequency multiplier stages into opera-
tion on the higher frequency bands, crystal
control is not widely used except in the case
of more elaborate transmitters. High-
frequency crystals bave made their appear-
ance on the market, but due to their inherent
instability, high temperature coefficient, and
lack of ruggedness, they have fallen into dis-
use, and, in fact, have been discontinued by
some manufacturers. Hence, for most
amateur work, the highest practical operating
frequeney for the erystal is 7300 ke. From
this comparatively low frequency a rather
large number of doublers are required to get
down to the uw.h.f. bands. However, through

Figure 16.

THREE - STAGE 20 - WATT
CRYSTAL - CONTROLLED
56-MC. EXCITER UNIT.

A 6L6 oscillator on 7 Mc. drives a
6L6G quadrupler, which in turn drives
a T21 doubler to 56 Mc. Power out-
put may be taken from any of the
three stages by lrpekans of a coupling
InK.
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Figure 17.
UNDER-CHASSIS VIEW OF THE 56-
MC. R.F. UNIT.

the use of beam tetrodes, it is possible to
obtain comparatively good operation from
triplers and quadruplers, thus simplifying
the frequency multiplication problem.

20-Watt Crystal Controlled 14, 28, 56 Mec.
Transmitter or Exciter. The crystal eon-
trolled 56 Me. r.f. unit illustrated in figures
16 and 17 and diagrammed in figure 18 uses
conventional circuits and low cost parts. With
but three stages and a 7-Me. erystal, it sup-
plies 20 husky watts of erystal controlled,
56-Mec. or 28-Mec. r.f. For phone operation
the output stage may be modulated by a 25-
watt modulator. As an exciter it has sufficient
output to drive a 56-Me. final stage to 200
watts input.

The chassis measures 12 x 7 x 2 inches. As
can be seen from the photographs, the tubes
are evenly spaced along the center of the
chassis. Bach plate coil is directly in front
of the tube with which it operates. The tank
condensers are mounted on the front lip of
the chassis directly below their respective
coils. Small jack type feed-through insula-
tors are used to support the plug in eoils and
at the same time to provide connections to the
condensers. Banana plugs on the coils allow
quick and easy band change,

Inasmueh as each tuned circuit is on a dif-
ferent frequenecy, placing the coils in line
along the front of the chassis does not have
any adverse effect on the operation of the unit.

Ci, Co—.01l-ufd. paper
Cs—75-uufd. midget J_
C—.005-ufd. mica
Cs—100-pufd. mica
Co—50-pufd. mica
Cr—50-pufd. midget
Cs—.001-xfd. mica
Ce—.002-ufd. mica
C1o, C1—.001-ufd. mica
Cir—15-pufd. midget,
double spaced

C15—.001-pfd. mica I 4
R113—-25,000 ohms, V2 watt = f

Figure 18.
SCHEMATIC OF THE 14-28-56 MC. R.F. UNIT.
6L6 Cs 6Lo Cs T21
— =7
RFC,
= " é% Js 4
X Rq Ci2
723 H 7“::7
L L2 La
L R L
TC4 Rs3 © -rCs ;r —-J]Jz Cn-r
= oD,

R—400 ohms, 10 watts
Rs—25,000 ohms, 10

watts
R—150,000 ohms, 2
watts
Rs—600 ohms, 10 watts watts
Re—30,000 ofims, 10 R+—100,000 ohms, 1

HEATERS 1 B
C13 AT T21 SOCKET l
6.3V ~( 500-550 V. @+

watt Ji, J—Closed-circuit jack
RFC—2.5-mh. r.f. chokes  Coils—see coil table
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Underneath the chassis, parts are placed
where convenience dictates. The T21 stage
has all its ground return eonnections made to
the feed-through insulator which is at the
cold end of the plate tank. While this does
not enhance the appearance of the unit, it
aids in eliminating coupling in the various
ground return ecircuits.

Two feed-through insulators at the rear of
the chassis are provided for the connections
from the modulator. If the unit is used as an
exciter or e.w. transmitter, these terminals
are simply shorted together.

The second 616 acts either as a doubler or
quadrupler, depending upon the crystal fre-
quency and desired T21 output frequency.
Thus with a 40 meter erystal, 10 or 5
meter output is obtainable from the T21.
With an 80 meter crystal, either 20 or 10
meter output is obtainable from the T21.

‘With the meter plugged in the cathode cir-
cuit of the T21 the total plate, screen and
grid current is shown. This gives a false
indication as to the plate current “dip” of the
stage, which is about 15 milliamperes lower
than the cathode current would indicate.

For optimum performance, the T21 stage
should be loaded to approximately 90 milli-
amperes. At this input, the output is ap-
proximately 20 watts.

No antenna coupling circuit has been pro-
vided as the type of coupling circuit will de-

COIL TABLE

All coils have small, banana type plugs spaced
21/ in. 80 and 40 m. coils are wound on bakelite
tubing: 20, 10 and 5 m. coils are self-supporting.

80 0SC.
37 turns no. 22 d.c.c. on 1 inch form.

40 0SC. OR DOUBLER
22 turns no. 22 d.c.c. on 1 inch form.

20 DOUBLER

13 turns no. 14 enam. 1 in. dia. spaced to
114 in.

20 FINAL
17 turns no. 14 enam. 11/ in. dia. spaced to
114 in.
10 QUADRUPLER
6 turns no. 14 enam. 1 in. dia. spaced to 1 in.

10 FINAL
8 turns no. 14 enam. 1 in. dia. spaced to 114 in.

5 FINAL
4 turns no. 14 enam. 7/ in. dia. spaced to 114
in.
Note: 40 meter coil serves either as osc. coil o
doubler coif.

pend upon the antenna used. Any of the
usual capaeitive, induetive or link-coupling
cireuits will be suitable, however. When used
as an exciter, the unit should be link coupled
to the next stage.

Medium Power 56-Mc. Amplifier. By
using tubes having close element spacing, yet
low interelectrode capacities, and a plate tank
condenser especially designed for u.h.f. serv-
ice, it is possible to construet a medium power
56-Me. amplifier that will exhibit good effi-
ciency without resorting to the use of parallel
rods in the plate ecircuit.

Such an amplifier is illustrated in figure
19. It utilizes a pair of HK24’s in push pull,
and the efficiency is as good as that obtained
with commonly used equipment on the 14-Me.
band. With proper coils, the amplifier could

. also be used on 28 and 14 Me., but as it was

expressly designed for 56 Me. work, the coils
are not of the plug in type. By fastening the
plate coil directly to the condenser stator lugs,
losses are minimized.

About 20 watts excitation are required, this
amount of excitation permitting approxi-
mately 175 watts input on phone or 225 watts
input on e.w. The T21 exciter of figure 18 is
ideally suited for use with this amplifier, the
excitation being sufficient so long as the cou-
pling link between exciter plate coil and am-
plifier grid eoil is not too long. The losses are
high at 56 Me. in a twisted pair line, even in
a good line. EO-1 eable makes the best cou-
pling line, and it should be not more than 18
inches long unless reserve excitation is avail-
able to compensate for the losses in the line.

A conventional, resistor-biased ecireunit is
used with ecirenit balance provided by a
grounded-rotor grid condenser. Plate volt-
age is fed to the center of the plate coil
through a u.h.f. choke. Since the cirenit is
balanced by grounding the rotor of the grid
condenser, it is possible to let the rotor of the
plate condenser “float,” thus increasing the
allowable plate voltage for a given condenser
spacing. No filament by-pass condensers are
used, as they were found to be unnecessary.
Mechanically, the amplifier differs somewhat
from the usual push-pull stage and the me-
chanieal layout will therefore be discussed in
greater detail.

Construction Details. An 11 x 7 x 2-inch
chassis allows ample room for all the com-
ponents except the filament transformer,
which is mounted externally.

The plate condenser is one designed for
u.h.f. use. The stator terminals are arranged
s0 as to allow an extremely compact neutral-
izing condenser assembly. This eondenser is
mounted on its side with the stator terminals
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Figure 19,
125-WATT 56-MC. AMPLIFIER.

Extreme simplicity characterizes this 56-Mc. amplifier stage.

The neutralizing condensers may be

seen between the tubes. All components with the exception of the grid resistor are above the chassis.

toward the tubes. Two angle brackets and
small standoff insulators serve to hold the con-
denser above the chassis. Mounting the con-
denser in this manner permits short plate
leads to the upper stator terminals. The plate
coil, 6 turns of no. 14 wire 114 inches in di-
ameter, is spaced so as to mount directly on
these upper terminals.

Two small dises of aluminum, 1 inch in
diameter and 1/16 inch thick; are used for the
movable plates of the neutralizing condensers.
Each of these plates has a flat-headed 6-32
serew through its center. The screws are held
in place by nuts on the back of the dises. The
heads are filed smooth with the surface of the
discs. The edges of the dises are rounded
with a fine-tooth file to prevent corona losses.

Two pieces of hollow rod, threaded with a
6-32 tap are mounted on the lower stator
terminals of the plate condenser. The serews
through the discs are screwed into these rods
and neutralizing adjustments are made by

running the serews in or out of the threaded
rods, thus changing the spacing between the
circular plates and the stationary plates,
which are simply small rectangular pieces of
aluminum mounted on standoff insulators.

The grid coil is 6 turns of no. 14 enamelled
wire 114 inches in diameter and 114 inches
long. This condenser tunes with its plates
about one-third meshed. Both ends of the
rotor are grounded for the sake of symmetry.

The amplifier should not be operated for
any length of time with the load removed, as
the heavy r.f. field within the plate coil will
heat and melt the soldered connection at its
center. With the tank cireuit loaded how-
ever, no trouble of this kind will be experi-
enced.

By slightly exceeding the plate voltage rat-
ing and operating the two tubes at 1750 volts,
an output of slightly over 200 watts is ob-
tained from the amplifier at the normal plate
current of 150 ma. for the two tubes. For
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Figure 20.

125-WATT HK-24 U.H.F. AMPLIFIER

Cr—30-nufd, per section cuit jacks

midget T—Filament transformer,
Co—35-uufd. per section, 63v,6a

4500-volt spacing NC—See text

R;—3000 ohms, 10 watts

L1, Lo—See text
g, Jo—Single closed cir-

RFC—U.h.f. choke

modulated operafion, the plate voltage should
be lowered to 1250 volts, however. Two jacks,
J; and J,, are provided for reading the grid
and plate eurrent. A one-turn link is used
between the amplifier and the exciter and the
grid cuwrrent is adjusted to 50 milliamperes
under load by varying the coupling.
250-Watt Linear Tank Amplifier. By
cross neutralizing a push-pull linear tank
wh.f. oscillator, a highly efficient wh.f. am-
plifier results. Linear tanks are advanta-
geous in power amplifiers not for reasons of
frequency stability, but to provide an inex-
pensive, highly efficient tank circuit having
high impedance and low losses. For this
reason a linear tank is ordinarily used only
in the plate cireuit of an amplifier, a grid coil
being satisfactory for the grid tank when very
high Q is not required for the sake of stability.

The 56-Me. amplifier of figures 21 and 22
will deliver over 250 watts with good ef-
ficiency, and requires approximately 35 watts
excitation. The excitation may be furnished
by a stabilized push-pull HK-24 linear tank
oscillator using parallel rods in the grid ecir-
cuit with the grid connections made one
quarter of the way up from the voltage node.
Or it may be furnished by an HK-24 or HK-54
doubler tube being fed from 28-Me. excitation
either as a erystal controlled amplifier or as
an amplifier for an FM transmitter.

It will be noticed that the rods not only
are bent back upon themselves, but that the
spacing between the two rods is not uniform.
This has no detrimental effect upon the ef-

ficieney of the tank, and permits a compact
arrangement. The rods are of half-inch
aluminum tubing, each slightly. over three
feet long, and bent and mounted as shown
in figure 22. The position of the shorting bar
is adjustable, and the tank is resonated by
sliding the bar along the rods with a piece of
dry wood until minimum plate eurrent is ob-
tained. The shorting bar is then clamped
firmly by tightening the screw.

The husky, four-inch ceramic pillars which
support the rods also support two of the small
aluminum plates used for neutralizing.

The grid coil consists of 6 turns of no. 14
wire, 1 inch in diameter and spaced to 11}
inch. The coil is soldered direetly to the
stator terminals of the grid condenser.

The plate choke econsists of 50 turns of no.
20 d.c.e. close wound on a ceramic pillar in-
sulator 14 inch in diameter. Very little r.f.
voltage appears at the shorting bar, and the
choke has little work to do; however it is ad-
visable to ineorporate it in order to insure
proper cireuit balance.

About 350 watts output may be obtained by
raising the plate voltage to 1750 volts. The
value of grid resistor should be increased
about 50 per cent and greater excitation power
will be required. At this plate voltage it is
necessary to keep the tubes loaded evenly and
the tank circuit in exaet resonance. If the
higher value of plate voltage is used, it is
advisable first to tune up at reduced voltage.

FREQUENCY MODULATION
TRANSMITTERS

Frequency modulation or FM transmission
is destined to be one of the major uses of the
ultra-high frequency bands. The u.h.f. bands
are wide enough so that the wide band of fre-
quencies required for FM are amply con-
tained. In addition, a practically infinitesi-
mal amount of modulating power is required
to modulate an FM transmitter, regardless of
its power output, and, a last advantage, fre-
quency multipliers, or class C or class B
amplifiers may carry FM r.f. since the ampli-
tude of an FM signal is constant. However,
a complete explanation of the theory and
practice of M has been given in Chapter
Nine, so this seetion will be devoted entirely
to the description of equipment designed for
FM transmission.

FM transmission is permissible on all ama-
teur frequencies above 58,500 ke. ; that is, it is
permitted from 58.5 to 60 Me., 112 to 116 Me.,
224 to 230 Me., and above 300 Mc. The equip-
ment to be described is designed for opera-
tion on the 112-Me. band, but it can just as
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L2
®)
oneny BV AC 0V, “—DANGER! HIGH VOLTAGE
Figure 21.
SCHEMATIC OF HK-54 LINEAR TANK
AMPLIFIER.

C:—30-sufd. per section,
double-spaced midget

C2—.002-ufd. mica M:—0-100 ma. d.c.

L1, L—See text Mz—0-500 ma. d.c.

R—3000 ohms, 25 watts if T—5 v. 10 amp. fil. trans,

no fixed bias; 2000 chms
if 45 v. fixed bias.

easily be operated on any other frequency as-
signed to FM transmission simply by chang-
ing the frequency of operation of the various
frequency multipliers and then using a final
amplifier on the desired band.

75-Watt 112-Mc. FM Transmitter

This transmitter consists of two umits, ex-
clusive of power supplies, the exciter which
ends up in a HK-24 doubler to 38 Me., and
the final stage which uses a pair of HK-54’s
as a push-pull tripler to 114 Me.

Exciter Lineup. The use of a power
push-pull tripler as the output stage of the
transmitter required that the exciter end up
with a stage operating on 38 Me. for an out-
put frequency of 114 Me. There are a large
number of oscillator frequencies which in con-
junction with various combinations with
doublers, triplers, or quadruplers will yield
the desired output frequency. However, since
it was desired to use an HK-24 as a doubler
in the output stage of the exciter and thus do
away with neutralizing worries, the excitation
requirements seemed to call for two doubler
stages between the oscillator and the exciter
output stage.

The original design of the exciter called for
6L6’s in the doubler stages. The 6L6’s looked
all out of proportion driving the diminutive
HK-24, however, so 6F6’s were substituted to
“see what would happen.” Nothing happened
except that the tube cost went down con-
siderably—the output as indicated by the
grid current to the HK-24 remained the same.

Figure 22,
FOLDED LINEAR TANK 56-MC. 250-
WATT AMPLIFIER.
An inexpensive yet compact and highly efficient
tank circuit for this HK54 amplifier is had by
folding back on itself a quarter-wave stub made
~ of half-inch aluminum tubing.

The Frequency Modulated Oscillator.
The oscillator is also a 6F6. It is arranged
as a conventional e.c.o. with impedance cou-
pling to the following stage. Omitted from the
diagram is a 25,000-ohm, 2-watt series drop-
ping resistor to the oscillator sereen. The out-
put obtained across the plate r.f. choke is not
great, but it is sufficient to excite the following
doubler to full output. A moderate amount
of eapacity across the oscillator tank coil is
provided by a 75-uufd. midget variable in
parallel with a 100-gufd. zero temperature
coefficient ceramic condenser. With the coil
specified in the diagram caption the capacity
required to hit 4750 ke. in the oscillator is
about 160 pufd., 100 pupfd. of this being
supplied by the fixed condenser, of course.

The two doubler stages following the os-
cillator are quite conventional. The two
stages are identical with the exception of tank



