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Introduction

THIS is the fourth edition of Frank C. Jones’ work on ultra-high-fre-
quency radio communication. Three previous editions sold readily; almost
100,000 copies were absorbed by amateurs and experimenters who found
fascination in the 5-meter band.

This, the fourth edition, comes to vou under a new title: “Jones Ultra-
High-Frequency Handbook.” It is no longer the "5-Meter Radiotelephony”
book of old, because the newer printing covers a wider scope than the
S-meter band alone. Micro-Waves are treated in elaborate detail in this
new edition and a number of excellent receivers, transmitters and trans-
ceivers are described.

The newer and better 5-meter equipment is designed to operate with
the latest type tubes. Transceivers still find their place in these pages
because they are being used in increasing numbers in localities where
they do not interfere with other 5-meter transmissions and receptions. Then,
too, the interest in S-meters in foreign countries is growing by leaps and
bounds, and the popular Jones transceivers are in use in practically every
civilized country in the world. For this reason the author has seen fit to
design a better group of transceivers for those who must use equipment of
this type. The American amateur can take his choice from o number of
excellent transmitter-receiver combinations which are herein described.
Good sportsmanship demands that transceivers be operated only in non-
congested areas.

Jones and S-meter communication are synomymous. Construction of
the gigantic San Francisco-Oakland Bay Bridge was aided by Jones-
designed u.h.f. equipment which was in continuous service for a number
of years. Other commercial services have also chosen the reliable Jones
circuits for use in transmitters and receivers.

Thus the reader of this book is assured that the equipment herein de-
scribed is not of an experimental nature; it has been tried and proven in
actual use, not alone for amateur work but also for police, marine, airways
and home-station service.

More powerful and more elaborate transmitters than those discussed
in these pages are shown in a new Jones book which will be ready for
distribution early in February, 1937. Its title is "'Amateur Radiotelephony”,
and it covers all types of phone equipment for operation in any band
from 160 to 5 meters. Likewise, the experimenter may enhance his knowl-
edge of general amateur and allied radio subjects by procuring a copy
of the 1937 edition of “Jones Radio Handbook” and its companion work:
“Supplement To Jones Radio Handbook,” which is included with the pur-
chase price of the Handbook proper.

—The Publisher,



ULTRA-HIGH-FREQUENCY
COMMUNICATION

® The portion of the short-wave radio spec-
trum that lies below 10 meters is commonly
referred to as the Ultra-High-Frequency
range. Beginning with the amateur band
of 10 meters, and continuing down the spec-
trum in wavelength (upward in frequency),
the following radio services are in operation :

7 to 9 meters, approximately, Police and

Experimental.

to 8 meters, approximately, Television and

Experimental.

5 meters, Amateur.

4 to 5 meters, approximately, Tclevision.

3 meters, Aircraft Beacons For Landing
Services and Facsimile Systems.

215 Meters, Amateur.

From 214 meters to 1 meter, Experimental
and Remote Pick-up with the exception
of the 114 meter band which is for Ama-
tcurs.

1 meter to 1 centimeter (0.1 meter), Ex-
perimental Micro-Wave Region.

The ultra-high-frequency amateur bands
are in harmonic relation with one another,
i.e.. the harmonic frequencies fall in suc-
ceeding bands, such as 10, 5, 2}2 and 1%
meters. These wavelengths correspond to
frequencies of 30, 60, 120 and 240 mega-
cycles, respectively. A megacycle is 1,000,-
000 cycles; it is simply another term that
expresses operating frequency.

The speed of light is approximately 300
million meters per second (approximately
186,000 miles per second), and in order to
show the relation between the frequency and
wavelength of radio waves the following
formulas are given:

)

300,000,000
b
300,000,000

¥

or A =

Where F is the frequency in cycles per second.
N\ is the wavelength in meters.

The micro-waves extend into the region of
heat-wavelengths, thence into wavelengths
of light. Light waves are extremely short
but there are other wavelengths still shorter,
such as X-rays, Gamma-rays and Cosmic-
rays.

A radio transmitter sends a wave into
space; the required band width for each
type oi transt@er varies with the type of
service. Som® services, such as television,
require an extremely wide band, and thus the
actual number of channels available between
1 and 10 meters is not as great as would be
indicated by the tremendous range of fre-
quencies involved. A very large number of
stations can be accommodated in the ultra-
high-frequency spectrum. The theoretical
number of available frequencies between 1
and 10 meters exceeds the range of the com-
hined total of all short-wave, broadcast and
long-wave services.

Radio experiments were first conducted
hefore the close of the last century on the
ultra-high-frequencies by Hertz, and others.
Most of the practical developments, how-
ever, were contributed within the last ten
vears.

Ultra High-Frequency Phenomena

® Very short radio waves behave more like
light waves, whereas longer radio waves
are reflected back to earth by the Heawiside
Layer. The direct or ground waves travel
in optical paths. The wavelength, however,
is thousands of times greater than that of
light. resulting in a greater curvature of the
paths of the waves. For this reason the
range is greater than that which can be ob-
tained by means of light rays, and signals
can be received from points somewhat
beyond the horizon. The range of transmis-
sion is governed by the height of the trans-
mitting and receiving antennas.  Objects
that lie in the path between transmitting and
receiving antennas introduce a “shadow
effect” which often prevents reception of the
transmitted signal.  Objects such as hills,
bhuildings, and even individual trees will often
reflect or attenuate the radio wave. This
shadow effect can be overcome to some ex-
tent by using greater power in the transmitter
in order to produce a proportionately greater
field strength at the receiving antenna. Long-
distance communication is extremely erratic;
occasionally the radio waves between 5 and
10 meters are reflected back to earth by the
Heaviside Layer with the result that they are
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sometimes received over great distances.
This effect depends upon the degree of
ionization in the Heaviside Layer, which
varies with the season of year, time of day,
and also seems to depend on sunspot activity.
At distances somewhat beyond the horizon,
transmission and reception is often erratic
becausc the atmosphere changes its degree
of temperature in layers close to the earth,
which in turn may change the degree of
refraction of these ultra-short radio waves.
Refraction bends the radio wave into a curve
along the earth’s circumference, and there-
fore increases the range of the radio wave
beyond the optical distance.

Remarkably little power is required and
for communication over a range of only a
few miles of free space, a transceiver out-
put of less than one watt will provide very
satisfactory results.

Technical Considerations

® A simple ultra-high-frequency receiver
circuit is shown in Fig. 1. It is similar to
longer-wave receiver circuits, the only
change being in the physical size of the
components, such as the antenna, tuning coil
and condenser, and the degree of regenera-
tion.  Another important factor in ultra-
high-frequency receiver design is the length
of the connecting leads in all radio-frequency
circuits : these leads must be very short.

FIG. 1.

Fundamental U. H. F. Receiver Circuit.

Various forms of regenerative, super-re-
generative and superheterodyne circuits are
used for receiving. Fig. 1 can be operated
in either a regenerative or super-regenera-
tive condition, depending upon the applied
plate voltage and the value of the grid-leak
resistor R1.

Super-regeneration is regeneration car-
ried beyond the point of oscillation without
distortion to the received signal; this is ac-
complished by alowing the detector to oscil-
late, then damping-out the oscillation a
great many times per second at a rate above
audibility.  Super-regeneration is a great
deal more sensitive for weak signal recep-
tion. and becomes extremely effective in the
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ultra-short-wave range. The quenching or
damping effect can be accomplished either
by a blocking grid-leak action or by means
of separate low-frequency oscillation applied
to grid or plate voltage of the detector. The
circuit in Fig. 1 can be used as a blocking
grid-leak type of super-regenerator by choos-
ing the values of €3, K1 and CI in such a
manner that radio-frequency oscillation is
started and stopped at a rate above audi-
bility. This circuit functions as an ordinary
oscillator in which the resistance of the
grid-leak is too high to permit the electrons
on the grid to leak off at a rate that gives
a constant value of grid-bias voltage. This
blocking action causes a change in the aver-
age bias and stops the oscillation, because
the plate current is decreased and the mutual
conductance of the tube also decreases. If
the circuit constants are correct, the block-
ing action takes place at an inaudible rate
and super-regeneration is accomplished.
Another form of damping or quenching
makes use of a separate oscillator function-
ing at approximately 100,000 cycles per
second to control the ultra-high-frequency
oscillation.  The circuit is shown in Fig. 2.

L DETECTOR

INTERRUPTION
FREQUENCY
OSCILLATOR

\’?.. INTERRUPTION

Ce FREQUINGY COILS

/
+8 ¥
FIG. 2.
U. H. F. Receiver Circuit with Separate
Oscillator.

The low-frequency oscillator voltage is
coupled into the detector plate circuit. In
this case, the interruption frequency varies
the detector plate voltage to such an extent
that the detector tube goes in and out of
oscillation at a rate determined by the low-



Super-Regeneration

frequency oscillator. The circuit is similar
to that of Heising Plate Modulation, as used
in radio transmitters.

In either circuit, fairly heavy antenna
loading is needed in order to obtain good
quality and sensitivity ; the antenna coupling
can be varied by means of the coupling con-
denser C1 in Figs. 1 and 2, or by means of
variable inductive coupling between the an-
tenna and detector tuned circuit. Too much
antenna coupling will tend to pull the de-
tector out of super-regencration.

Super-regeneration has a very distinct ad-
vantage : it provides high sensitivity to weak
signals, and low sensitivity to strong signals.
This automatic volume control action greatly
reduces automobile ignition interference be-
cause this kind of signal is of very short
duration. The detector sensitivity auto-
matically drops down during the small frac-
tion of a second in which this impulse is
present, and although the desired signal is
also reduced the human ear will not respond
to changes of such short duration. The igni-
tion interference in this way does not cause
an excessively loud signal in the audio
amplifier output as compared with the
strength of the received phone signal
Super-regeneration also provides very high
sensitivity in relatively simple circuits. The
hiss, or rushing sound, audible in the out-
put of a super-regenerative recciver, is due
to thermal and contact circuit noise. The
detector is in an extremely sensitive operat-
ing condition when no signal is present, thus
the noise is greatly amplified and made
audible in the loud-speaker or head-set. A
carrier signal automatically reduces the
sensitivity and consequently decreases the
background noise or hiss. A strong signal
will completely eliminate the background
noise, ’

Unlike ordinary regeneration, super-re-
generation always broadens the tuning.
Super-regenerative detectors radiate a signal
fully modulated by the quenching frequency.
This signal will cause bad interference in
other receivers within a radius of several
niiles. The blocking grid-leak detector is
more troublesome in this respect and a RF
amplifier should be placed betwen the an-
tenna and any super-regenerative detector
in order to minimize radiation. The RF
amplifier will also provide some increase in
sensitivity.

Receivers designed for 5-meter operation
are generally of the super-regenerative or
super-heterodyne type.  Regenerative or
super-heterodyne circuits are more desirable
for 10 meter reception because this band is
used for both telegraph and phone. In the
micro-wave range, below %% meter, super-
regeneration is difficult to obtain and Bark-
hausen-Kurz  oscillator circuits are more

suitable. The circuits are covered else-
where in these pages.

Transmitters

@ For short range portable operation, self-
excited modulated oscillators are widely
used. The circuit in Fig. 3 is a typical ex-
ample of a transceiver and low-power trans-
mitter.

L C2 OSCILLATOR
: TUBE

Tc‘ R‘ i

nrc

CHTAACL) MINE OF SPEECH

o AMPLITIER
MODULATION CHORE

TRANSFORMER

FIG. 3.
Self-Excited Modulated Oscillator.

The radio-frequency circuit is quite similar
to that used for receiving, shown in Fig. 1,
except that the value of grid-leak RI is so
low that no blocking effect takes place and
stable oscillation is maintained. The modu-
lator supplies an audio-frequency voltage
which varies the effective plate voltage of
the oscillator tube, resulting in a modulated
carrier signal.

In the micro-wave region below 1 meter,
regenerative oscillators with Acorn tubes
are suitable for operation down to approxi-
mately 40 centimeters. Barkhausen-Kurz or
Gill-Morrel electronic oscillators are often
used below 1 meter. Magneiron oscillators
also provide a means of obtaining RF out-
put down to a few centimeters in wave-
length.

Crystal controlled transmitters  give
greater stability than any other form in the
range between 3 and 10 meters, but at the
disadvantage of requiring more tubes and
equipment. Resonant line oscillators have
fairly good frequency stability, consistent
with economy, and they are very popular
for ultra-high-frequency transmission.

Modulated oscillators with tuning coils
and condensers are suitable for portable op-
eration because of their compactness but
these oscillators are subject to excessive
frequency modulation. This effect is detri-
mental to audio quality and causes the trans-
mitted signal to spread out over a band of
frequencies several times as wide as nor-
mally required for transmission of intelli-
gence.
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Transmitters for portable operation can
operate successfully with power outputs of
one watt or less. Those ior mobile opera-
tion should have an output of from 5 to 10
watts; fixed amateur stations require power
outputs varying from 5 to 30 watts. Ex-
perimental and commercial stations require
higher outputs; several hundred watts will
provide general coverage over a radius of
25 or 30 miles.

Antennas and Transmission Lines

® Point-to-point communication is most
sconomically accomplished by means of di-
rectional antennas which confine the radiated
fields to a narrow beam in the desired direc-
tion. If the power is concentrated into a
narrow beam, the apparent power of the
transmitter, or the sensitivity of the receiver,
is increased a great many times. For gen-
eral coverage in all directions the half wave
vertical antenna is almost universally used.
A vertical antenna transmits a wave of low
angle radiation parallel to the surface of the
earth and is therefore especially satisfactory
for ultra-short-wave operation. Horizontal
antennas are more directional in two direc-
tions, but they waste a great deal of the
radiation in an upward direction. The radia-
tion in a direction parallel to the earth is
the only portion that is useful. The radia-
tion from a horizontal antenna is horizont-
ally polarized, thus it is best received on a
horizontal antenna.  Vertically polarized
radio waves are not as easily reflected up-
ward by the surface of the earth as are
horizontally polarized waves.

The antenna system for either transmitting
or receiving should be as high as possible
above the earth and nearby objects. The
physical size of half wave antennas is small,
thus an effective system of supplying power
from the transmitter to the radiator must
he provided. The same holds true for re-
ceiving. Transmission lines serve this pur-
pose: they consist of twisted-pair wires,
spaced wires, concentric lines or single wire
feeders,  Two-wire spaced feeders, such as
two No. 14 or 16 gauge copper wires spaced
2 to 4 inches apart, have the lowest losses.
Concentric line feeders have lower losses
than twisted-pair lines and they are nearly
as cfficient as spaced feeders. = Single-wire
feeders are not much more efficient than
tuned feeders, such as those used with Zepp.
antennas. Tuned feeders are only desirahle
for very short transmission lines.

Circuit Design

® Rigidity and compactness, with very high-
quality insulation and correct arrangement of
parts are essential in ultra-high-frequency
equipment design.  Ceramic materials or
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their equivalent should be used for sockets.
condenser insulation, coil supports and
stand-off insulators.  All parts should be
rigidly mounted so that no frequency varia-
tion will result from vibration. All radio-
frequency wiring should be very short and
direct, well soldered with non-corrosive
solder. Pastes and acids must he avoided,
as well as excessive amounts of rosin on
the joint to be soldered. Tuning condensers
must be remote from metal panels, and con-
trol shafts should extend to control dials by
means of bakelite extension shafts. Slight
changes in physical design often change the
value of resistors and condensers for satis-
factory operation in both transmitters and
receivers,

Wavelength and Frequency
Determination

Lecher Wires

® The wavelength of an ultra-high-frequency
receiver or transmitter can be measured by
means of parallel wires (Lecher Wire Sys-
fems), by wavemeters or by means of har-
monics from calibrated low-frequency oscil-
lators.

Lecher Wire easuring systems are
shown in Figs. 4 and 5. They are suitable
for wavelength measurements over the entire
ultra-high-frequency range. An accuracy
of approximately 1% can bhe expected; for
more accurate frequency or wavelength de-
termination the harmonic method should be
used to supplement these measurements. A
Lecher wire system consists of two parallel
wires coupled to the transmitter or receiver
by means of a closed loop or pickup coil. as
shown by the Qscillator Coil in Fig. 3.

MOVABLE SAR3 oR
COPPER wIRES

N
d

N\

N | |
\)

o % oisTaNCE of

v
FiCHUP  LOOP

LECHER WIRE

FIG. 4.

SYSTEM

Standing waves of voltage and current will
occur along the parallel line, and these
standing waves can be located with a sliding
bar or copper wire, as shown in Fig. 5.

The parallel line can be constructed of
bare copper wire, spaced about three inches
apart. The length of each wire will depend
upon the wavelength being measured, such
as 335 or 40 feet for 5 and 10 meter measure-
ments, 17 to 20 feet for 2'4% meters, or 5 to
7 feet for wavelengths below 1 meter.
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SPRING
CLIPS

BAKELITE
STRiPS
STRING

FIG. 5—Lecher Wire Measuring System.

When these wires are coupled to the oscil-
lator, standing waves are produced in the
wire, and the distances between points of
maximum current are equal to half wave-
lengths. The oscillator should have an indi-
cating device, such as a DC milliammeter in
either its grid or plate circuit. When the
wavelength of a receiver is being measured, a
variation in super-regeneration or oscillation
intensity will be audibly heard in the output
of the receiver. Another indicator for trans-
mitter measurements consists of a small turn
of wire and a 6-volt flashlight globe, or a RF
thermo-galvanometer coupled to the closed
end of the Lecher Wire system. A deflec-
tion in plate current, or dimming of the
lamp, will be noticed when the shorting link
is across some half wave point on the par-
allel wires. The exact wavclength of the
oscillating circuit is found by sliding the
shorting link betwen the first and second
points of indication, making note of the
points, then measuring the distance with a
scale or tape measure. To obtain the wave-
fength in meters, this distance must be con-
verted from feet into meters by multiplying
the number of feet by 0.656, or the number
of inches by 0.0347. This factor takes into
consideration the half wave points when con-
verting the results into actual wavelength.

Wavemeters

® Iccher Wire systems are bulky and con-
siderable time is consumed in making the
desired measurcments.  \Wavemeters  are
more convenient and easy to construct. A
simple absorption wavemeter, having a
range of between 4.7 and 7 meters, consists
of a 25 mmid. midget variable condenser
parallcled with a 3-30 mmid. semi-fixed con-
denser of the “padder” type, and a coil
wound with 3 turns of No. 10 wire in a
winding space of one-inch, a half-inch in
diameter, self-supported.

Another form of absorption wavemeter,
having a range of from 4 to 14 meters, can
be made from a 150 mmfd. variable con-
denser connected across a 2-turn coil of No.
10 wire, 2-inches in diameter. See Fig. 6.

The coil should be supported on bakelite
spacers. A neon lamp or vacuum-tube diode
can be shunted across the circuit for indi-
cating resonance. In the design of any
wavemeter, the entire circuit should be
rigidly constructed. Hand-capacity effects
can be eliminated by tuning the condenser
with an extension handle of wood or bakelite.

I EXTINSION MANDLE

2 PLATE VARIASLE CONOENIER

SMALL MICA
cONOENIER
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scHEmATIC

WOODEN MANDLL

FIG. 6.

For 2'4 meter measurements, a one-turn
coil of heavy wire, approximately 1-inch in
diameter, and shunted with a 15 mmid.
midget variable condenser, will serve as an
absorption wavemeter.

The wavemeter can be calibrated over the
tuning condenser scale by coupling the coil
to an oscillator circuit; the oscillator wave-
length can be varied and its frequency de-
termined by Lecher Wires. When the wave-
meter is tuned to resonance, the oscillator
milliammeter or RF indicator will provide an
indication. After the wavemeter has been
calibrated, it can always be used for meas-
uring the wavelength of oscillating receivers
and transmitters.

OEPENDS UPON FAEQUENCY RANGE

PHONE  JACK

WAVEMETER WITH DIODE INDICATOR

FIG. 7.

Fig. 7 shows a wavemeter that is quite
sensitive in the region of 3 to 10 meters. A
type 30 tube with a single 172 volt flash-
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light cell serves as a diode to rectify the
radio-frequency. A 0-1 d-c milliammeter is
the resonance indicator. A closed-circuit
telephone jack enables this wavemeter to be
used as a monitor for checking phone quality
and over-modulation.

5-Meter Field Strength Meters

® liecld strength meters give an indication
of the power in a transmitter antenna. The
circuit diagrams for two such devices are
shown in Figs. 8 and 9. The field strength
meter is placed in the vicinity of the trans-
mitter antenna and maximum indication of
the instrument denotes maximum antenna
power. Field strength meters should be
housed in completely shielded metal cans.
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FIG. 8
S-Meter Field Strength Meter. The Two
Antenna Wires Are Each 3 to 4 #t. Long.
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FIG. 9
Field Strength Meter with Diode Tube.

Harmonic Frequency Determination

® The harmonics of a quartz crystal oscil-
lator provide an accurate means of frequency
determination. An oscillating crystal in the
160 meter or broadcast band will produce
strong harmonics in the ultra-high-frequency
region between 2 and 10 meters. A super-
regenerative receiver, when tuned to this
region while loosely coupled to the oscil-
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lator, will indicate the harmonics by sharp
reductions in hiss level in the receiver ont-
put. An oscillating regenerative receiver
can be tuned to zero-beat with these har-
monics, and then to the ultra-high-frequency
transmitter for accurate frequency determi-
nation. An absorption wavemeter is a
necessary adjunct for approximate wave-
length measurements in order to make cer-
tain that operation is secured from the de-
sired harmonic.

Micro-Waves

® Micro-waves, as previously related, are
those whose length is less than one meter.
Micro-waves are generated by means of
Magnetrons, Electron-Orbit Oscillators, and
Regencrative Oscillators. Micro-waves are
used by broadcast stations for remote pickup,
by amateurs and experimenters, and for oc-
casional telegraph and telephone communica-
tion, such as the British Channel spanning
system. The technical problems of this field
are numerous, yet new tubes designed for
micro-waves have been instrumental in in-
creasing the usefulness of the band.

The Magnetron Oscillator

® The Magnetron is a specially designed
tube for very-short-wave operation. It con-
sists of a filament or cathode bhetween a
split plate, as shown in Fig. 10.

rigee
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-8 100V ~DC “ 5-BAMPS +8

SPLIT MAGNETRON OSCILLATOR
FIG. 10

A magnetic field is produced at the fila-
ment by means of a large external field coil
which 1s energized by several hundred watts
of DC power. Ultra-high-frequency oscilla-
tions are produced in the split-plate circuit
when this magnetic field is in the correct
direction, and of the proper intensity. A
parallel wire tuned circuit can be used for
wavelengths below one meter, or for ordi-
nary tuned circuits with wavelengths above
one meter. These tubes are available for
experimental purposes and will produce out-
puts of several watts. The frequency sta-
bility is not very good and it is difficult to
obtain satisfactory voice modulation from
Magnetron Oscillators.



Regenerative U.H.F. Oscillators

Electron Orbit Oscillator

® The range of oscillation in ordinary cir-
cuits is limited by time required for elec-
trons to travel from cathode to anode. This
transit time is negligible at low frequencies,
but becomes an important factor below 5
meters. With ordinary tubes, oscillation
cannot be secured below 1 meter, but by
means of Electron Orbit Oscillators, in
which the grid is made positive and the
plate is kept at zero or slightly negative
potential, oscillation can be obtained on
wavelengths very much below 1 meter.
Parallel wire tuning circuits can be con-
nected to these tube oscillators in order to
increase the power output and efficiency.
The tubes most suitable for this type of
operation have cylindrical plates and grids,
and their output is limited by the amount of
power which can be dissipated by the grids.
For transmitting, tubes such as the 35T,
50T or 832 can be used in the circuit shown
in Fig. 11, which is a modification of the
Gill-Morrel Oscillator. More output is ob-
tained by using a tuned cathode, instead of
tuned grid, circuit. Modulation can be ap-
plied to cither the plate or grid. The fre-
quency stability is very poor. The circuit in
Fig. 11 is an early type oscillator.

35T-50T -852

PLATL PARALLEL WIRES

MOAT CONNECTIONS

CATHODE
PARALLEL WIRES

” LAY ﬁ
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38T-50T-852

FIL SUPPLY
KOZANOWSKI OSCILLATOR
FIG. 11

PARALLEL WIRES

OR nODS
6 Rrc

+

MOD

L—alo}s]sialoo

B-K OR G-M OSCILLATOR
FIG. 12

Figs. 13 and 14 illustrate a 34-meter trans-
mitter and receiver used in 1933 by the
author. The power output is rather low, but
telephone communication over short distances
can be satisfactorily accomplished.
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FIG. 14

3, Meter Receiver (1933).

Regenerative Oscillators

® The introduction of the RCA Acorn 955,
and Western Electric 316-A tubes made
V;-meter regenerative oscillators practical.
These tubes are more efficient than ordinary
types for ultra-high-frequency work. Fig. 15
illustrates the RCA Acorn triode. Circuits,
such as that shown in Fig. 16, and a con-
structional plan in Fig. 17, are satisfactory
for low-power transmitters and super-re-
generative receivers. The 955 Acorn can
be used as an oscillator in super-heterodyne
receiver circuits with its companion tube,
RCA 954 (or 956) Acord Pentode, in the
RF portions of the circuit. The regenerative
circuits are quite similar to those for longer
wavelengths, except for the physical size of
condensers and coils. The tube element
spacing in these Acorn tubes is made so
small that electron transit time becomes a
negligible factor for wavelengths above 0.6
meter.

11
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FIG. 15

FIG. 16
RCA 955—Circuit Diagram and Suggested
Layout.

L1—8 turns, Y-in. outside diameter, No. 18
wire, spaced Y4-in. between turns.
Cl—Tuning condenser; 2 circular brass
plates 34-in. in diameter; 10/32 thread on
adjusting screws.

C2—.00025 mica condenser, postage stamp
type.

R1--15.000 ohms, 1 watt carbon resistor.
RFC—!/;-in. bakelite rod wound 1Y,-in. with
No. 32 DCC wire.

(CLIPS FOR
ruBE
TERNINAL

] Ry
| DASE OF TUBE

| 3 — ——

OPENING FOR
FIG. 17—Plan view of transmitter.

Micro-Wave Transmitters

® \ micro-wave transmitter for operation
slightly below 1 meter is illustrated in Fig.
18. The RCA 955 Acorn is used in a par-
allel-rod oscillator with cathode, rather than

12

Micro-Wave Tube Characteristics
RCA 954 PENTODE

Heater voltage ......... ..o iiiiiiinn. 6.3
Heater current ........oouia... 0.15 amp.
Girid-to-plate capacity ...o.............. 007 mmid.
Input capacity .........................3 mmid.
Output capacity ..........cooveiinnrnnens 3 mmfd.
Max. plate voltage...................... 25 volts.
Max. screen voltage.................... 100 volts.
Grid voltage ....vvveeeiinininnn.. —3 volts.
Suppressor tied to cathode......................
Amplification factor .................. Over 2000,
Plate resistance ............ ..Over 1.5 megohm,
Mutual conductance. .. ............... 1400 mhos.
Plate current .........o i, 2 ma.
SCTeen CUrrent ..o vevnnronnnennnenen 0.7 ma.

RCA 955 TRIODE

Heater voltage .............co0iiiii ., 6.3
Heater current ... . oL 0.15 amp.
Max. plate voltage..................... 180 volts,
Max. plate current........................ 7 ma.
Amp, factor ... 25.
Plate resistance .................... 12,500 ohms.
Mutual conductance ................. 2,000 mhos.

PARALLEL Y

RODS \\ T

955

] é
S
a4

MIKE BAT. + 180V

320MC TRANSMITTER
FIG. 18

grid-leak, bias. Another 935 serves as the
modulator. This transmitter is similar to
one built into a silk-top hat, and used by
the NBC for remote pickup of commercial
broadcasts. The antenna protrudes through
the hat, the batteries and modulator are
carricd in a leather belt. A similar oscil-
lator was built into a walking cane, the
cane holds both the parallel-rod oscillator
and antenna. Signals have heen received
over distances of 3 miles. Automobile igni-
tion interference is practically absent at
wavelengths below 1 meter.

66 CM (2/3-Meter) Transceiver

® This is perhaps the first disclosure of a
transceiver that operates successfully on ¥5-
or Zards-meter.  Operation at these very



1Y, Meter Transmitter

short wavelengths is accomplished with an
Acorn triode and parallel wire circuits for
grid, plate and filament. See Fig. 19. The
filament cathode circuit is tuned with a
quarter wave parallel wire section which is
adjusted by sliding a .001 mfd. mica con-
denser along the parallel wires. See Fig. 20.

plate and grid parallel wires. For 74-meter,
this bridging condenser is about 1'% in.
away from the glass envelope of the 955
Acorn tube. 40 CM oscillation takes place
when the condenser is bridged across the
wires at the point of connection to the ter-
minal clips of the tube. The wavelength of

FIG. 19—66 cm. Transceiver with 955 Acom Triode.

When this filament circuit is properly tuned,
oscillation and super-regeneration can be
obtained with relatively low values of plate
voltage, even at wavelengths of 40 CM. This
adjustment is not very critical over a range
of a few centimeters. The ends of the
quarter wave section have high RF potential ;
the short-circuited end (.001 bridging con-
denser) have zero RF potential, and thus the
parallel wires can extend a few inches
beyond the short-circuited end. The cathode
resistor, filament by-pass and cathode by-
pass condensers can then be connected in
place without need of varying their position
for tuning purposes. The insulated filament
lead is twisted around the cathode filament
wire in order to make the combination act
as a single RF conductor. A small mica
condenser connected between this wire and
the cathode or ground wire will increase the
capacity and prevent RF absorption by the
extended filament leads. The latter may
connect to either a 6.3 volt AC source, or to
a 6-volt storage battery.

rh}"ﬁ-————~ 6" —-—--dlgsst.a, T_

operation increases as this condenser is slid
outwardly along the parallel wires toward
the other .0001 mfd. bridging condenser
near the end of the paraliel wires, at which
point 1% meter operation can be secured.

As illustrated in the photograph and cir-
cuit diagram, the portion of plate-grid par-
allel wires between the two .0001 mid.
condensers serves as a quarter wave tuning
section which provides high efficiency when
operating below 34-meter. The RF potential
across the .0001 mfd. condenser nearest the
tube is not exactly zero at the ends of the
condenser, since the physical length of the
condenser becomes an appreciable portion of
the tuned circuit between grid and plate.
The quarter wave section, which at Z%rds-
meter is about 614 inches, serves the purpose
of two radio-frequency chokes for connection
to the audio components of the transceiver.
A quarter wave section is much more effec-
tive than RF chokes in the micro-wave
region.

-
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66-2/3 CM TRANSCEIVER =
FIG. 20

The frequency or wavelength is adjusted
to the desired value by means of a .0001
mfd. mica condenser connected across the

The antenna can be inductively coupled to
this transceiver by supporting a 34-turn loop
(34 in. dia.) close to the parallel wires in

13
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the grid and plate circuits of the 935 tube.
This loop should be coupled to the oscillator
between the tube and the .0001 mfd. bridging
condenser nearest the tube. A half wave
antenna for %rds-meter is approximately
13 inches long. A two-wire Zepp. feeder, or
matched impedance line, couples the antenna
to the transceiver. A directive antenna
array, or a Yagi antenna, is infinitely better
for increased range at these very short
wavelengths,

With the DPST switch closed, the 955
operates as a grid-modulated oscillator with
plate current of approximately 6 to 7 MA.

With the switch open, the headphones are
connected in the plate circuit, and the micro-
phone transformer is disconnected from the
grid circuit. Reception is obtained by super-
regeneration in the detector circuit, and the
plate current drops to a value of between 1
and 2 milliamperes.

Plate modulation in the transmitter will
give two to three times as much output, if
more output is needed.

The RF circuit is very effective below 1
meter and outputs of !4 to V2 watt can be
expected between Y4 and 1 meter. At 663%
(%rds-meter) the transmitter output is high
enough to give more than half-scale deflec-
tion on a thermo-galvanometer having a
range of 115 MA.

W.E.316-A Micro-Wave Oscillator

® Western Electric has produced a new
micro-wave triode which delivers from 5 to
10 watts output on wavelengths as low as 5
meter. The element spacing is so close that
the tube operates efficiently as a regenera-
tive oscillator with negative grid and posi-
tive plate for frequencies as high as 750
mc. The maximum plate dissipation is 30

FIG. 21—W.E.-316A U.HF. Triode.

sufficient for coverage over a visual range,
although in one case a 34-meter signal was
heard over a distance of 80 miles, which is
far beyond the optical path. A large variety
of circuits could be suggested for micro-
wave operation, but the most simple of these
is the one shown in Fig. 22. It consists of
two parallel half wave rods, spaced about
Y4-inch apart, to provide a 34-meter tuned
circuit of fairly-high “Q”. See Fig. 23. The
grid and plate of the tube are connected to
the copper rods; this capacity causes the
physical length to be less than a half wave-
length. As can be seen from the photograph,
the plate RF choke and grid-leak do not con-
nect to the center of the rods, but rather
across the voltage node. The distance be-
tween this point and the free ends of the
rods is a quarter wavelength. The other

L T

FIG. 22—W.E.-316A 3¥;-Meter Oscillator.

watts. The transmitter illustrated in Fig. 22
delivers aproximately 7,5 watts with 400
volts on the plate. This power output is

14

distance is shortened by the tube capacity.
Filament RF chokes, or tuned filament leads,
are desirable for operation below !-meter be-



1Y4 Meter Receiver
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FIG. 23—W.E.-316A 3¥;-Meter Oscillator Circuit.

cause the filament is near a point of high
RF potential in the oscillating circuit. These
filament chokes consist of 30 turns of No. 16
enameled wire, wound on a Y-inch rod,
then removed from the rod and air-supported,
as the picture shows. The length of these
chokes is aproximately 3 inches. A 200 ohm
resistor is placed in series with the 110-volt
AC line to the filament transformer in order
to reduce the transformer secondary voltage
from 2% to 2 volts, because the filament of
the tube operates on 2 volts at 3.65 amperes.
This particular oscillator gave outputs in
excess of 5 watts on 34 meters, even when
no filament RF chokes were used.

This oscillator, when loaded with antenna,
draws from 70 to 80 milliamperes at 400 volts
plate supply. An audio modulator, such as
a pair of 2A3 tubes, class AB connection,
will supply approximately 15 watts of audio
power for modulation. The oscillator should
be tested at reduced plate voltage, prefer-
ably by means of a 1000 to 2000 chm resistor
in series with the positive B lead, until os-
cillation has been checked. A flashlight
globe and loop of wire can be coupled to the
parallel rods at a point near the voltage
node, in order to indicate oscillation.

A 15-inch antenna rod or wire can be fed
by a one-or-two-wire feeder of the non-
resonant type. A single-wire feeder can be
capacitively coupled to the plate rod, either
side of the voltage node, through a small
blocking condenser. If a two-wire feeder is
employed, a small coupling loop, placed par-
allel to the oscillator rods, with the closed
end of the loop near the voltage node of the
oscillator, will provide a satisfactory means
of coupling to the antenna. The power out-
put is high enough so that operation is as
simple as any 40 meter c-w transmitter.

W. E. 316-A Characteristics

IFilament voltage.............. 2 volts a-c or d-c.
Filament current .........c.c.o0e.nn 3.65 amperes.
Average thermionic emission......... 0.45 amperes.
Amplification factor ........ .. ieiiiiiisiiaan 6.5.
Plate-to-grid capacitance ............... 1.6 mmfd.
Grid-to-ilament .......... oo iiiiiiinen 1.2 mmfd.
Plate-to-filament .......oovvviriineaian 0.8 mmfd.
Max. plate dissipation................... 30 watts.
Max. d-c plate voltage.................. 450 volts.
Max, d-c plate current.. .............0onn 80 MA.
Max. d-c grid current..............0anen 12 MA.

11/, Meter Receiver

® Extremely small capacity between tube
elements, and very small values of tuning
capacities and inductances are essential for
1V meter receivers, Conventional triode
tubes have too much grid-to-plate capacity
for effective operation at 114 meters. How-
ever, once the correct components are
chosen, it is a very simple matter to build
:it‘_high-sensitivity 174 meter receiver. See
ag. 24,

FIG. 24
11/4-Meter Receiver.

The grid and plate leads to the tuning
condenser are so short as to be almost
negligible. Either a coil or parallel wires
forms an inductance for connection across
the tuning condenser. Parallel wires oc-
cupy a few inches more of space, but they
are more efficient because the circuit “Q”
is higher,
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The circuit shown in Fig. 25 is almost
self-cxplanatory. Super-regeneration is se-
cured by means of a blocking grid-leak con-
denser system. A cathode RF choke is gen-
erally necessary in order to obtain super-
regencration. Impedance coupling is shown
between the detector and 76 audio stage be-
cause this method of coupling gives sufficient
volume for headset reception. An audio
transformer could be substituted, together
with a type 41 pentode tube, if loudspeaker
reception is wanted. A potentiometer con-
trols the plate voltage to the super-regen-
erative detector ; adjustment should be made
for greatest detector sensitivity. Insufficient
detector plate voltage will generally result
in an audio howl. Super-regeneration takes
place at slightly higher voltages, up to the

ting will depend upon the characteristics
of the particular 955 Acorn tube in the cir-
cuit, and the degree of antenna coupling.

The RF coil, L1, can be compressed or ex-
tended in order to permit the tuning con-
denser to cover the 1Y4 or 24 meter bands.
Lecher wires provide a most convenient
method for checking the wavelength of the
receiver.

114 Meter Transmitter with RCA-834
UHF Tube

® The advent of several new tubes particu-
larly designed for the ultra high frequencies
makes possible the construction of a trans-
mitter which will deliver from 10 to 50
watts on wavelengths below 5 meters.
Ratheon RK-32, Western Electric 304-B,
and RCA 834 are equally suitable for use
in the transmitter shown in Fig. 26, The
characteristics of all three tubes are similar.

arcz RCAB34

FIG. 27 8-

1Y¢-Meter Transmitter.

B+ on
woDULATOR

Cl—Aluminum Plates, 11/ in. square.
Copper Tubes—3-in. long for 11, Meters,
9 in. long for 21; Meters.
RFC1—40 turns No. 28 DSC, Y-in. dia.
RFC2—25 turns No. 14 Enam., ;-in. dia.

The grid and plate leads are brought out
through the top of the tube envelope in all
cases, resulting in operation down to ¥4-
meter,

FIG. 26—11/;-Meter Transmitter with RCA 834 U.H.F. Triode.

full batterv voltage supply. Greatest sen-
sitivity occurs when the actual detector plate
potential is nearly 43 volts. The proper sct-

16

The circuit in Fig. 27 is suitable for oscil-

lation between 1 and 3 meters, depending
upon the length of the parallel rods or pipes.



2Y, Meter Oscillator

A slight variation of frequency is possible if
two condenser plates each 34 in. square, are
connected across the pipes near the tube
leads. This type of circuit works more
cthciently than a conventional coil and con-
denser oscillator circuit. The tube leads fit
into the ends of copper pipes, and small set
screws provide good electrical contact be-
tween pipe and tube leads. This type of
mounting must be used with care in order
to avoid breakage of the tube envelope. The
tube socket mounting strip should have
slotted holes in order to make correct align-
ment with the copper pipes.

IFilament RF chokes are necessary below
3 meters in order to secure oscillation, At
1V, meters, the metal shell of the tube
socket, and the metal support that holds
the socket, introduce excessive capacity to
the filament circuit of the tube, resulting in
stoppage of oscillation if either of these
metal surfaces is grounded. A non-metallic
socket and bakelite socket support would be
preferable if operation in the neighborhood
of 1-meter is wanted. A tuned filament cir-
cuit, somewhat similar to that illustrated
in the 66 CM Transceiver, will work more
effectively than RF chokes for wavelengths
below 1V4 meters.

The antenna {feeder is coupled to the
parallel pipes or tubes by means of a coup-
ling loop. A half or quarter wave antenna
can he capacitively coupled through a very
small variable condenser to the plate rod
at a point approximately one to two inches
from the plate blocking condenser. Trans-

meter operation in the transmitter illustrated
in Fig. 28, A parallel rod or wire tuned-
plate circuit gives good efficiency on 214
meters, proved by tests where efficiencies of

+8 300/ &
MIDULATOR

FIG. 28

approximately 50% were realized. A carrier
power output of 10 to 15 watts is easxl) ob-
tainable on 25 meters. The circuit is
shown in Fig. 28, If a more powerful
modulator is connected to the oscillator, to-
gether with plate potcntlals of 500 to 600
volts, outputs of 25 to 30 watts can be
sccured.

A 15,000 ohm grid-leak and 300 ohm
cathode resistor give stable grid bias for
the oscillator. The cathode resistor pre-
vents all tendency for the plate current to
“run away’’ during operation. The grid coil
consists of 5 turns of No. 18 wire, wound
to cover a length of one inch, with an in-
side diameter of 7/16-inch. This coil is

FIG. 29—Raytheon RK-34 2l/,-Meter Oscillator.

mission ranges of 3 to 50 miles are possible
if the antenna is located at high elevation.
Even 14 meter waves tend to curve along
the surface of the earth to such an extent
that communication can often be obtained
bevond the optical range,

21/, Meter Transmitter

® An RK-34 twin-triode tube is connected
in a tuned-grid-tuned-plate circuit for 204

soldered directly to the tube socket termin-
als. The antenna feeders can be capactively
coupled to the plate circuit through a pair
of .001 mfd. mica condensers. If a two-wire
spaced feeder is used, these wires tap across
the plate rods about two inches from the
shorting bar.

The plate circuit is tuned to the desired
frequency by sliding the shorting-bar along
the rods. Antenna coupling is adjusted by

17



Jones Ultra-High-Frequency Handbook

sliding the antenna taps along these rods
until normal plate current is drawn. The
inductance in the grid circuit can be slightly
varied in order to obtain the best amount
of feedback for high output.

A suitable modulator consists of a pair of
type 42 pentode tubes driven by 2 76 speech
amplifier. The 42 tubes can be operated
from the common 350 volt plate supply by
means of a 30 henry, 150 ma., modulation
choke. The screen voltage should be re-
duced through a resistor from the 250 volt
supply; a 10 watt, 10,000 ohm resistor is of
the correct size. A Y4 mfd. bypass con-
denser from screen to ground will pass the
audio frequencies from screen to ground for
normal operation. The cathode resistor of
300 ohms, 10 watt rating, should be by-
passed by means of a 25 mfd. low voltage
condenser, If greater input is applied to
the oscillator, a more powerful modulator is
needed. Class B 46 tubes, or push-pull 6L6
tubes, will give ample audio power for in-
puts as high as 40 or 50 watts on the RK-34
tube, Normal plate current to the latter is
80 ma., although in actual practice this
oscillator has been operated over consider-
able periods of time at 100 ma. plate cur-
rent.

Single-Tube 21/, Meter Transceiver

® An exceedingly simple 215 and 5 meter
transceiver can be built to operate from a
type 76 tube. The set is shown in Fig. 30.

FIG. 30—Single-Tube Transceiver.

The 76 has low interelectrode capacities
and high mutual conductance, thus it per-
forms better than most other types of con-
ventional tubes on 214 meters.
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The 76 tube acts as a grid-modulated os-
cillator for transmitting, and as a super-
regenerative detector for receiving, in the
circuit shown in Fig, 31. Switching from
send to receive is accomplished with a
DPST switch, the “on” position shorts-out
the headset, and connects-in the grid mod-
ulation transformer when transmitting. In
the receive position, the half-megohm (500,-
000 ohm) grid-leak produces super-regener-
ation.

ANTENNA
4
Ct

P mONES

FIG. 31—Circuit Diagram.
T1—Mike-to-grid transformer.
Cl—Antenna lead twisted around plate
lead.
L2-L3—(RFC)—Two RF chokes, each 100
tums.
No. 34 DSC, 3-in. diameter.

The modulation transformer can be any
tvpe of carbon microphone-to-grid trans-
former with a secondary resistance (grid
winding) of from 3,000 to 5,000 ohms. The
primary is connected in series with a single-
button microphone and battery. If AC is
used on the heater of the 76 tube, a 412 volt
“C” battery can be connected in series with
the microphone, switch and transformer pri-
mary, without a connection to the tube heat-
er circuit. A 6-volt storage battery or four
dry cells in series will normally provide
heater and microphone current, as shown in
the circuit diagram.

For receciving, the '2-megohm grid-leak
connects to plus B in order to provide high
audio output from the super-regenerative
detector. When transmitting, grid-bias is
supplied by a 400 ohm cathode resistor and



2Y, and 5 Meter Transceiver
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the grid current through the resistance of
the modulation transformer. Understandable
voice modulation can be secured from grid
modulation with a minimum of parts.

Very short leads to the grid and plate
terminals of the 76 tube socket permit oper-
ation in the 2% meter band. The tuning
condenser shaft is insulated from the front
dial with a flexible shaft coupling and ex-
tension shaft to the variable tuning con-
denser. The antenna is coupled by twisting
one to three turns of insulated hook-up wire
around the plate lead of the 76 tube. This
capacity coupling should be as great as pos-
sible, wwithout causing a cessation of the
super-regenerative hiss in the headphones
when the control switch is in the receive
position.  Coupling must be as tight as
possible, however, in order to obtain a high
degree of modulation when transmitting.

2Y, and 5 Meter Transceiver

® A simple breadboard-mounted transceiver
is shown in Figs. 35 and 36. It uses a 76
tube as an oscillator and super-regenerative
detector and a 41 tube as a modulator and
audio amplifier. A DPDT switch changes
the 76 tube from a super-regenerative de-
tector into a RF oscillator for transmitting ;
at the same time the 41 tube is changed from
an audio amplifier into a modulator for
transmitting. The circuit is shown in Fig.

37

FIG. 35

Simple 2l; 5-Meter Transceiver. The 5-
Meter Coil Is in the Foreground.
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FIG. 36

Close-up of Mounting Bracket, Showing
Correct Placement of Condenser, Coil,
Chokes. Resistor, etc.

The transceiver is mounted on either a
wood or metal chassis, ¥ in. x 8 in. The
tuning dial is connected to the condenser
through an insulated coupling. The 76 tube
is mounted horizontally on an insulating sub-
panel, 2% in. x 5 . This method of
mounting facilitates the use of very short
and direct leads to the tuning condenser and
coils, resulting in high efficiency on both 214
and 5 meters. The home-made RF choke
coils are rather critical as to their number
of turns, if operation on both bands is de-
sired. If the values are not correct, dead
spots will be found within the tuning ranges.
This effect can also be checked by coupling a
6.3 volt pilot lamp in series with a turn of
wire to the RF coil in the transmit position.
If the light goes out within the tuning
range, RF choke trouble can be suspected.
Modulation can also be checked with the
aid of this lamp indicator. Brilliance should
increase when the microphone is spoken into.

Antenna coupling should be as tight as
possible without loss of super-regeneration,
as evidenced by a loud hiss in the receive
position. Either an AC power pack or bat-
teries can be used for the power supply. The
“B" voltage can be any value from 180 to
250 volts. A conventional single-button
microphone and a 415 volt C battery can ke
used in the mike circuit. A switch should
be connected either in the microphone cir-
cuit or as an integral part of the microphone
so as to cut off the microphone current
when the transceiver is either in the receive
position or not in nuse. The layout of the
transceiver should be as shown in the illu-
strations. If the leads are too long, or if
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FIG. 37
2Y2- and 5-Meter Transceiver.
L1—4 Turns No. 14, 3%-in. dia.. $%-in. long
for 21/, Meters.
L1-—9 Turns No. 14, Y3-in. dia., 1Y4-in. long
for 5 Meters.
I.2--ll'1'um Hook-up Wire Over Center of
Ll.
RFC—100 Turns No. 34 DSC on 3;-in. rod.
Resistors—All One-Watt Rating.

the resistor and condenser values are not as
specified, the set will not super-regenerate or
oscillat¢ on 214 meters, and possibly not
even on § meters. The 76 tube socket should
be of a good grade of bakelite, or preferably
cerami¢ material. Either a 76 and 41, or
the 6C5 and 6F6 metal tube equivalents can
be used. The transmit-receive switch can
be of the toggle or knife variety.

The antenna coupling coil consists of one
turn of insulated hookup wire slid between
the center turns of the transceiver coil.
Capacity coupling can be used, if desired, in
which case one to three turns of insulated
wire would be wrapped around the grid or
plate lead of the 76 tube. The output of this
set is approximately 15 to 1 watt, depending
upon the plate voltage.

76-41 21/, or 5 Meter Transceiver

® The power drain of a 2U4 or 5 meter
transceiver is low because the same tubes
are used for both phone transmission and
reception, On the other hand, the receiver
radiates badly, causing “whistles” and inter-
ference in other sets within a radius mile or
two. Generally the receiver frequency is
not exactly the same as the transmitted fre-
quency, even though the same tuned circuits
and tubes are used in both cases. The change
of grid or plate voltage when switching from
transmit to receive always tends to change
the tube element capacities which are in
shunt with the tuned circuit, thus causing a



2Y, and 5 Meter Transceiver

change in frequency. This effect is usually
more pronounced on 2)2 than on 5 meters,
but it can be minimized by proper design.
In spite of these disadvantages, the low first
cost, economy of operation and compactness
warrants the use of transceivers in many

cases,

FIG. 38
Front View of 2l or 5 Meter Transceiver.
Loud Speaker Grille on Left Side.

® This transceiver has a 76 and a 41 tube
in a conventional circuit, with certain re-
finements. The 76 acts as a super-regencr-
ative detector of the blocking grid-leak type,
transformer coupled to the 41 pentode audio
amplifier in the receive position. In the
transmit position the 76 acts as an oscillator,
modulated by the 41 tube which serves as
an amplifier for a single-button microphone.
When receiving, a variable control of plate
voltage for the 76 tube prevents excessive
receiver radiation and holds the hiss level to
a minimum, thus maximum sensitivity is
realized. The 4-pole-double-throw switch
connects the loudspeaker, increases the 76
grid-leak resistance for super-regeneration,
cuts in an audio amplifying transformer and
converts the 41 tube into a power audio am-
plifier for loudspeaker reception. The re-
ceiver audio volume control operates only
on the grid of the 41 tube while actually
receiving, so it has no effect on the micro-
phone-to-grid circuit, such as is the case in
most transceivers, The complete circuit is
shown in Fig. 40.

In the transmit position the switch opens
the loudspeaker circuit, reduces the grid-
leak to the proper value for transmitting,
connects-in the microphone circuits, and con-
verts the 41 tube into a modulator system.
A 41 tube will furnish sufficient audio gain
and output to fully modulate a 76 tube for

a plate voltage range of from 130 to 250
volts. An ordinary single-button hand
microphone has enough electrical output for
voice input and thus it is not necessary to
shout into the “mike” in order to obtain a
high degree of modulation,

A separate 42 volt C battery serves as a
microphone battery in order to simplify the
power supply. The latter consists of 180 to
250 volts of either B batteries or rectitied
and filtered AC power supply, and either a 6
volt storage battery or 6.3 volt AC supply
for the heaters. The separate “mike” bat-
tery makes it possible to use AC on the 76
and 41 tube heaters when an AC power sup-
ply is preferred, such as at a fixed station.

FIG. 39
Looking Into the 2!/, or 5 Meter Transceiver.

® The transceiver is built into a ¥ in.x 734
in. x 7 in. can, with a chassis 134 in. high
for sub-base mounting of parts. The power
socket is mounted at the rear, so that either
battery or AC power pack supplies can be
plugged in at will.

The tuning condenser has two plates. One
rotor plate is first removed from a stand-
ard 3-plate midget condenser. This small
condenser capacity gives better bandspread
on 2% or 5 meters. The condenser and
the 76 tube socket are mounted on a vertical
bakelite sub-panel, 2% in. x 4 in. x 3/16 in.,
which in turn mounts on chassis with a
right-angle bracket. This tuning condenser
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must be well insulated from the chassis. A
Y4 in, diameter bakelite rod couples the dial
to the condenser. The RF leads for 214
meters must be extremely short. A hori-
zontal mounting of the 76 tube places the
grid and plate terminals near the tuning con-
denser and coil. Change from 2% to 5
meters is accomplished by changing the 4-
turn coil to one with about 9 turns of No.
14 wire, 5 in. diameter, and spaced slightly
between turns. The coil is soldered to the
condenser.

4T N® 4
DA™
PARTINS

oumiTe 3a

se,000n
aw

“oL comTmoL
.
ae
s a
(Do) Lwten
.
uecn
saw

LI
10,000
et

3 a”

aeetn cont
nt om-orr 8V = AC - DC
O -—_

7o
Taans

= L
& N T %" oan
PRPRISIN

9

mFC - 80T wedxBIC

>

FIG. 40

and S5-Meter Transceiver for Loud
Speaker Operation.

2Y,-

No particular care need he exercised in
the audio wiring circuit. The parts can be
placed in any convenient location and ordi-
nary push-back hook-up wire serves for all
connections. The C battery, or microphone
battery, can be placed either under or on top
of the chassis, or wedged behind an audio
transformer.

Ground leads often cause trouble on 205
meters, By changing the length of these
leads, the output may be doubled. A 6.3
volt pilot lamp connected through a 34 in.
diameter loop of wire will serve as a good
test for RF output and degree of modulation
when coupled to the transceiver coil. The
lamp should light with a moderate vellow
color, and increase in brilliance when the
microphone is spoken into. On 3 meters
the effect of the length of the ground lead is
not very pronounced, and the location of the
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.01 mid. by-pass condenser ground, 76
cathode ground and heater ground leads are
not as critical. \When the set is functioning
properly it should super-regenerate easily
over the entire dial range, and the RF out-
put should not drop appreciably over the
entire dial range when transmitting.

The audio output is sufficient to operate
the small magnetic loudspeaker which is
mounted behind a wire-screen grill on the
side of the cabinet.

A one-turn antenna coupling loop is seli-
supporting. The antenna lead connects to a
through-type insulator on the front panel
and passes through a hole in the bakelite
panel, where it is cemented into the hole in
order to give it rigidity,

® The receiver should super-regenerate over
the 272 meter range when 180 volts or more
of plate potential is applied. The regen-
eration control in the plate circuit of the 76
tube is of more practical use on 5 meters
than on 2!, since lower plate voltages will
cause super-regeneration on the longer
wavelength,
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Rear of Control Panel.

The voice quality when transmitting
should be checked by listening to a phone
monitor, or on another 2V, meter receiver.
With a good microphone, the voice is clear
and comparable to that on an ordinary
telephone line. High quality audio and
microphone transformers are not needed for
amateur service, Small units are desirable
in order to conserve space and weight.

A Lecher wire system, absorption wave-
meter or another 2'%2 meter (or 5 meter)
station can be used to check the 212 meter
band location on the tuning dial.

The possible range of this transceiver de-
pends upon the type of antenna and its
height above nearby objects or ground. A
range of 2 or 3 miles can he expected.



Jones Ultra-High-Frequency Handbook

Metal Tube 5-Meter

® This 5-meter transmitter and receiver has
a separate RI* unit and a conventional audio
amplifier for loudspeaker and modulator op-
eration. Metal tubes conserve space and give
entire satisfaction on 5 meters. The 6D3
tubes arc similar to glass type 45s. The
beam power tube 6L6 serves as a modulator.
A 6]7 pentode functions as a regenerative
RF amplifier which gives some amplifica-
tion and minimizes radiation from the self-
quenching super-regenerative 6C5 detector.
This set is designed around standard cir-
cuits that have given most satisfactory serv-
ice for portable 5-meter operation.

The principles of operation and construc-
tion are similar to those of the 6A6 glass
tube 5 meter transmitter-receiver, described
at more length elsewhere in these pages. The
detector is self-quenching with a blocking
grid-leak. A 6L6 serves the same purpose
as the 6A6 driver and 6A6 class B stage
shown in the 6A6 glass tube set previously
referred to. The 6D35 tubes give about the
same carrier output as a 6A6 push-pull os-
cillator.

This set requires less space than most
other sets of similar general design. The
chassis is only 9 in. x 6 in. x 134 in. The
cahinet is 2 in. longer in order to make space

Transmitter-Receiver

for a small magnetic loudspeaker at one
end. The cabinet measures approximately
6 in. x 6 in. x 11 in, and is formed by two
U-shaped pieces with a flange along the
edges of one piece. Self-tapping screws hold

FIG. 42—Front and Side View of Metal
Tube Transmitter Receiver, Showing Loud-
Speaker Grille on Left Side of Cabinet.

the top-back-bottom piece in place. The
6D5 grid coil consists of 14 turns of No.
14 wire, V5-in. diameter, 134-in. long, with
a center-tap. The plate coil has 7 turns of
No. 10 wire, center tapped, 34-in. diameter,
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5 Meter Transmitter-Receiver

1%4-in. long. A 2-turn pick-up coil of 18
ga. hook-up wire serves as an antenna coil
which connects through the low capacity
send-receive switch. All RF chokes can be
made of 75 turns of No. 34 DSC wire, close
wound on a 34-in. bake-
lite rod. The modula-

in preference to a 6K7, because 5-meter sig-
nals are seldom strong enough to cause
cross-talk in the RF stage; the high value of
the cathode fixed resistor (1000 ohms) acts
as a RF choke to force the cathode RF cur-

tion choke should have
at least 15 henrys in-
ductance at 150 ma. DC.
The audio input trans-
former can be any type
of three-winding trans-
ceiver transformer.

The 6J7 RF coil has 8
turns, 'z-in.  diameter,
about 1%4-in. long, and is
similar to the detector coil
except for location of
taps. The cathode tap is
made on the first (one)
turn, the antenna tap at
two turns, or a separate
antenna coil can be used.
The detector coil is center-
tapped. These two circuits
are made to track by com-

pressing the turns on the
coils, also by hending one
of the plates on each of
the 2-plate condensers
which are ganged together
for single-dial tuning. The RF and detector
tuning adjustments are not very critical. A
regeneration control on the super regenera-
tive detector permits adjustment of plate volt-

FIG. 44.
Looking Into the 5-Meter Transmitter and Receiver.

rent through the cathode condenser and
cathode coil tap. Short RI leads are cssen-
tial in the RF and detector stages. The
shields of the 6D3 and 6C5 are not grounded,

A separate 42 volt

r

‘
5=
f

<

microphone battery en-
’ ables the tube heaters to
|

be connected to either a
6-volt storage battery or
to a 6.3-volt AC source.
Heavy-duty B Dbatteries
for portable operation, or
an AC line power supply
can be plugged-in for
operation at a fixed sta-

tion location. Approxi-
mately 5 watts of carrier
output can be secured

i from a 230 to 250 volt
| power supply. The con-
structor is urged to close-
ly adhere to the mechan-
ical design, otherwise the
| final results may not be
satisfactory. Coil wind-

FIG. 45—Under-Chassis View of Transmitter-Receiver.

age to the value of lowest hiss level, with good
sensitivity and ability to handle strong signal
inputs. A 50,000 ohm cathode resistor pro-
vides a combination regenerative RF volume
control for the 6J7. The latter was selected
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ing specifications should
also be carefully fol-
lowed. Some slight “prun-
ing” of the coils will usu-
aily be mnecessary; this is accomplished by
slightly compressing or expanding the coils
until they cover the correct frequency range.
All ground leads should connect to a com-
mon hus-bar.



21/,-5-Meter Metal Tube Transceiver

@® \letal tubes fit readily into the design of
a very compact and powerful transceiver for
5- and 2Y-meter operation. This unit here
illustrated transmits more power than most
transceivers hecause heavy antenna loading
is permissible for both transmitting and re-
ceiving. 1t is quite sensitive and the hiss
level is low. The radiated interference is
much less than from most transceivers while
receiving, due to the separate interruption
frequency coil circuit.

The set is built into a 3% in. x 515 in. x
414 in. steel can formed into two U-shapes
with lips along the top and bottom edges of
one of the U-shaped pieces. The chassis is
4 in. x 534 in. x 134 in, thus making it
somewhat difficult to wire-up the 4-pole-dou-
ble-throw switch, but this job can be accom-
plished with a little patience. The tuning
condenser, plug-in-coil and 6C5 tube are
mounted on a vertical bakelite subpanel, 3348
in. high, 214 in. wide
and Y& in. thick. The
RF chokes are made
both 5 and 2'2 meters
must be wound to the
correct size of induct-
ance so that no resonant
absorption dips occur in
either band. About 75
turns of No. 34DSC
wire, closewound on a
piece of 34-in. bakelite |
rod, serves the purpose.

The terminals of these {eca

home or portable operation. Variable an-
tenna coupling capacity will permit the use
of any type of 5 or 2%5 meter antenna. The
coupling condenser can be adjusted through
a hole in the front panel by means of a
bakelite screw driver. The shield of the
6C5 tube should “float,” i.e., it is not con-
nected to ground, as is the usual practice.

SHIELD
FLOATING®

000t

20m
BOMA CrIME

HEATERS

RE chokes are made
by drilling small holes
thru the ends of the
bakelite rod and then
soldering the fine wire to a piece of No. 22
wire twisted thru and around the ends of
the rod.

The interruption frequency coil provides
super-regeneration in the 6C5 tube when
receiving, thus heavy antenna loading and
low plate voltage can be used on 5 meters.
On 2% meters, the plate voltage should be
200 volts, preferably 250, if available. The
transmitter output with 135 volts supply on
5 meters will he approximately 3 watt, and
174 watts at 200 volts, which is greater than
the output obtainahle from most other trans-
ceivers. A 6F6 power pentode acts as modu-
lator when transmitting and as an audio am-
plifier when receiving. The output in the
latter condition is sufficient to drive a small
magnetic loudspeaker to moderate volume.
The detector regeneration control can be sct
to a point of very low hiss level and high
sensitivity.

A separate 415 volt microphone hattery al-
lows the use of either AC or DC supply for
the heaters of the two tubes. Either an AC
power supply or batteries can be used for

s i »
8+ 8-@-6V oc +6
om AC

90~-250v

FIG. 46—Metal Tube 21/;-5-Meter Circuit Diagram.

The 3-meter coil consists of 9 turns No. 14
wire, ¥4-in. diameter and 1% in. long. The
als-meter coil has 3 turns, Y-in. diameter,
wound to a length of between 1 in. and 1%
in., depending upon the length of RF leads
in the RF tuning assembly. Pin jacks serve
as terminal plug receptacles for the little
plug-in coils. The send-receive switch in its
center position opens the heater supply cir-
cuit, but does not disconnect the B battery;
consequently if dry cells are used. the re-
generation control will absorb a small
amount of current, even when the set is
turned off.

This transceiver can be built on a larger
chassis, if space requirements permit. The
6C5G and 6176G large glass tuhe equivalents
of the little 6C5 and 6F6 metal tubes can
he substituted without change in circuit con-
stants. Operation on 24 meters should be
slightly more efficient when using the glass
6C5G tube. These glass tubes have octal
bases, but thev require more space.

The same arrangement of horizontal RF
tuhe mounting, very close to the tuning con-
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Metal-Tube Transceiver

FIG. 47.
Front View of Metal Tube Transceiver.

denser and coil, is recommended if 2V4-meter
operation is desired. The tuning condenser
has two plates. An insulated shaft connects
the condenser rotor to the dial.

The three-winding midget audio trans-
former is manufactured hy several concerns.

FIG. 48.

Interior View, Showing Coil and Condenser
Support, Also Horizontal Mounting of 6C5.

Any small 20 or 30 henry, 50 ma. filter choke
is suitable for the modulation choke.

The performance of this unit is so superior
to most other transceivers that it is highly
recommended for the amateur.
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Two-Tube Commercial Transceiver
Circuits

@ Those who wish to design two-tube trans-
ceivers after the circuits adopted by manu-
facturers will find the following schematic
diagrams of practical interest. In general,
constructors are advised to follow the details
as close as possible to those given if good
results are to be expected.
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High-Output 6A6 5 Meter Transmitter-Receiver

® [t was previously stated that 5-meter
transceivers have many disadvantages, in-
cluding excessive receiver radiation, low out-
put when transmitting, poor sensitivity, high
receiver hiss level, and variation of trans-
mitter frequency with receiver frequency
shift. The unit here shown has a separate
transmitting RI° circuit, a common audio
systenmi, and separate receiver RIF circuits.
This permits the use of a RF stage which
increases sensitivity and prevents receiver
radiation. The transmitter frequency can be
set to some fixed value, and the output is
several times as high as that from a trans-
ceiver.

This transmitter-receiver is not much
larger than a transceiver, in spite of its being
a separate receiver and transmitter for 5-
meter operation. The receiver has a separate
quench frequency tube and associated con-
trols, thus the hiss level can be set at such a
low value that it is no higher than the ex-
ternal interference noise in most locations.
Regenerative RF amplification with regener-
ation control gives extremely high sensi-
tivity when needed. A Class B 6A6 modu-
lator supplies sufficient audio output to modu-
late the 5-meter oscillator at approximately
5 watts carrier output when a 300 volt plate
supply is available, Either an AC power
supply, or B batteries and a 6-volt storage
battery, can he used for portable or fixed
station operation. The B supply can be of
any value from 150 to 325 volts, much better
results heing secured with the higher values
around 280 to 300 volts.

A small magnetic loudspeaker is huilt into
a cabinet only 14 in. x 7 in. x 7% in. This
set has all of the best features of mobile or
medium power station units built into one,
and it can be highly recommended for general
5 meter operation.

Technical Notes

® The transmitter has a TNT push-pull os-
cillator with a 6A6 tube in a cathode bias
arrangement. A Class B 6A6 modulator is
driven by a 6A6 speech amplifier which de-
livers 8 to 10 watts output at 300 volts. The
microphone is an ordinary single-button type.

The same two 6A6 audio tubes serve as
an audio amplifier for the receiver when the
4-P-D-T. switch is thrown to the receive
pusition. The latter also switches the an-
tenna from transmit to receive. The 76 su-
per-regenerative detector is not self-quench-
ing, but uses a separate 76 interruption fre-
quency oscillator. The latter permits a set-
ting of the detector plate voltage to such a
value that the tube continues to super-regen-
erate, but with a very low hiss level. This
means that a great portion of the trouble-
some loud hiss or roar can be eliminated,

even when no station is tuned-in on the 5-
meter band.

The regenerative RF stage has a 6K7
metal tube, requiring less space and shorter
leads. A slight amount of regeneration ac-
tually gives some RF gain on 5 meters and
very weak signals can be received which
would otherwise be inaudible. A 954 acorn
RF tube will give more gain, but at a con-
siderable increase in cost, thus a compro-
mise was made in the form of the 6K7 tube.

The interruption frequency oscillator has
two small universal-wound coils in a small
shield can beneath the chassis. This oscilla-
tor functions at about 100KC and causes a
variation at 100 KC per second of the plate
voltage on the 76 detector. This variation
causes super-regeneration, with a gain of
several thousand times on weak signals.

FIG. 49.

Front View of High-Output 6A6 Transmitter-
Receiver.

Audio volume is controlled, in the receiver
only, by shunting a tapered 50,000 ohm con-
trol across the grid circuit of the first audio
stage. The microphone-to-grid transformer
carries the detector plate current through its
secondary when receiving; it should there-
fore be wound with sufficiently heavy wire
in order to carry approximately 5 ma.
push-pull pentode to dynamic loudspeaker
voice coil transformer can be substituted for
the “mike” transformer. The voice coil wind-
ing then becomes the microphone winding,
and the detector lead can be connected
through the switch to the center-tap, or to
the grid ends of the secondary. The loud-
speaker connects from one of the Class B
plates through a 5-mfd. condenser back to
a switch contact which disconnects it when
transmitting. This send-receive switch also
connects the B supply voltage to either the
transmitting 6A6 oscillator or to the detector
and RF stages.

The 6A6 oscillator draws from 30 to 60
ma., depending upon plate voltage and an-
tenna loading. The plate impedance is some
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value between 5,000 and 10,000 ohms and
the Class B output transformer should there-
fore have a total primary-to-secondary
turns-ratio of between 1.4-to-1 and 1-to-1.
The transformer shown was rated for a
5,000 ohm load out of a 6A6 Class B tube,
which would indicate a 1.4-to-1 ratio. The
class B input transformer can be any type
designed for a 6A6 or 53 driver into a 6A6
or 53 class B amplifier,

Construction

@ The sheet-iron can is 14 in. long, T in.
ligh and 725 in. deep, a standard size avail-
able from many radio supply houses. A 134
in, chassis depth is ample for the 4-P-D-T
switch, variable and fixed resistors and fixed
condensers.

insulators. The two corresponding vernier
tuning dials are of bakelite, thus a one-inch
front panel hole insulates the tuning con-
densers from ground. Other types of dials
would require an msulated coupling on the
tuning condenser shafts in order to prevent
RF noise, in one case, and a short circuit in
the other.

The 6K7 RE tube mounts horizontally on
a 4 in. x 5 in. No. 12 aluminum shield. The
latter has a Y4-in. lip bent at right angles
along the bottom so that a pair of 6/32 ma-
chine screws will hold it rigidly in place.
Shakeproof lock-washers should be placed
under all machine screw nuts if the set is
operated in mobile service. The RF stage
by-pass condensers, RIF choke and plate
coupling condenser mount directly at the 6A7
tube socket, with short leads to the alumi-

The 4-prong wafer socket for the power num sheet for a ground connection. .:\1]
cable and the insulated microphone jack are ground points are bonded together with
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FIG. 50—Complete Circuit Diagram of High-Output 6A6 Transmitter-Receiver.

mounted in the rear. The class B transform-
ers are placed in such a manner that space
is available for a 4 volt C battery for mi-
crophone supply. The separate mike battery
makes possible the use of either DC or AC
for the heaters without wiring changes. The
5-inch magnetic speaker is covered with a
metal screen grill behind a 4-inch diameter
hole in the front panel.

The two receiving 15 mmid. tuning con-
densers mount on small porcelain stand-off

28

hook-up wire and connected to the minus B
power socket terminal.

The RI' chokes are made by winding
about 73 turns of No. 34 DSC wire on a
3g-in. diameter bakelite rod. The detector
coil has 8 turns, ¥4-in, inside diameter, tapped
near the center, and the turns are spaced ap-
proximately the diameter of the No. 14 wire,
The RF coil is similar in construction, ex-
cept for the cathode tap, which is taken at
about 33-turn. The plate coil of the 6A6 os-



High Output Transceiver

cillator has 7 turns, $4-in. diameter, 1V3-in.
long. The wire for the coils should be No.
12, or preferably No. 10 copper. The 6A6
grid coil has 11 turns of No. 14 wire, Y5-in.
diameter, with a center-tap. This coil
mounts on small stand-off insulators be-
neath the chassis and the two grid leads
extend through the insulators directly to
the grid terminals on the isolantite socket
of the 6A6. This arrangement gives equal
and very short grid and plate leads to the
6A6 RF tube. The 6A6 RF tube and 76
detector hoth mount on isolantite sockets
above the chassis in order

The transmitter should be tuned to some
frequency within the 5-meter band between
36 and 60 megacycles by means of a wave-
meter or by checking it against another re-
ceiver. A diode tube field strength meter-
monitor should be available for checking
modulation. A single turn of wire in series
with a 6 volt pilot lamp makes a good tun-
ing indicator, in addition to the field
strength meter. The lamp, when coupled
to the 6A6 plate coil, should light up more
brilliantly when the microphone is spoken
into or energized hy a whistle. [airly heavy

to reduce the length of the
RF leads.

All coils are soldered to
their terminals so as to pre-
vent loose connections,
losses and noise. The two
antenna coils are made of
No. 18 insulated hook-up
wire and the coupling can
thus be varied for best re-
sults with different an-
tennas.

Operating Notes

® \When first testing the
receiver, the RF regenera-
tion control should be set
so that the value of screen
voltage is approximately
zero. The super-regenera-
tion control should be de-
creased in resistance until

a super-regenerative hiss is
audible in the loud-speaker.
The RIF control can then be
rotated until RF oscillation
takes place (without antenna), as indicated
by a sudden cessation in hiss output when
tuning the RF dial across its scale. When
actually operating the receiver with an an-
tenna, the RI° regeneration control should
never he set to the point of RF oscillation.
A check on the operation of the RF stage
and its tracking qualities with the detector
tuning dial can be secured with the oscilla-
tion test just described.

A little practice is needed to operate the
receiver for maximum sensitivity, because it
has two tuning dials and two regeneration
controls. For normal operation the RT stage
tunes very broadly, and the RF gain control
need not be set to its critical position. The
detector super-regeneration control should
always be set to a position where it will
maintain a low degree of hiss level when no
signal is received. The RF stage prevents
radiation of super-regencration squeals from
the detector circuit and therefore serves a
good purpose: careful tuning of the RF
stage will give a decided gain in receiver
sensitivity on weak signals.

FIG. 51—Looking Into the High-Output Transmitter-Receiver.

antenna coupling is essential for best results,
The modulation percentage is greatest at a
point where the RF current in the antenna
begins to drop slightly on steady carrier, due
to close coupling to the antenna feeder. The
lamp indicator will also show a greater vari-
ation in RF current when modulating with a
heavy antenna load. The spacing of the
grid coil turns, and the value of the cathode
resistor, both affect the degree of modulation
for a given degree of antenna coupling.

The antenna coupling system is suitable
for a spaced two-wire RF feeder, a single-
wire feeder, or to a concentric feed line. The
latter is of especial henefit for automobile
installations, and is also hest from a stand-
point of minimum noise pick-up at fixed sta-
tions. The antenna can be a vertical half
wave Y-fed wire or rod, about 8 feet long.
or a “J” type. A directional array will give
better performance than a single element
half wave antenna. For automobile installa-
tions the antenna can be 4 feet long, with
the inner conductor of a concentric line feed-
ing the lower end of the {-foot insulated rod.
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Resistance-Coupled 5-Meter Super-Heterodyne

® One of the most widely imitated Jones
developments is the simple 5-meter resist-
ance-coupled super-heterodyne shown in Figs.
52 and 53. The receiver has four tubes; a
6C6 autodyne detector, two stages of resist-
ance-coupled IF amplification with 6Dé6
tubes, and a 76 triode sec-
ond detector. The values
of resistors and condens-
ers in the IF amplifier are
correct to bypass the
intermediate frequencies
only; the coupling con-
densers and resistors are
too small in value to pass
audio frequencies. The
response curve of the am-
plifier is quite broad in
order to receive 5-me-
ter phone signals.

All of the .0001 mfd.
condensers should be of
the mica “postage-stamp”
variety. The resistors can
all be 5 watt in rating.
The 500,000 ohm screen
control potentiometer in
the 6C6 detector stage
should be advanced only
to the point where the
detector oscillates weakly,
and never to the point of
howling or super-regener-
ation.

The coupling between
the antenna coil and the
first detector should be
adjusted for best weak-
signal reception. Too
much coupling to a reso-
nant antenna will prevent detector oscillation
and proper super-heterodyne action. In
tuning the receiver dial, it will be found that
all 5-meter signals will have two points on
the dial, very close to each other, because
the detector functions in a simple autodyne
circuit,

. oA

7-Tube Resistance Coupled
Super

® When loudspeaker reception is demanded,
together with somewhat better sensitivity,

FIG. 52—The Complete 5-Meter Super-Heterodyne.

the larger receiver illustrated in Figs. 54
and 55 will give adequate satisfaction. A re-
sistance-coupled I amplifier simplifies the
construction of the set. A semi-tuned RF
stage isolates the autodyne first detector from
the antenna circuit. This RF stage resonates
at the low-frequency end of the 5-meter hand

oooc 608 oo'oc 8D6 iioc
b
3som Z250M soM
2 3
= 3 ‘I
Y -
> c
Wi T 5 5 S
_Lsoom 3 (
I a00n
' 5
|| N
ot i [ L
'L -
LSO G L S E L 1OM  RFC-75T N? 34 DSC- 3 FORM
Lz-e7 * "~ "
SPACING BETWEEN Ly & L2 - 1000 OHMS J
e 4 10 + INcH = >
6 v +13sv = +asv

FIG. 53—The Extremely Simple Circuit Diagram of
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7-Tube 5 Meter Superheterodyne

FI1G. 54—Frank Jones’ 7-Tube

by means of a variable antenna coupling con-
denser and resonant grid coil, This coil, L1
in the circuit diagram, is made of 16 turns of
No. 16 enameled wire, 34-in. diameter self-
supported. The length of the coil is varied
until greatest sensitivity is obtained at ap-
proximately 55 megacycles for a medium ca-
pacity setting of the antenna coupling con-
denser. The RF plate-to-first-detector cou-
pling condenser should be adjusted to a point
which does not prevent oscillation in the first
detector. The semi-tuned RF amplifier sim-
plifies the receiver and prevents interlock be-
tween the oscillating first detector and RF
grid circuit. Interlock can be defined as the
action which takes place when the two tun-
ing circuits react upon each other, making it
difficult to align the circuits.

The second detector functions somewhat
like a Class B tube, in that grid current

AFC - ABOUT 73 TUANS P34 DSC 3 DIAM

Le= SEMI=-TUNED  GRID COIL

L2-0 TuUmE w7 4 ENAMELED  DiAw,
M= 2000 OMMS

5-Meter Superheterodyne Circuit.

starts to flow as soon as a signal is im-
pressed. Detection is obtained in this tube
and amplified by another type 41 tube con-
nected as a pentode audio amplifier. The
rectified grid current provides semi-AVC
action, the voltage of which is fed back to
the grids of the IF amplifiers.

The set is built on an 18 in, x 17 in. x
1%4 in. chassis, made of 12-gauge aluminum,
A standard 7 in. x 19 in. relay-rack is the
front panel. All resistors are of the 1-watt
size, except the power supply bleeder resistor,
which should be rated at 35 watts. The .0001
mfd. condensers are of the small mica type,
the other condensers are of the 600-volt pa-
per variety.

The power supply rectifier circuit includes
a 700 volt center-tapped transformer, a 20
henry 80 ma. filter choke, and a 2500 ohm
loudspeaker feld,

i
277

FIG. 55—The 7-Tube 5-Meter Super Should Be Laid Out as Shown in the [llustration Above.
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FIG. 56—Looking Down Into the 5-Meter Super. The RF Coil Is Mounted Horizontally to
Permit Use of Very Short Leads. An Aluminum Shield Isolates the RF Stage From the
Detector.

8-Tube 5-Meter Super-
heterodyne

® By incorporating regeneration in either
the RF or first detector stage of a super-
heterodyne, the sensitivity can be increased
from 5 to 50 times. A regenerative first de-
tector is used in preference to a regenerative
RF stage in order to eliminate antenna tun-
ing dead-spots,

The choice of a suitable intermediate fre-
quency and the degree of coupling in the IF
transformers depends upon the received band
width. If modulated oscillator type phone
reception is desired, the IF amplifier should
pass a band at least 30 kilocycles wide. The
IFF transformers in this receiver were de-
signed with this purpose in mind. They are
made by winding 120 turns of No. 34 DSC
wire, jumble-fashion, on 3g-inch diameter

.
Lute + -te L

4
FIG. 57. S0
>

E,

5. AC

Legend for Frank C. Jones’
S5-Meter Superheterodyne. i

L1 and L2—Each 1Y in. Long, 7 Turns, No. 14 Enameled Wire, ¥; in. Dia. L3—1 in. Long.

7 Turns, No. 14 Enameled Wire, 1/ in. Dia. Cl, C2, C3—100 uufd. Double-Spaced Variable

Condensers, With Only 7 of the Original Plates Remaining. Maximum Capacity of

These Re-built Condensers to Be About 18 uuid. LF. Transformers Tuned to Approxi-
mately 2,000 KC.
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5 Meter Regenerative R.F. Receiver

tubes, two of these windings being required.
EZach winding is 38-inch long, and there is a
space of 14 inch between the two coils. The
coils are tuned with mica trimmers which
are an integral part of the original 465 KC
transformers. The 465 KC windings are re-
moved, and the new windings put on the
form, The IF amplifier is aligned to 2.7
megacycles by means of an all-wave test os-
cillator,

All 5-meter coils are supported on small
stand-off insulators, close to the tuning con-
densers. The RE tube is mounted in a hori-
zontal position in order to provide a short
plate lead to the detector tuned circuit. The
RI" chokes in the oscillator and RE stage
are made by winding 75 turns of No. 34
DSC wire on a 34-inch diameter bakelite
rod. A type 75 tube serves as a diode de-
tector, AVC tube, and first stage audio am-
pliier. Loudspeaker operation is from a
type 42 pentode audio amplifier.

The chassis is No. 14 gauge aluminum, 9
in, x 17 in. x 134 in, mounted behind a
standard 7 in. x 19 in. relay-rack panel. A
separate dial tunes the oscillator, although
it is possible to gang all three tuning con-
densers to one dial by using a wider chassis.
Either capacitive coupling to the antenna, as
shown, or the same condenser connected to
ground as a padder and inductivelv coupled
to the antenna, will give satisfactory results.
Inductive coupling will reduce ignition in-
terference if a twisted-pair lead-in is con-
nected to a half wave antenna.

S5-Meter Regenerative RF
Receiver

@ lixtremely high sensitivity is obtained
when a 954 Acorn regenerative RF stage is
connected ahead of a super-regenerative de-
tector. A\ separate interruption frequency
oscillator, a 6C5 tube, provides a type of
super-regeneration in the 955 detector which
can be adjusted to operate with very low
hiss level. A 6F6 serves as an ordinary
pentode amplifier of conventional design.
Regeneration in the RF stage makes the
receiver more sensitive to weak signals and
also improves the selectivity. A cathode tap
on the RF tuned circuit coil provides regen-
eration which is controlled by means of a
253,000 ohm potentiometer. The degree of
super-regeneration in the detector is con-
trolled hy means of another 25,000 ohm po-
tentiometer. Audio volume is controlled by
a 500,000 ohm potentiometer in the 6F6
audio amplifier, and either headphone or
loudspeaker operation can he had at will.
The chassis is 6 in. x 9 in. x 2 in., with a
shield partition in the center which supports
the two Acorn tubes and shields the RF from
the detector stage. The RF tube extends
through this partition. Separate tuning con-

trols permit exact tuning of the RF stage
at the peak of regeneration. Small tip jacks
are mounted in hard rubber panels for plug-
ging-in the coils. The disadvantage of two
separate tuning controls is more than offset
by the great sensitivity which can be ob-
tained by careful adjustment of RIF regen-
cration and tuning.

FIG. 58—Front and Rear Views of U.HF.
Receiver With Metal Tubes and Regen-
erative RF Stage.

The correct value of the fixed condenser
in_shunt with the interruption frequency
grid coil (labeled .0005 and connected across
the I.LF. OSC. COILS in the circuit) depends
upon the particular make of coils. Standard
interruption frequency coil units are avail-
able from radio dealers, and it is desirable to
purchase these coils ready-made because they
consist of many turns of fine wire, honey-
comb wound.
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FIG. 9.

Complete Circuit Diagram. Con-
stants for 5-Meter Operation:
L1—10 Tums. No. 12 Tapped at

1 Tumn.
L2—10 Tums., No. 12, Center-

Tapped. e
For 2l/-Meter Operation: \ __P"“
Ll—4 Tums, No. 12, Tapped at \ L L —
1 Turn. N T G - Poves
L2—4 Tums, No. 12, Center- \E T f 2

Tapped.
R-F Chokes: 75 Tums,
DSC, 14" Dia.

No. 28

Parallel Rod Oscillators

® Push-pull oscillators of the type shown
in Figs. 60, 61 and 62 give good frequency
stability in ultra-high-frequency transmit-
ter circuits. The parallel grid rods act as a
high “Q” circuit for frequency control. The
plate parallel rods are tuned to resonance by
sliding a shorting-bar along the rods to a
point which gives lowest plate current. For
5-meter operation, the grid rods are 415 feet
long and the grids connect to each rod %
to 14 of the way up from the shorted end.
Since the shorted end has no RF voltage,
these rods can be supported in holes bored
into a wood block.

PARALLEL RODS
Bl
il n
i\
1!
] L
0
! !
. | ass
( - SLIGHT
| ] \'
1 A ’¢l-‘ A

SHORTING BAR =

A parallel rod oscillator can be plate-
modulated without excessive frequency mod-
ulation, as shown in Fig. 62.

High Power M.O.P.A.
Transmitter

® Power output of 250 watts can be secured
on 5-meters with the M.O.P.A. transmitter
shown in Fig. 63. A stabilized 50-T oscil-
lator is link coupled to a neutralized push-
pull 50-T amplifier. Tubes with low inter-
electrode capacities function satisfactorily
in this circuit. Frequency stability in the os-
cillator is obtained by a critical value of RF

%" DIAM  sEPARATED "
SHORTING BAR
LY LESS THAN = —=
|
= RFC
" v
_______-.tk-——&z__.'jm‘
e . =
MODULATOR

INSULATING
STRIP

FIG. 60.
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Low P.F. Line Oscillator

feedback to the grid circuit. Mechanical
rigidity is also necessary. Correct ratio of
condenser plate spacing in the oscillator will
provide a circuit having good frequency
stability over a fairly wide range of plate
voltage. Somewhat better frequency stabil-
ity can be obtained in the oscillator portion
by means of concentric pipe oscillators,
similar to the one described elsewhere for
215 meter operation.

=

oot

ANT
45 S :} TECDENS
I "
pd
cos /
1 X nre
:
r
FiL, RF7 CHOKRES
FOR BELOW SMETCAS
o000 30T NO 14 {fp" ClAm
L i
= 800 &
1L (X3
| =
tasy t

FIG. 61—Parallel-Rod Oscillator Circuit.

Crystal control can be applied by means
of the Jones 4-6A6 Exciter, operating in con-
junction with a 35-T doubler and 33-T buf-
fer. Type 50-T tubes can be crystal con-
trolled on 3 meters in this manner, if an
additional 35-T doubler is added to the cir-
cuit,

For 5-meter operation, the amplifier plate
tuning condenser consists of two aluminum
plates, No. 12 gauge, 3 in. square, mounted
1 in. apart. A grounded plate is placed mid-
way hetween the two other plates. The neu-
tralizing plates are 1 in. x 1% in. pieces of
No. 12 gauge aluminum, separated nearly
V2 in. Fig. 63.

The oscillator condenser is made of three
parallel plates of No. 12 gauge aluminum,
also mounted rigidly on stand-off insulators.

The two plates across the coil are 4 in, x
4 in., and the grid coupling plate is 3 in x
4 in. Tuning is accomplished by varying
the length of the coils and the plate spacing
of the tuning condensers. These adjust-
ments are not easily made, therefore opera-
tion should always be on a fixed frequency.

Low P. F. Line Oscillator

® Large diameter pipes, a quarter wave long,
are a practical means for stabilizing the fre-
quency of u.h.f. oscillators. RCA has been
using these “pipe lines” for frequency con-
trol in preference to a quartz crystal oscilla-
tor over the range of from 7 to 500 mega-
cycles. Castings and heavy pipes are utilized
in commercially-built lines, and temperature
compensation is secured by means of a semi-
tlexible metal bellows and invar-rod within
the inner pipe.

The construction can be greatly simplified
for amateur operation below 10 meters. The
complete copper concentric line for a 27;-
meter oscillator can be built in a sheet metal
shop for less than $5.00. This is only a
fraction of the cost of a crystal control unit,
yet comparable results can be obtained.

Crystal oscillators provide good frequency
stability because of their relative “stiffness”
of circuit constants. The circuit “Q” is
much higher than can be obtained with a
variable condenser and coil. Similarly, the

VA

cffective Q = ——, proving that oscillatory-
W

energy-to-power-loss is very high in a con-
centric line of the proper size. The “Q" is
inversely proportional to the square-root of
the pipe material resistivity, therefore the
use of copper is desirable. The “Q” is pro-
portional to the square-root of the frequency,
consequently the lines become more effective
at 2% meters than at 5 meters, The “Q”
is proportional to the diameter of the pipes

42 02 76

R3 1

|
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R1—15,000 ohms, 10 watt.

15 VAC

L

Meter Transmitter.

F1G. 62—Circuit Diagram for the Complete 2!/,-

R2—300 ohms, 10 watt.
R3—500,000 ohm variable pot.
R4—2,500 ohms.

R5—100,800 ohms.

R6--500,000 ohms,

R7—10,000 ohms, 10 watt.

L1—5 turns, No. 18, 1" long, %° dia.
RFC—30 turns, No. 22, %" dia., self-supporting.
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for a given ratio of diam-
eters. The outer pipe is
often made 2 ft. in diameter,
the inner about 6 inches for
5 meter oscillators. The
length of the inner pipe
should be 74 wavelength and
the outer pipe should con-
nect to the inner at one end
by means of a copper plate

or casting, and the open end
extends a few inches beyond
the inner pipe.

The pipe or line oscillator
illustrated in Figs. 64, 65 and 66 should have
a “Q” of nearly 8,000 at 215 meters, which
is high enough to give excellent frequency

=
-’ 3
4
#

Y

3

F1G. 64.
Low Power-Factor Line Oscillator.
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FIG. 63—High Power M-O-P-A Transmitter.

stability. The tnmer pipe is made of 1V3-in.
diameter copper tubing, about 27 in. long.
Two-inch diameter tubing would be even
more satisfactory. The outer pipe is made
of 16-o0z. sheet copper, from a piece 30 in. x
24 in- The diameter of the finished pipe is
7% in. The average sheet metal roller equip-
ment will handle lengths up to 30 in,

One end of the pipe is soldered to an 8 in.
x 12 i, x 18 ga. piece of sheet copper. A
1%4-in. diameter hole is punched in the cen-
ter in order to pass the inner pipe; the hole
is then carefully reamed to a diameter of
1% in. in order to give a tight sliding fit
of good contact to the inner pipe. Waxed
linen cords are wrapped around the free end
of the smaller pipe, which is then centered
in the larger pipe by three small holes in
the outer pipe (not shown in the photo-
graphs) through which the waxed cord is
passed and knotted.

FIG. 65.
Close-Up of Line Oscillator Components.

A wire connection to the inner tube is
made at 5 in. to 6 in. from the closed end,
which in this case is 8 in. from the actual
end of the 27-in. tube. 24 in. to 25 in, of
actual inner pipe length (inside the large
pipe) is approximately correct for the 2V4-
meter band,

A 35T is used as a regenerative Hartley
oscillator in a low C plate-tuned circuit,
shown in Fig. 66. A small variable con-



Spiral Rod Oscillato

denser could be connected
across the plate coil for
convenience in tuning, but

o
with a reduction in the T
L-to-C ratio. Frequency \,

control is due entirely to ~—

the large low-power fac-
tor line which comnects

TOP VIEW SHOWING
\* POSITION OF PIPES
\

!

,‘\ 30" X 24" PIECE 160z

COPPER SHEET FOAMED INTO
A PIPE 30" LONG & 7Y%’ olau,

/

across the grid and fila-
ment of the oscillator
tube. Regeneration (and
plate tuning, to some ex-
tent) is varied by means
of a 15 mmfd. grid ex-
citation condenser. The
capacity of this condenser
should be varied until the
tube oscillates (under
load) over a range of
pipe lengths. The plate
current is relatively low
when the proper adjust-
ment is found. When
the adjustments are not
correct, the plate cur-
rent is two or three times
as high, and the hetero-
dyne note against a stable
oscillator’s harmonics will
vary greatly with changes
in plate voltage. The
plate voltage can be
varied 50%, up or down,
with hardly a perceptible
change of beat note when
the circuit is properly ad-
justed. The entire trans-
mitter should be suspend-
ed on a shock-absorbing system in order to
prevent vibration, otherwise the frequency
stability will be impaired. Without tem-
perature control, the frequency drifts quite
rapidly out of the range of audibility in the
harmonic monitor for a few minutes during
“warm-up” time. The 35-T can bhe plate-
modulated without appreciable frequency
modulation, as could be determined on a
fairly-selective super-heterodyne receiver.
The plate coil consists of 8 turns of No. 12
wire, 34 in. average diameter, and wound
to cover a length of 124 in. The tap is
made at 3} turns from the grid end. An

or 2
2z

8T N242 wire %4 DIAM
1%" LonG TarpED 3% Turns
FROM GRID END
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OSCILLATOR

absorption wavemeter can be used to tune
the oscillator to 214 meters as a preliminary
adjustment with the concentric line discon-
nected.

The efficiency apparently runs quite high:
values of 50% can be obtained. At a plate
potential of 300 volts, plate current was 25
ma.: at 700 volts, 35 to 40 ma.; at 1000
volts, from 73 to 90 ma. under load, in labor-
atory tests.

This type of frequency control line is su-
perior to a parallel-rod oscillator with small
pipes.

Spiral Rod Oscillator

@® A standard push-pull parallel rod oscil-
lator can be coiled into a spiral, as shown
in the illustration to the right, in order to
conserve space. The spirals should be rig-
idly supported with high-grade insulation so
as to prevent mechanical vibration. Adjust-
ments are the same as for a conventional
parallel rod oscillator. 400 watts input can
be supplied to the 35T spiral rod oscillator
here shown.




Jones Ultra-High-F requency Hand book

Factory-Built U.H.F. Sets

® There is nothing very unusual in the design
of factory-built 5-meter sets because they
conform to standard practice and the circuits
are almost identical with those so widely
used by amateur constructors. Only those
who have long engaged in u-h-f manufac-
ture have been successful in marketing their
products because the engineering of a 5-meter
set calls for more than ordinary experience
and knowledge. On the several pages that
follow, a number of the better-known factory
products are shown. Those on this and the
facing page are manufactured by Radio
Transceiver Laboratories of Richmond Hill,
New York. The photographs to the right
show the RTL—"Compact” (top), and (be-
low) the PTR-r9 Pack Transmitter Re-
ceiver. The photo to the left, at the top
of the circuit diagram, shows the TR-33-
6.16 Duplex Transmitter-Receiver.

Ca
F—»Anr ANT
| LJ 4
Ry 30 | L3 Re i PTR=-19

<
& < PACK 19 — 1 ‘e A,
e ¢ Cs TRANSMITTER e\ v
wre RECEIVER —
s

5 Legend:
o _, | (30-40 me only)
1 4 Li<L2—9 turns, No. 12,
— i %" dia., spaced one
a
L3—4 turns, 1"" copper
L - tubing, 2°
| E— N @ Cl—I15 mmf, C2—I100 mmf. C3—.004 mld C4—~50
A- - 3 mmf, C5~0.1 mfd, C6—~35 mmf. C7—40 mmf. RI—
Az [cone T | 500 ohms, w. w. R2—500.000 Pot. R3—I10 ohms.
- — = ¢ w, w. R ,000. R5—500,000. RG—400, N
= -] R7—40 ohms, w. w. R8—100,000 ohms.
L S — —J Ti—UTC HA—I100 Univ. Input.
sy T2—UTC HA—7994 Class B (nput.
- T3—UTC HA—7995 Class B Output.
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R.T.L. U.H.F. Circuits

Circuit Diagrams of Factory-Built 5-Meter Sets
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Factory-Built U.H.F.
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@ The tube complement for this transceiver
consists of two RCA-19 twin-triodes and one
RCA-30 triode, connected as shown in the
circuit diagram above. The transceiver is
housed in a small case, equipped with a han-
dle, so that it can easily be carried from

place to place.

@® Another transceiver circuit is shown he-

low. It is the Wholesale Radio Company’s
“Transceptor” designed by IFrank Lester,
W2AM]J. In the transmit position, the type
19 tube in the lower portion of the circuit
acts as a unity-coupled push-pull RF oscil-
lator. I‘or receciving, a separate antenna is
connected to the first type 30 tube which
functions as a self-quenching super-regen-

erative detector.
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Low-Power Portable Transceiver

Forest Service Transceiver

® Built into a compact carrying case, 6
inches wide, 9 inches long and 7 inches deep,
the Forest Service Transceiver, pictured
to the right, is one of the smallest factory-
made portable units for w.h.f. service. Minia-
ture dry batteries are housed in the carrying
case, and in spite of their small size they
will give approximately 8 hours continuous
service. A 4-P-D-T anti-capacity switch
changes the circuit from send to receive.

Two-volt tuhes are used, a type 30 and
a 49. The circuit diagram shows the values
of condensers, resistors, etc. Coils Lt and
1.2 are the same as those for home-built
transceivers shown elsewhere in these pages.
The coils are “air supported” and wound
with heavy enameled wire. A 15 mmfd.
midget variable condenser is mounted di-
rectly below the coils. The antenna is ca-

WESTERN
WIRELESS
TRANSCEIVER

" EIE)
é .
’3!2 -vl.'j:}i:__- B
, il
nllr l l ’I*l.v‘;‘"‘ J
B- A- A4 B+ 90V

Circuit for Forest Service Transceiver.

pacitively coupled through a .002 mid. mica
fixed condenser, mounted above the coil.

The front panel of this transceiver is of
cast aluminum. A through-panel porcelain
insulator carriers the antenna lcad through
the panel and to the coil. The antenna is
comiected to a binding post which can be
seen in the photograph of the complete trans-
ceiver. The other controls on the front
pancl are the condenser tuning knob and

the 4-P-D-T switch handle. A small car-
bon microphone and a pair of headphones fit
into the compartment to the far right of the
carrying case.

From the circuit diagram it is seen that
the type 30 tube acts as a super-regenerative
detector in the receive position, or a modu-

Carrying Case, Showing Compartments for
"A"” and "B” Batteries. “"Mike” and Phones.

lated oscillator for transmitting ; the 49 tube
serves as a tetrode audio amplifier for re-
ceiving, and a modulator tube for transmit-
ting. Transformer T1 serves the dual pur-

The Chassis. A 7!;-Volt Miniature Battery
Is Mounted Behind the 49 Tube.

pose of a modulation transiormer for trans-
mitting, or an output choke for receiving.
The RF choke is a conventional 5-meter
type.
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High Power 10 and
5 Meter
Power Amplifier

® A\ good mechanical layout
for a high-frequency final am-
plifier with a standard neu-
tralized push-pull circuit is
shown in the photograph, Fig.
69,

The grid and plate leads
are very short and direct, with
the result that the amplifier
can be used effectively on 3
meters, as well as 10 and 20
meters. The tubes are type
HF-200, with the plates at the
top and the grids at the side,
making for short RF connec-
tions throughout. The 10
meter coils consist of 10 turns
of No. 8 copper wire, 2 in.
diameter, wound to cover a
length of approximately 4
inches. The 5 meter coils have
7 turns of No. 8 wire, 1-inch
diameter, 4 inches long. Thesc
coils are mounted on standard

Johnson 4-inch glazed porce-
lain antenna spreaders. Coil
plugs are secured to these
spreaders by means of 6/32
machine screws. Center-tap
connections to all coils are made with flexible
leads and clips. A one-turn coupling link,
214 inches in diameter, is wound around the
center of grid coil and this link is fed with
a twisted line of No. 8 rubber covered wire.
This amplifier can be driven by a HF-100
RF stage.

The tfinal plate tuning condenser is an

D

N—"
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FIG. 69—High Power 10 and 5 Meter Amplifier with

HF-200 Tubes in Push-Pull.

Audio Products Type WS-1502035, having
a maximum capacity of 35 mmid. per sec-
tion. The grid tuning condenser is the new
high-frequency Cardwell split-stator type.
The neutralizing condensers consist of two
machined aluminum plates, %4-inch thick,
215 inches in diameter, with an adjustable
gap which is varied by means of a machine-
screw threaded rod.

-
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Practical 6-Band Exciter
5 to 160 Meter Operation

® Oue of the greatest difficulties encountered
by the experimenter is the design of a crys-
tal-controlled exciter from which several
watts of output can be secured in the 35-
meter band without resorting to costly and
special tubes. Outputs of from 3 to 5 watts
are obtained on 5 meters, and from 5 to 7
watts on 10, 20, 40, 80 and 160 meters from
the simple exciter illustrated here for the
first time. It was designed by Jones and
first demonstrated to the radio amateurs at
the 1936 Amateur Convention in Qakland,
California. Its presentation aroused more
interest than any exciter previously shown,
because it operates on four bands from a
single crystal. For example, the unit shown
in the photograph operates on 40, 20, 10 and
5 meters from a 40 meter crystal. There
are no neutralizing problems to cope with,

mere throw of a toggle switch. All four
stages are first tuned to resonance for maxi-
mum output, after which no major retuning
of any stage is necessary. Normally, the
tuning dials can be left in one position at
all times.

The exciter is a completely self-contained
unit and it will serve as a driver for any
phone or c-w transmitter because the plate
supply has a two-section filter with negli-
gible hum in the output. Furthermore, it
occupies only as much space as is available
for a standard 19 in. x 7 in. relay rack
panel, with a chassis pan 17 in. x 11 in,
x 134 in.

The coil design is extremely simple be-
cause each coil consists of only a single
winding in the plate tuning circuit, with a
two turn coupling loop wound on the same
form slightly below the bottom turn of the

inexpensive  receiving tubes are used
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FIG. 70

throughout, a pair of terminals for connect-
ing the coupling link to the exciter and
single-pole toggle switches connect or dis-
connect the output from any stage without
appreciable detuning effects. Thus it can
be seen that operation on 40, 20, 10 or 5
meters can be secured without change in the
coupling to the buffer stage, and the chosen
frequency of operation is determined by the

plate winding. The coupling to the buffer
stage can be easily varied by moving the
coupling turn (or turns) closer to, or
farther away from, the node of the grid
coil. The node of the plate coils in the
exciter is at the positive B ends of the
tuned plate circuits (bottom of plate coil
windings). The small mica .00005 (50
mmid.) fixed coupling condensers con-
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nected between plate coils and grids of the
doubler stages are mounted above chassis
hetween socket terminals or lugs. All tube
and coil sockets are supported about 34 in.
above chassis. A large hole is punched di-
rectly under each coil and tube socket in
order to facilitate wiring connections. All
of the plate tuning condensers are insulated
from the metal panel with fibre washers of
the type that have protruding collars, so
that the condenser shaft will not short-cir-
cuit the plate supply to the chassis. The
rotor of cach tuning condenser should con-
nect to the positive B side of cach circuit,

FIG. 71
Top View of 6-Band Exciter

Each stage is individually hypassed to
ground, directly at the coil or tube socket,
resulting in greater stability and efficiency,
especially on 5 and 10 meters. These by-
pass condensers are 600 volt paper tubulars,
mounted under the chassis. The metering

86666,

® S 5 ® v 8 s @ v 8

L)

)

FIG. 72
Front View of Exciter and Coils

jacks are not insulated from the metal
panel because the sleeves connect to ground.

An analysis of the circuit diagram shows
that the doublers are straight-forward
high-mu circuits with the grids and plates
of the 6A6 tubes connected in parallel.
Parallel operation results in approximately
twice as much output as can be obtained
with a single section of a 6A6, and this
method of connection has proven satisfac-
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tory even on 5 meters. The grid drive from
each succeeding doubler stage is sufficient to
bias each stage to several times cut-off, re-
sulting in high doubler efficiency. A com-
bination of grid-leak and cathode bias is
provided.

In order to simplify the design of the
crystal oscillator, a 42 tube was selected.
This tube can be used as a high-mu triode
in a regenerative crystal oscillator circuit.
A 6A6 with grids and plates in parallel
would give more oscillator output, but the
crystal RF current is excessive when the
plate potential is more than 300 volts. A
push-pull 6A6 crystal oscillator would also
require a split plate coil, and such a cail
cannot be easily coupled into a single grid
circuit.

Regeneration in the crystal oscillator in-
creases the output, and with less crystal
current than in any other standard circuit

FIG. 73

Under-chassis View, Showing Placement of
Resistors, Condensers, Coupling Link Line
and Switches.

with the same tube. Regeneration is pro-
duced by means of a non-critical RF choke
in the cathode circuit, by-passed to ground
with a .0001 mfd. mica fixed condenser of
the postage-stamp variety. The RF choke
can be any standard small receiving type
with an inductance of approximately 2 mh.
The size of the cathode by-pass condenser
depends upon the type of tube in the crystal
oscillator circuit; for this particular circuit
a .0001 mfd. mica condenser is correct. Other
tubes may require a condenser as large as
00025 mfd. The tuning of the regenerative
oscillator circuit is not critical and there is
no sclf-oscillation when the crystal is re-
moved. The circuit is tuned for maximum
output. It can be loaded more heavily than
a non-regenerative oscillator without loss of
oscillation. The output of the crystal oscil-
lator can be increased at least 50% with the
regencrative circuit here shown.

The cathode of the crystal oscillator can
be keved for c-w or break-in operation.

Link coupling terminals are at the rear
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of the chassis deck between the rectifier tube
and swinging choke. The power supply re-
quires a power transformer that will supply
approximately 400 volts output at 250 milli-
amperes. A 1000 volt center-tap winding
rated at 150 milliamperes RMS is satisfac-
tory. This transformer should also have a
5 volt rectifier filament winding and a 6.3
volt heater supply for the RF tubes. Swing-
ing-choke input gives good voltage regula-
tion when keying the oscillator, or when one
or more stages are cut out of operation by
means of an open-circuit plug in the cathode
jack.

The constructor is advised to build the
entire unit at one time, then plug each suc-
ceeding coil into its proper place after the
preceding stage has first been tuned to res-
onance and functions properly. The oscil-
lator cathode current will be between 40 and
G0 milliamperes, depending upon the external
load and plate supply voltage. Each doubler
circuit will draw between 55 and 75 milli-
amperes, depending upon the external load.
These values should not be exceeded.

A flashlight globe and single turn of wire
provides a convenient method for tuning
cach doubler circuit to resonance.

The band selector toggle-switching ar-
rangement effectively places the link circuits
in parallel when more than one switch is
thrown to the “ON” position at one time.
The idling stages should not be detuned.
Each coupling link connects through a
twisted-pair with a switch in one side. thus
completing the circuit to the output stand-
off insulator connectors. All of these link
circuit wires are run either parallel or

Coil Winding Specifications
All coils, except the 5 meter coil, are

wound on standard five prong 1! in.
diameter low-loss plug-in coil forms.
The 5 meter coil is wound on a 1} in.
diameter ceramic S-prong plug-in form.
Coils for 160, 80, 40, 20 and 10 meter
operation have a 2-turn winding at the
bottom of the form. This 2-turn winding
is the coupling loop. and the ends of
the loop are connected to two of the
nrongs on the coil form. The pictorial
drafting (Fig. 74) shows a complete
group of coils for 40, 20, 10 and 5 meter
operation with a 40 meter crystal in the
oscillator stage.

160 Meter Coil: 60 turns, No. 24 DSC,
close-wound.

80 Meter Coil: 30 turns, No. 18 DSC,
close-wound.

40 Meter Coil:
space-wound
of 112 inches.

20 Meter Coil: 8 turns, No. 18 DSC,
space-wound over a winding length
of 11/, inches.

10 Meter Coil: 34 tums, No. 18 DSC,
space-wound over a winding length
of 1 inch.

§ Meter Coil: 13 to 2, turns, No. 18
DSC, spaced approximately 34 in.
between tums. Some readjustment
of this spacing may be necessary in
order to permit the plate tuning con-
denser to resonate the circuit.

16 turms, No. 18 DSC.
over a winding length

—
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twisted together throughout the system in
order to prevent absorption losses or coupl-
ing into other circuits.

The cathode resistors are soldered to the
metering jacks. The grid resistors are of
the wire-wound type, thus there is no need
for RF chokes in the doubler circuits. The
grid resistors are mounted under the chassis,
below the tube sockets, as the photograph
shows. The two 8 mid. filter condensers
are also below chassis. Either a type 83 or
83V rectifier can be used in the power sup-
ply. A switch is connected in the center-
tap lead of the high voltage winding and
plate voltage is not applied until the heaters
of the tubes have first reached their normal
operating temperatures. A 6-volt pilot light
is at the extreme right, bottom end, of the
panel: it denotes whether the main power
switch is on or off.

If the band selector switching arrange-
meni seems too complicated to the novice,
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merely couple a two-turn loop of push-back
wire over the positive B end of the stage
from which the output is to be taken. All
doubler stages should be tuned to resonance
as indicated by mininum cathode current, no
matter from which stage the power is being
drawn. If any onc of the stages is detuned
(with RF grid excitation applied), its plate
current will be excessive, resulting in dam-
age to the tube.

The output on 5 meters from this exciter
should be sufficient to drive a pair of 61.6G
tubes in push-pull, or a single 801, 802,
RK25, or a 35T as a medium-power buffer.
More output is secured on the other hands,
and the same buffer tubes can be driven to
somewhat higher efficiency. At longer wave
lengths, a type 10, 45s, or 2A3s can be used
for buffers. Screen-grid pentodes, such as
the RCA-803 and 804, or Raytheon RK-20
and RK-28 can be driven hv this exciter.



Antennas for Ultra High

Frequency Operation

® The fundamental principles of antennas for
wavelengths below 10 meters are no different
than those discussed elsewhere for short-
wave operation. The physical size of these
antennas is such that they are economical to
construct and they can easily be made port-
able. In the ultra-high-frequency field of
communication the direct, or ground wave
is used; for this reason the transmitting and
receiving antennas are generally in visual
range ot each other. It is therefore neces-
sary that the antennas be located as high
above ground as possible. Low angle radia-
tion is necessary and antennas which are
particularly effective for this purpose should
always be used. The earth reflects the
ground wave upward, somewhat like the
effect which is created by a body of salt
water which pushes the somewhat longer
wave in an upward direction. The ground
acts like a mirror in reflecting light waves.
Vertically polarized waves have less ten-
dency for an upward bending, and thus ver-
tical antennas are generally employed.

The simple non-directional antenna for
uhf. operation consists of a half wave
vertical wire or rod, fed with a two-wire
matched impedance feeder (Fig. 77). or by
means of a quarter wave matching stub and
two-wire non-resonant line, Figs. 75 and 78.

Zepp. feeders are seldom employed, because
the antenna in most cases is located several
wavelengths away from the transmitter or
receiver in order to secure ample height
above the ground.

A Concentric Feeder (Fig. 79) is very
effective for feeding either a half wave an-
tenna or a quarter wave Marconi antenna,
such as those used for mobile 5-meter work.

Directive antennas often prove of great
value in the ultra-high-frequency region be-
cause the high power gain which is obtain-
able gives the same result as a great increase
in transmitter power. The cost of increas-
ing power is far more than that of a simple
antenna array. Any of the directional an-
tenna systems previously discussed can be
used for u.h.f. communication, although those
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which give vertical polarization, such as the
Stacked Diploe, Yagi, Vertical Franklin, or
Bruce are best.
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Types of Mobile U. H. F. Antennas

® A quarter wave vertical Marconi antenna
(Fig. 81) is very convenient for automobile
installations. A 4-foot rod with the bottom
end grounded to the car body can be fed with
a single wire feeder several feet long; this
feeder connects to the 5-meter set in the car.

Another 5-meter antenna consists of an
insulated 4-foot rod, fed by either a twisted
pair (solid conductors), or by a concentric
transmission line, Figs. 79 and 80. In the
case of twisted pair feeders, the impedance
match is not very good, but this effect can
be overcome to some extent by cutting the
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twisted pair to some particular length. This
can best be determined by experiment, be-
cause a few inches more or less of feeder
will provide a tuning effect and allow more
efficient operation.

Quarter wave rods can be mounted on the
roof of an automobile, if some means of
flexible coupling is built into the base of the
rod so that the antenna can be swung down

—

| SINGLE WIRE FLEOEW F
ANY LEMGTH _"
1 S wETCA sCY

‘Cll BOOY OR FRAME

SIMPLE SMETER AUTO

FIG. 81

ANTENNA

when it strikes an overhead obstacle, such
as a garage entrance, etc. Sometimes the
rod is mounted on the front or rear bumper
of the car, on the radiator, running board
or fender. In many cases the antenna rod is
mounted directly on a transmitter housed in
the rear trunk of the automobile.

Mobile antenna installations for police
radio work differ from the 5-meter types
in that the antennas are somewhat longer
because the frequency of operation is lower.

The length can be calculated from the
formula:
492,000 X 0.485
=
f
where L, = The quarter wave antenna length
in feet.
f = The transmitter frequency in

kilocycles.

The length of a half wave antenna is twice
that of a quarter wave antenna.

Fixed Station 5-Meter Antennas

® These antennas can be constructed from
copper or aluminum rod, or wire. When a
wire antenna is used, the wire can be sup-
ported on stand-off insulators attached to a
vertical 2”x3” wood pole. The pole should
be guyed, preferably with ropes, in order to
keep metallic conductors away from the field
of the antenna. The antenna should be as
high as possible and well remote from sur-
rounding objects.

These same types of antennas can be used
for television reception by making the half
wave antenna resonant to the frequency of
the television transmitter. In this case a



U. H. F. Antennas
twisted-pair feeder of solid wire, such as
the EQO[ Cable, can be used in order to re-
duce automobile ignition interference. The
loss in a twisted-pair feeder at these fre- o
quencies is rather high and transposition T
blocks can be used at intervals along the
two-wire feeder line.
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Long wire antennas can be used on 5
meters providing the directional effects are
taken into consideration. For example, a 20
or 40 meter single wire fed or Zepp. antenna
can be operated on 5 meters with fairly satis-
factory results for both transmitting and
receiving.

21/,-Meter Antennaé

® Any of the antennas previously described,
and which provide vertical polarization, are
suitable for 214 meter operation. Those
shown in Fig. 83-A on Page 50 arc ideally
suitable for use with a 24 meter trausceiver.
The figures are self-explanatory, in that all
dimensions are clearly shown. The Table
showing Antenna Array Dimensions lists all
of the data for the ultra high-frequency
bands, down to 1'4 meters. The Table,
Reflector and  Dircctor Dimensions, shows
the data for any form of Yagi or Parabolic
Reflector system for wavelengths down to
11 meters.

Micro-Wave Antennas

® Antennas for operation in the vicinity of
one meter, or less, are classified as Micro-
Wave Antennas. Half wave vertical rods are
suitable for portable operation and in most
cases they can be capacitively coupled at
one end to the micro-wave transmitter or
receiver. Directive arrays, especially those
of the Yagi type, are easily constructed;
they greatly improve the performance of
micro-wave sets.
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Reinartz Rotary Beam Antenna

® The John L. Reinartz compact directive
antenna, Figs. 81 and 86, has relatively
high efhiciency on the short and ultra-short
wavelengths. It is suitable for 5-meter
transmission and reception and its field pat-
tern is similar to that of a half wave vertical
antenna with single reflector, Fig. 85.

It consists of two 8-foot lengths of tubing,
bent into a circle, with 2 in. to 3 in. spacing
between the tubes. The circles are not
closed; an opening of one inch remains, as
shown in the diagram.

The diameter of the circle is a little over
30 inches. The most efficient method of
feeder connection to a 5-meter set is by
means of a quarter wave matching stub con-
nected to either a twisted pair feeder or two
wire 500 ohm line. This type of antenna
can be placed in either a horizontal or ver-
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FIG. 84

Reinartz Rotary Beam with Twisted-Pair
Feeder and Stub.

RADIATION PATTERN

FIG. 85
Directivity of the Reinartz Rotary Beam.
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FIG. 86

Reinartz Rotary Beam Antenna with
Spaced Feeder and Stub.

tical plane, depending upon whether horizon-
tal or vertical polarization is desired. The
actual power gain over that of a vertical
half wave antenna in the desired direction
is approximately 15%. The power direc-
tivity is nearly 6-to-1 in a forward direction
away from the open ends.

16%4 ft. rods can be used for 10 meter
operation, 33 ft. rods for 20 meters. The
spacing between the rods, or circles, need
not be increased when the antenna is built
for operation on the longer wavelengths.

The antenna should be arranged for 360°
rotation,

. -
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50



Impedance Matching Stubs

10 Meter Vertical Antenna With
Matching Stub

® A very effective antenna system for non-
directional 10 meter operation is shown in
Fig. 87. It consists of a 25 foot pole, sup-
ported on the roof or to one side of a build-
ing or other structure, a 16 foot vertical
antenna wire run up along the pole and in-
sulated from it with small insulating strips
or rods. At the bottom of the 1614 foot
section is another section of two wires,
called the matching stub. These wires are 8
feet long, one of them being a portion of the
antenna proper. A shorting bar, connected
across the bottom of the two wires, is
moved upward or downward for antenna
tuning ; likewise, the feed line tapped across
the two wires at a point about Y4rd the way
down from where the two wire portion
begins, is also later adjusted and readjusted
in tuning up the system.

NO.12 WIRE
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i
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ANTENNA M
TO ROOF © o
10-METER VERTICAL ANTENNA
WITH QUARTER WAVE MATCHING TRANS,
FIG. 87

Tuning Procedure

(1) Place

transmission line l4rd the way
down

from the point where the two
wires begin, that is, '4rd the way
down from the top of the “matching
transformer.”

Adjust the shorting bar by placing
it approximately 1 foot or 18 inches
from the bottom of the ‘“matching
transformer.”

Turn “on” transmitter, and loosely
couple the antenna coil to the final
amplifier plate coil.

(2)

(3)

(4) Place a “field strength meter” some-
where where it can be seen from the
roof, or let someone else watch the read-
ing of the meter.

Never re-adjust the
meter once it is set,
tenna is being tuned.
Take readings on the field strength
meter and adjust the antenna coupling
to the instrument so that half scale
readings are obtained.

Return to the roof, put on a pair of
gloves, and adjust the shorting-bar
until the field strength meter denotes
maximum reading.

Next, adjust the position of the feed-
line to a point, where maximum indica-
tion is again had on the field strength
meter.

Lastly, re-adjust the shorting-bar so
that a more accurate position can be
found, as again denoted by still greater
reading of the field strength milliam-
meter,

(3) field strength

while the an-

(6)

(7

—

(8)

(9)

The Johnson Q" Antenna

® Another type of single band half wave
antenna is the Johnson “Q,” which uses a
special quarter wave matching transformer
to couple a more or less conventional 400 to
600 ohm two-wire line to the 73 ohm im-
pedance which exists at the center of a half
wave antenna. This matching transformer

consists of two parallel aluminum tubes, each
a quarter wave in length, suspended from
See Fig. s88.

the center of the antenna.

ALUMINUM  TUBING

.'}QPAC:.!

UNTUNED LiNK

JOHNSON "Q° ANTENNA

FIG. 88

The surge impedance is made fairly low by
using half-inch diameter tubing, spaced 1.6
inches apart. This spacing results in an
impedance of slightly over 200 ohms, which
is the geometric mean between the antenna
center impedance of 73 ohms and the im-
pedance of a two-wire line of 600 ohms.
The matching section should be approxi-
mately a quarter wave in length for the par-
ticular frequency used.
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Directive

@ All antennas have directional properties
and these can be increased by properly com-
bining the antenna elements. The various
forms of half wave antennas already de-
scribed have maximum radiation out at
right angles to the direction of the wire,
but the directional effect is not very great.
If this radiation can be confined to a narrow
beam, the signal intensity can be increased a
great many times in the desired direction of
transmission. This is equivalent to increas-
ing the power output of the transmitter. It
is more economical to use a directive an-
tenna than to increase transmitter power if
general coverage is not desired.

Directive antennas can be designed to give
as high as 23 DB gain over that of a
single half wave antenna. However, this
high gain (nearly 200 times as much
power) is confined to such a narrow beam
that it can be used only for commercial
applications in point-to-point communication.
The increase in radiated power in the de-
sired direction is obtained with a corre-
sponding loss in all other directions. Gains
of 3 to 10 DB seem to be of more practical
value for amateur communication because
the angle covered by the beam is wide
enough to sweep a fairly large area. 3 to
10 DB means the equivalent of increasing
power from 2 to 10 times. For example,
an amateur living in the center of the
United States would want his beam to be
wide enough to cover all of Europe in one
direction, and New Zealand in the opposite
direction. His beam should be centered
about 45° north-of-east, and about 35° wide.
Similarly, a 20° beam width, 50° south-of-
east, would cover South America and the
Orient. Another 35° beam pointing east
and west would cover Australia and South
Africa. In San Francisco, two beam an-
tennas could be made to cover all DX sec-
tions fairly well; a 30° beam, 35° south-of-
east for South America and the Orient, and
another 35° to 40° beam, 45° north-of-east
for Europe, New Zealand and Australia.
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Antennas

In this discussion all antenna arrays are
assumed to have two main lobes of radia-
tion in opposite directions (no reflector sys-
tem). Angles in which the antennas could
he puinted can be figured as the Great Circle
shortest distance direction with the aid of a
globe of the world. Day and night direc-
tions in some cases are different, due to the
skip distance effects of some of the high-
frequency bands, because the signals may go
around the world in one direction in_ the
morning, and in the other direction at night,
to points near the opposite sides of the
world.

Four to six half wave antennas or their
equivalent are apparently about all that can
be used without securing too much directiv-
ity, unless the operator is aiming at one
locality of relatively small area. With ultra-
short wavelengths below 10 meters, the
problem of rotating the beam antenna is
simplified and more directional effects with
greater power are desirable. Reflector sys-
tems can be set up for increasing the beam
in one direction and preventing radiation
in the opposite direction.

Tables of wire lengths for several arrays
and directional types of antennas are given.
Local conditions of surroundings will
modify these values, but for most purposes
the wires can be cut to the values listed,
and satisfactory results obtained.

The most simple method of feeding many
tvpes of directional antennas (if near the
transmitter) is by means of Zepp feeders
which are generally some old multiple of
quarter waves in length. In all cases where
the system is much more than a wave-
length from the transmitter to the feed
point, a non-resonant two-wire feeder and
quarter wave matching stub should be em-
ployed. The problem is greatly simplified
in most cases by the use of Zepp feeders,
since the feeders can be tuned at the trans-
mitter just as with any Zepp half wave
antenna. In some instances the feeders
should be electrically an even multiple of
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quarter waves in length. A simple field
strength meter coupled to the antenna sys-
tem will readily indicate correct feeder
tuning.

All directional resonant antenna systems,
other than a single long wire system, oper-
ate on the one frequency for which they
are designed. The ‘“}’” beam can be oper-
ated on two bands with fair satisfaction,
although the correct angle & between the
arms of the “V” can only be made for one
frequency. A type is generally chosen from
a consideration of available space. The “V”
beams are less critical in mechanical design;
if space is available for pointing the open or
closed end of the “V” in the desired direc-
tion, this type is excellent.

Horizontal and Vertical Directivity

® The horizontal directivity of any antenna
system is that shape of the radiated beam
or beams shown looking down at the earth
from a point above the antenna system. For
example, a beam having a width of 30° hor-
izontally would spread out enough to cover
a whole continent, such as Europe, from
points in the United States. Vertical Di-
rectivity is the expression for defining the
angle above the horizon at which the major
portion of the radiation goes out from the
antenna. Directional antenna systems are
generally made to have a very low angle of
radiation, so that the vertical directivity is
outward toward the horizon, rather than
upward.

Polanzation

® Radio waves are Polarized in that they
will induce a greater signal in the receiving
antenna when the plane of that antenna is
parallel to the plane of polarization. For
example, a vertical transmitting antenna will
produce a vertically-polarized wave which
can best be received by a vertical receiving
antenna over relatively short distances, such
as in the ultra - high-frequency region.
Wave-lengths between 10 and 100 meters
can he transmitted with either vertical or
horizontal antennas, resulting in the wave
starting out with a wertical or horizontal
polarization, and by the time it reaches the
distant receiving antenna it is apt to be
mainly horizontally polarized. Reflection
and refraction effects in the Heaviside Layer
tend to twist the wave polarization so that
in most cases a horizontal receiving antenna
will give best results.

For ultra-short wavelengths, vertically
polarized waves are not reflected upward
by the surface of the earth as easily as those
of horizontally polarized nature and only
the ground wave is useful on wave-
lengths below 10 meters. Vertical trans-

mitting and receiving antennas have thus
proven most satisfactory at these f{re-
quencies.

\Wavelengths above 100 meters are not as
easily twisted as those below 100 meters.
With ultra-short wavelengths the plane of
polarization may be twisted by such objects
as hills or buildings, so that occasionally a
horizontal antenna will very efficiently re-
ceive signals transmitted by a vertical an-
tenna.

Directive Factors

® Directional antenna systems operate on
the principle that the radiation fields add or
subtract in space. When several radiating
elements, such as half wave antenna, are in
close proximity to one another, the radiated
fields may aid or oppose each other in dii-
ferent directions. In those directions in
which opposition or cancellation occur, the
signal is attenuated; similarly in those di-
rections in which the fields aid each other,
or add, the signal is increased. All directive
antennas depend upon this phenomena. The
fields are said to be in phase when they are
additive, and out of phase when they cancel
each other. Antenna directivity results from
phasing the radiation from adjacent antenna
elements so as to neutralize the radiation in
the undesired directions, and to reinforce the
radiation in the desired direction. Directiv-
ity can be obtained in either horizontal or
vertical planes. In transmission, directive
antennas concentrate energy much like re-
flectors and lenses concentrate light rays.
For receiving, the signal is proportional to
the amount of antenna wire exposed to the
radio waves when the half wave sections are
properly phased.

Reflectors

® A simple reflector consists of a wire ap-
proximately a half wave long, either excited
directly by the transmitter so as to be out
of phase with the antenna, or it can be of
the parasitic type, A Parasitic Reflector one
quarter wave away from the antenna must
he slightly longer than the antenna in order
to have an inductive reactance. The radi-
ated field from the antenna is re-radiated
hy the reflector wire so that the radiation
in line with the two is reinforced back to-
ward the antenna and cancellcd in the op-
posite direction. Tf the reflector wire is
spaced a half wavelength distant from the
antenna the radiated field will be increased
in two directions, or tend to cancel in a
direction at right angles. The increase is in
a plane at right angles to the plane of the
antenna and reflector, as shown in Fig. 89.
Two reflector wires spaced a half wave
each side of an antenna, and an additional
reflector spaced a quarter wave behind the
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antenna, will combine to increase the field
intensity in a forward direction, and tend to
cancel the field in all other directions.
Reflector curtains, a combination of sev-
eral reflector wires in proper phase relation,
are normally used in commercial applica-
tions in order to confine a beam to one di-
rection. Without such a reflector curtain,
which is usually similar to the antenna ar-
ray, the beam would be transmitted with
less intensity in both a forward and back-
ward direction. The reflector in such cases
doubles the field in the forward direction.
Parasitic reflectors have no direct con-
nection to the antenna or feeders. Their
length can be calculated from the formulas:

L = 1.60 X \

where L is the reflector length in feet.
A is the transmitter wavelength in
meters.

492,000 X 0.97

[ S

f

where f is the transmitter frequency in kilo-
cycles.

These formulas can be used for determin-
ing the length of single half wave reflector
wires, such as those used in a parabolic re-
flector or in a Yagi antenna.

Directors

® Ii a wire is placed in front of an an-
tenna and if it has a capacitive reactance, it
will aid the radiation in a forward direction.
More than one wire may be placed in line of
the desired direction, such as shown in the
Yagi antenna in Fig. 90 in order to greatly
increase the directivity and field intensity
in that direction. These are called director
wires and they are shorter than those used
for reflectors. A capacitive reactance is ob-
tained by making the wire less than an
electrical half wave in length. A straight
wire loses beth inductance and distributed
capacitance as it is decreased in length. At
a given frequency the inductive reactance
will predominate if the wire (less its end ef-
fects) is over a half wave in length. Simi-
larly, if it is less than a half wave in
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length the capacitive reactance will be
greater than the inductance reactance. The
antenna should always be resonant, in which
case the inductive reactance is equal to the
capacitive reactance and the two will then
cancel each other.

RECEIVE

» — -

TRANSMIT

TOP VIEW OF VERTICAL ANTENNA , REFLECTOR

AND DIRECTOR SYSTEM,

R-REFLECTOR wiAE3; D-DIRECTOR wiRE3; A = ANTENNA wiRg

FIG. 90
Yagi Antenna.

Director wires should be spaced at inter-
vals of 34ths wavelength in the desired di-
rection from the transmitting antenna.
These lengths can be calculated as follows:

L =1425 XA

where L is the director length in feet.
\ is the transmitter wavelength in
meters

492,000 X 0.87
L=

f

where f is the transmitter frequency in kilo-
cvcles.

Directional Antenna Types
The Yagi Antenna

® The Yagi Antenna is useful on the ultra-
short and micro-wave bands. It consists of
several reflector and director wires grouped
around a half wave antenna, such as that
shown in Fig. 90, which is a top view of a
vertical array. The rear reflector wire R
is placed a quarter wave behind the antenna
wire A, two other reflector wires are placed
a half wave from the antenna, on each side.
The director wires D are spaced a dis-
tance of 3§ths of a wave apart. The dis-
tances A, B, and C are a quarter, half and
34ths of a wave respectively in Fig. 90. In
the table (page 56), dimenstons are listed for
the design of this type of directive antenna
for wavelengths of from 14 meters to 20
meters (224 to 14.4 mc.).

The reflector and director wires are all
parasitically excited. The antenna can be



Franklin Antenna
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FIG. 81

fed with any type of RF feeder, such as a
two-wire matched impedance feed, Zepp
feeders or by a quarter wave matching stub
and non-resonant line.
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FIG. 92

The Franklin Antenna

® A directive antenna array which is quite
practical for amateur application is shown
in Iig. 92. It consists of two or more half
wave sections in phase, so that the radiation
field is broadside to the antenna. More than
four sections will provide too sharp a beam
for most amateur purposes. The half wave
sections may be phased with quarter wave
sections, as shown in Fig. 93, or by means
of phasing coils, as shown in Fig. 91. In
either case the phasing coil, or quarter wave
section, is equivalent to a half wave an-
tenna which does not radiate, but only serves
the purpose of phasing the antenna current
in the same direction in adjacent sections of
the radiating antenna. The two end sec-
tions L. should be cut for end effects, thus
making these sections slightly shorter
physically than the intermediate section L..

The dimensions listed in the Table for An-
tenna Arrays are theoretical values which
may have to be slightly modified in actual
practice, due to the proximity of surround-
ing objects. Ordinarily, this antenna can
be tuned to resonance by varying the lengths
of the quarter wave stubs L.

L L2 Lz Le

L,UL, L |Ls L;UL:
TRANSMIT OR
i RECEIVE
BROADSIDE .
NONBEIONANT
reeoens
BROADSIDE DIRECTOR ANTENNA
FIG. 93

Non-resonant feeders in the form of a
600 ohm line should preferably be tapped
across the middle quarter wave section in
order to secure a balanced antenna system.
If one of these quarter wave sections is near
the transmitter, it can be used as a Zepp.
feeder of either one-quarter or three-quar-
ters of a wave in length. It can be tuned
with series condensers and coils, as discussed
under Zepp. Antennas.

L* COMPACT wAVE coOmLs
LauivaLEnT To €% |

FeLEDERS

TYPE OF FRANKLIN ANTENNA

FIG. 94

A 20 meter directional antenna of this
type is easily constructed because the re-
quired space is only about 135 feet, and the
height above ground about 40 feet. A
single 6-inch strain insulator can be used to
support the L, and L. sections. The L.
sections can hang toward the ground, held
in position with a small weight. The L.
quarter wave sections can be spaced with
6-inch ceramic Zepp. feeder separators.
Standing waves along the non-resonant feed
line can be located by means of a milliam-
meter, carborundum detector, and coil ar-
rangement. The standing waves are indi-
cated by variations of the milliammeter read-
ing as the feeder test set is moved along the
feed line at a constant distance from the line.
The standing waves can be eliminated or
minimized by changing the position of the
feeder taps on the quarter wave section, also
by a variation of the quarter wave section
lengths. In some cases the values of I, and
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.. may have to be shortened slightly, and
the various sections may sometimes differ
from the lengths shown i the Table because
of the proximity of some object near one of
the sections. In most cases the values shown
in the Table can be used without variation,
unless the utmost in efficiency is desired. The
values of ., L., L. and L are correct ior
nearly all forms of antenna arrays. This
Table greatly simplifies directional antenna
array design for amateur operation.

Antenna Array Dimensions

For Franklin, Bruce, Chireix-Mesny.
Barrage and Stacked Dipole Arrays.

L

Ly Ly
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L3 Ly Ly La
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I

TRANSMIT OR RECEIVE
2EPP PEEOERS BROADSIDE
BRUCE BROADSIDE DIRECTIVE ANTENNA

This antenna is occasionally used for 5-
meter transmission and reception, due to its
small size. The dimensions for different
amateur bands are listed in the Table show-
ing Antenna Array Dimensions.

The Bruce Antenna

® One of the simplest antenna arrays is
shown in Fig. 95. It is not critical as to
the length of its elements, and it can be used
over a wider frequency range than most
other antenna arrays. The antenna is made
up of ‘4 and ¥4 wave sections, resulting in
good horizontal directivity if the overall
length is at least five wavelengths long;
however, it possesses very little vertical di-
rectivity because of its lack of height. The
currents in each half of a horizontal section
are out of phase and thus these sections
tend to cancel their radiation field. The
vertical sections are in phase, resulting in
broadside radiation or reception, because
this antenna is normally used for receiving.
A similar bent wire, placed a quarter wave
behind the antenna, will act as a reflector
and make the system unidirectional.
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| | Reflector and Director Dimensions
| Frequency | |
[} t ! " .
BAND | Megacycles L. L. | L L, [
[ Freq. A R { D a b c
7.02 |682° [70° |35 171"
40 7.10 | 67'6° | 69'2° | 34’7 | 16°11° 224 | 25" | 26° |23° {13° 263" |20°
Meter 720 |667° | 6847 | 34'2° | 1687 232 | 24° st 220 |12)7 |2sic H1oc
7.28 | 65'10°| 676" | 33'9° | 16'5" 240 |23} |24 217 [12° |24} |18)°
14.05 |34'1° |35 (176" | 86" 112 | 427 | 437 [45)° [ 26° 45" | 39"
20 15.15 | 33’107 34'8° | 174" | 8'S’ 116 | 4 | 4'1}4°| 44 25° 4’3" | 38"
Meter 1425 (3377 346" 11737 85 120 | 310°| 4’ |43° 241" | 41”377
€ 14.35 | 33’57 | 34’3 |17'1° | 84" —_— b §
_— || —_— s6 | 84" | 87°| 774" | 4'57 | 89" | 67°
10 | 280 1710 1777 | 897 | 413 s8 | 81° | 83| 74} 43" | 86" | 64"
29.0 | 166" |17 86" | 4'1%° 60 | 7'10" 8 | 7'1i*] 41v | 82" | 62"
Meter | 300 |16 {1657 | 827 | & | ‘
— —_ |- — 28 [16'8° [ 17'27 |15°37 | 897 |17'7° | 13727
5 | s6 87" | 89" | 457 | 22° 20 | 1617 [ 16’6 | 149" | 86" 17° |12'8"
Moter gs 83" | g'g' ‘ 4'?' 51 30 [15'637 16° | 14'3° | 827 | 16'5" | 124"
- o | & 20| ane | 2 L
—_— | — | ——— | —— | 14.05 | 334" | 34'1” | 30’5° | 176" | 35’ 26'3"
2.5 112 43" | a's* | 26" 13" 14.15 | 33'1° | 33'11° 302" | 17'4" | 34'8" | 26'1"
o | 116 414" 43" | 257 | 12)4" 14.25 | 32°107| 33'8" | 30’ 17'3* | 34'6” | 25'11°
Meter | 120 | 4 417 | 24147 127 14.35 | 32'8° | 33'5" | 2910°| 17°1" | 34'3" { 25'8"
125 | 224 |25 |26lg7 (130 | 6l ' ' .
| 232 25 251" | 124" | 64
Meter | 240 24° | 2415" [12° 6"
: : Stacked Dipole Antennas

® A dipole is simply another name for a
hali wave antenna. Several dipoles can be
arranged in stacks to form a highly directive
antenna system. \When an entire “curtain”
of these dipoles is used, together with a
similar reflector curtain spaced one-quarter
wave behind it, the beam becomes very
sharp and of great intensity. Actual power
gains of 100 to 200 are secured in commer-
cial practice. Both horizontal and vertical
directivity can be very great because several
elements, such as shown in Fig. 96 (four
radiating dipoles), can be built into a cur-
tain with one row on top of the other. For
amateur purposes the single unit will pro-
vide sufficient directivity in most cases.

The radiating sections L. may be either
horizontal or vertical, depending on whether
horizontal or vertical polarization is desired.
The currents in the L. and L. sections pro-
duce fields which neutralize each other, with
the result that radiation occurs only from
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the L. sections which are a half wave in
length, electrically. The actual physical
length is approximately 0.975 of a half
wavelength. The L. sections are made a
half wave in length in order to provide the
proper phase in the L, sections. In Fig. 95
the radiation is broadside to the antenna, as
shown, and end-wise if the two sections I..
do not cross.
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In_the four forms of this antenna shown
in Figs. 96 and 99, quarter or half wave
matching stubs provide a means of con-
nection to a two-wire non-resonant feeder.
In some cases a 600 ohm line can be con-
nected directly into the array when the im-
pedance at the chosen point is 600 ohms.
Zepp. fceders are satisfactory if they are
not over 5 quarter wavelengths long. These
arrays are fairly popular for the ultra-short
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FIG. 99

wavelengths for amateur. operation, although
commercial application is widespread for
wavelengths above 10 meters. These sys-
tems must be adjusted for the exact fre-
quency of transmission, and quite rigidly
supported.

The arrays shown in Figs. 97 and 95 are
similar in performance, even though the L.
sections do not cross or reverse in one case.
The phase of the current in the L, sections
s maintained by connection of a resonant
feeder or quarter wave matching stub at the
ends of L. in one case, and at the center in
the other casec.

Figure 100 shows the construction of a
framework for an ultra high frequency di-
rectional antenna with parasitic reflectors
spaced a quarter wave behind the “H”-sec-
tion antenna. If desired, the reflector wires
D can be cross-connected at their adjacent
ends. The antenna sections A are listed in
the Table for Antenna Array Dimensions as
L.. The reflector wires D are listed in the
Table for Reflector and Director Dimensions
as D, which in this case is equivalent to L..
The Zepp. feeders should be an even num-
ber of quarter wavelengths, the same as in’
a center-fed Zepp. antenna.

In practical applications of curtains, the
reflector wires should be tuned for maxi-
mum current. Usually the lengths will be
between 2% and 5% greater than a half
wave in length. The antenna elements are
sometimes as much as 10% shorter than a
half wave in length. The reflector curtain
has a reactive effect upon the antenna and
thus it is generally tuned-up first, then the
antenna wires are cut to length experi-
mentally in order to provide exact resonance
under operating conditions. In these cur-
tains, which consist of horizontal rows of
half wave elements and often two or three
tiers one above the other, RF power is fed
in the proper phase relation to several
points.

A reflector placed a quarter wave hehind
an antenna, and properly tuned, will provide
a gain of 3 DB, which is a power gain of
two. Two half wave antennas spaced a half
wave apart and properly excited, will also
provide a 3 DB gain over that obtained
from a simple half wave antenna. Three
and four half wave sections in a line a half
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wave apart will provide gains of 5 DB and
6Y4 DB, respectively, over that of a single
half wave antenna. The simple “H" type
of stacked dipole, Fig. 97, which consists
of four half wave sections, will give a gain
of approximately 6% DB. The antenna
shown in Fig. 99 which has six half wave
radiating sections will give a gain of ap-
proximately 8% DB. The one shown in
Fig. 96 which has eight sections will give
a gain of 10 DB, Adding a reflector sec-
tion similar to the antenna array, and spaced
one-quarter wave behind it, will provide 3
DB additional gain to any of these arrays.

The Barrage Antenna

® Another of the many types of directive
arrays is shown in Fig. 101, a broadside radi-
ator of vertically polarized waves.

The horizontally polarized waves which
would be radiated by the top and bottom
horizontal wires are negligible because of
the opposition of current flow in the two
halves of each of these members. This is
obtained by making the vertical sections at
the top and bottom of L. a quarter wave
long. The middle sections .. are half wave
in length. The dimensions for this antenna
are listed in the Table of Autenna Array
Dimensions for amateur bands.

RCA Broadside Antenna

@ In this array, Fig. 102, all parts of the
parallel transmission line connecting the L
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sections are kept in phase by means of shunt
inductances.

The waves are vertically polarized and
the beam is broadside to the antenna. A re-
flector system spaced a quarter wave behind
the antenna can be used to make it unidirec-
tional.

NONAEIONANT
/ FEEDENS

CHIREIX-MESNY ARRAY ELEMENT

FIG. 103

Chireix-Mesny Antenna

® Numerous elements of the type shown in
FFig. 103 are connected to form an antenna
and reflector curtain for operation in many
French commercial stations. In this case,
the feeder svstem is different from that
shown.



“V” Antennas

For amateur application a Zepp. type
feeder is recommended. The dimensions for
L: and L. are approximately a half wave in
length, and for the amateur bands the
lengths can be found in the Table of An-
tenna Array Dimensions.

"V Antennas

® The horizontal “V” antenna shown in
Iig. 104 is suitable for amateur as well as
commercial work. The long wires /L can
be made several waves in length in order
to obtain good directivity.

By choosing the proper angle 3, the lobes
of radiation from the two long wire antennas
aid each other to form a bi-directional beam.
The back end radiation can be re-directed
forward by a reflecting antenna similar to
the radiating antenna, located an odd num-
ber of quarter wavelengths behind, and
faced so that the two antennas are supplied
with current 90° out of phase. Each wire
L by itself would have a radiation pattern
similar to that shown for antennas operated
at harmonics. Design data for the 10, 20
and 40 meter bands is listed in the Table,
together with the proper angle &.

This type of antenna can be made into a
Vertical “V” as shown in Fig. 105, which is
particularly adaptable for receiving, hecause
only one antenna mast is required.

The angle 5 for different lengths of L is
shown in the chart for Diamond Autennas.
A good ground connection is necessary.

amateur operation L can be two or four
wavelengths long. Commercial antennas are
usually made eight waves in length in order
to secure a sharper beam with a corre-
spondingly greater power gain.

Diamond Antennas

® A very effective directional antenna hav-
ing a low angle of radiation of horizontally
polarized waves is shown in Fig. 106 (\).
This non-resonant Diamond antenna consists

FROM TRANSAMITTER 6
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Horizontal V antennas are easily con- vERTrOAn v anTERNA
structed and have proven very effective. For FIG. 105
"V” Antenna Design Table
“Full Wave"’
Frequency in| ‘‘Half L = __>‘.
Kilocycles Wave"’ - 2 L= 2 L=2)N|L=4)x]|L=28x
Dipole 6 = 104°| & = 75° § = 52¢° & = 39°
& = 180°
28000 16’ 8” 17" 1 34’ 8" 69’ 8" 140’ 280’
28500 16’ 4” 16’ 9" 341" 68' 6" 137 6" 275’
29000 16’ 1" 16’ 6" 33' 6" 67’ 3" 135’ 271’
29500 15’ 8" 16’ 2* 33’ 66’ 2" 133’ 266’
30000 15’ 615" 15' 11" 32’ 5”7 65’ 131’ 262’
14050 33’ 4" 34 69’ 139’ 279’ 558’
14150 33’ 17 33 10" 68’ 6" 138’ 277 555’
14250 32' 10" 33" 7" 68’ 2" 137’ 275’ 552’
14350 32' 8" 33’ 5" 67" 7" 136’ 273’/ 548’
7020 66’ 7" 68’ 2" 138’ 2* 278’ 558’ 1120’
7100 65’ 97 67’ 4” 136’ 8" 275’ 552’ 1106’
7200 64’ 11" 66’ 5” 134’ 10" 271 545’ 1090’
7280 64’ 65’ 8” 133’ 4" 268’ 538’ 1078’
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FIG. 106
Diamond and “V” Antennas.

of two "\ antennas. The current distribu-
tion dies away wniformiy from the input cor-
ner to the terminating resistance. As a result
of this behavior, the Diamond antenna is
not critical with respect to frequency. It
can be used without any change or adjust-
ment over a frequency range of at least
two-to-one. [Furthermore, it is unidirec-
tional, since the terminating resistance elimi-
nates the radiation which would otherwise
take place in the backward direction. These
properties make the Diamond antenna desir-
able in many ways. It can, for example,
be used for 20 meters in the daytime and 40
meters at night, without any change. The
terminating resistance should be about 800
ohms, capable of dissipating half of the
power supplied by the transmitter. The an-
tenna offers a resistance load of about 800
ohms to the transmission line. Design data
is shown in the Diamond Antenna Charts
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and the dimensions L are listed in the Table
for “I'” Antenna Design.

“V* Antenna Design

If the terminating resistance is not used,
the Diamond antenna is bi-directional and
becomes of the resonant type. Diamond
antennas will radiate in an exactly hori-
zontal direction, provided the angle of radia-

y
{

HORIZONTAL DIRECTIVITY OF A "V™ ANTES ™A
1A LONG ON EACH SIDE

FIG. 107

MORIZONTAL DIRECTIVITY OF A V' ANTENNA
8 A LONG ON EACH SIDE

FIG. 108

tion in degrees and the height of the an-
tenna in wavelengths is correctly calculated.
These calculations have been simplified, and
the Chart will enable the quick determina-
tion of the necessary dimensions. For ex-
ample, slanting the antenna 6° will cause
the energy to be radiated in an exactly hori-
zontal plane.

The Diamond antenna is much more cco-
nomical in construction than the various
forms of antenna arrays employing vertical
curtains of wires. It is just as effective in its
directivity and power gain, and is not crit-
cal with respect to frequency of operation.

Beverage Antenna

® A\ very long wire terminated in a resist-
ance cqual to its characteristic impedance is
called a Bewverage, or Wave Antenna,

The antenna should be several wave-
lengths long and it can bhe of any convenient
height, from 10 to 20 feet above earth. It is
quite satisfactory for long-wave reception
and is sufficiently directive to materially re-
duce static disturbances. It is non-resonant
and can be considered as a one-wire trans-
mission line with ground return. It should
be pointed toward the station whose signals
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Diamond Antennas.
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FIG. 110

are to be received. This antenna operates
most effectively when located over poorly
conducting earth, since in this case the wave
front of the received signal is tilted more
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Diamond and “V” Antenna Design
Curves.

HORIZONTAL DIRECTIVITY OF A 2A DIAMOND ANTENNA

FIG. 112

than when the wave travels over water or
moist earth. This form of Beverage An-
tenna is not suitable for short-wave re-
ception.
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@ ECONOMY without

I.C.A. parts for short-wave receivers and transmitters represent the best value on
the market today. Buy them for your next rig and learn how you can enjoy real
economy without the slightest sacrifice of efficiency. With what you save on
I.C.A. parts you can buy extra tubes! The equipment illustrated on these pages is
?xgyb a small part of the complete Insuline line. See the whole line at your
jobbers.

Racks. Panels, Chassis
for every need

1.C.A. is ham headquarters for
racks, panels, chassis, cabinets,
bases of every kind. Everything
from a transceiver box to a sec-
tionalized rack six feet high. Why
try to bend hard steel or do diffi-
cult machine work at home? If you
can’'t find what you want in the
extensive Insuline line, we'll make
it to order—at the lowest prices
imaginable! The tremendous busi-
ness we do in this line enables us
to give you fast service no matter
where you live.

111/1{*' 19911 "

19997 |

i

117111

100009

And don't forget—we can furnish
from stock, bakelite panels, rods,
tubes, to suit every requirement,
and we have our own special ma- — = -
chinery for engraving on any ma- £ e ]

terial.  Deal with us once through A"‘-—-—__-' '
your jobber and you will know why o d
1.C.A. for 17 years has lead the @

radio parts field.

119913791 |
iy

;

\/,

Dress Up Your Transmitterl

Easy S-Meter Kit

Want to get started on 5 meters?
Here's a fundamental kit for the
popular pentagrid receiver de-
scribed in May, 1936 QST. In-
cludes the special quench fre-

Knobs, dials, panel plates—a big assortment in all popular quency coil —an EXCLUSIVE
sizes and finishes. A few cents invested in [.C.A. plates will I.C.A. item—and a neat crackle
Lnakkel that old transmitter of yours look like a million _hnl:ghed cabinet. See it at your
ucks jobbers.

':‘ This trade-mark has been the symbol
of radio quality for 17 years, Look AM RI A
for it on the Insullne boxes.
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L.C.A. has been famous for years for its big va-
riety of coils and forms for receivers and trans-
mitters. More than two dozen types to choose
from. The famous 1.C.A. slotted and drilled form
is specially designed for experimental work, and

R.F. Chokes and

\ r

R.F. chokes for every transmitter—from flea-power
rating to a full kilowatt are yours at startlin

money-saving prices. And of course ultra-hi g
frequency parts, including fixed and plug-in coi s,

EFFICIENCY

.

{3

COILS! to fill every

receiver and transmitter requirement

accommodates either thin or heavy wire. Factory-
wound coil for 20, 40, 80 and 160 meters are avail-
able for hams who want to be sure of their
results on transmitting.

= Components

the famous [.C.A. “Constant Q" tuner (second
from right), interruption frequency oscillators, etc.
You're off to a good start when you use Insuline
parts in that new 5-meter outfit!

Sockets Galore!

Thirteen different kinds of sockets, for tubes rang-
in% from “‘acorns’ to fifty-watters, for el or
sub-panel mounting, and made of low-loss “‘In-

sulex.”” All with tightly gripping phosphor bronze
contacts and husky bases. If you intend to use
}he r;‘ew 6L6's be sure to buy I.C.A. octal sockets
or them.

Before you buy a single new part for your next receiver or transmitter, be sure
to study the I.C.A. line and be sure to compare PRICES. Quantity production
with modern machinery is the reason 1.C.A. parts cost little but work well. If
you haven't a copy of our complete 40-page catalog, merely write on your QSL
card "Pse send me catalog,” and you'll receive it by return mail. Or ask your
jobber for a copy the next time you visit his store.

23-25 PARK PLACE . -.
NEW YORK, N. Y, U. S. A.
6
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A Complete Book

for the

PI’IOI‘IZ Man

L — =

‘“Amateur
Radiotelephony”’

By Frank C. Jones

Tells How to Build 10 Types of Ultra-Modern
Phone Transmitters With Inputs
of 15 to 1000 W atts

® Small portable emergency radiotelephone transmitters special
low-cost transmitters for the 20, 10 and 5-meter bands, high-power
phones for those who can atford them—a complete group of phones
for the average radio amateur, all described in minute detail in a
new book, “Amateur Radiotelephony.” by Frank C. jones. The
technical details are elaborate; each transmitter is described in
understandable language, so that even the novice can gain a
thorough understanding of this comprehensive subject. Everything
one needs to know in order to pass the special-privilege license
examination is in this new book. There are 10 separate phone
transmitters—some that you can build for as little as $15.00. New
modulation systems are treated, new oscillators and frequency-
multipliers are generously discussed. From this new book you can
get the information needed to build the particular radiotelephone
transmitter of your choice. There are many beautiful photographs
large circuit-diagrams and pictorials. Nothing like it has ever
before been published. Ready for delivery February 10th, 1937.
Pre-publication orders can be sent now.

50 cents per copy

Pacific Radio Publishing Co., Inc.

Post Office Box 3278 San Francisco, U. S. A.

=
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The ULTRA SKY RIDER

Designed for

BETTER
ULTRA
HIGH
FREQUENCY
RECEPTION

*

Range
3.76 to 53 Meters

X

HE Ultra Sky Rider is a new and unique ap-

proach to Ultra High Frequency Reception, the
finest of the Hallicrafters receivers,—with dozens
of exclusive engineering and construction features.
It fulfills every need, has every feature needed for
5-10 meter reception—and tunes up to 46 meters
with the same high efficiency. The built-in Lamb
Noise Silencer eliminates most of the man-made
noises usually so prevalent with high frequency re-
ception. With fine sensitivity, splendid selectivity
and exceptional convenience in operation, the Ultra
Sky Rider more than meets the fondest expectations
of the most critical 5-10 Meter Fan.

It's the receiver that's being used to help estab-
lish new 5 meter records, being installed in the
leading experimental stations for Ultra High Fre-

quency reception. Write today for complete
details.

FEATURES
*

No Plug-in Coils.
Individual Coils for each
band.

10 All-Metal Tubes.
Generous lsolantite and
Steatite Insulation.

*

Continuous Electro-Mechan-
ical Band Spread.

*

iron Core Expanding I. F.
Transformer.
Built-in Power Pack.

*

Frequency Calibrated Mi-
cro-Vernier 4-Band Dial.

*

Antenna Compensator.

I Moderate Price.

All Hallicrafters Receivers available on Time Payments

through your dealer.

the hallicrafters inc.

2621 INDIANA AVE. Cable Address “HALLICRAFT"” Chicago CHICAGO, ILL., U. S. A.
"AMERICA'S LEADING MANUFACTURER OF COMMUNICATIONS RECEIVERS"



A new edition

is ready now

Jones Radio Handbook

ZO Chapters.

Electrical Fundamentals.
Radio Fundamentals.
Charts and Formulae,
Decibel Tables and Charts,
Telegraph Code Instruction.
Receiver Design Theory.
Recelver Construction.
Recelver Circuits,
Tranem!tter Theery,

@ Formaerly called “THE "RADIO"
HANDB + the 1937 edition ol
this valuablo Work now comes o
ou with a new title—"JONES
;A.DIO HANDBOOK™, It has been
grestly eniarged In size, wity
many uew chaptess. The new
on and Re-
colver Tubes ia alone worta more
than the price of the book. Al
most! 30 types of tubes are emo-
lyzed; there are dozens of cir-
cults that show ysu how to gt
more out of your tubes. The ex-
clusive technical notes on the
newer metal recelver tubea, and
the many exclusive characteris-
tics computed by Jones brom ao-
tual laboratery practice are of

tact valus o every rodic man
bute I3 o Chaptet oo Dmlhomy

another on  Televison, and

mm.loul Chap«.r lou :‘r‘_kur
Contrel, 1 faore
:hon & ramms, showing
ons for o8-
dﬂman. doublers, bullers and

Transmitter Construction.

Transmifter Frequency
Control.

Grid-Drive Calculations

Radiotelephone Theory.

Radiotelephone Ceonstruc-
tion,

Antenna Thecry &
Construction.

mplmon for phone end cw
aotion. The new Jones Oul:,:t
that lunctions ou many bamds
rom a singie orystal, cne tube,
one circul? withou!
buller or doubles ntucn s one
ol the outstandin conmbuuom to
radio. The sew al - Exciter thg&
gives you arysial conirol on
meters is another achievement of
nim\. Dotsoa of new sels cre
thown . . ., receivers, r.ube
e, Cw tranmnitiers vhohes
Now test seis that can be buill
at home will inlecest the lobero
tory-minded cmnmomet This 1
a great Handbook Hter-
ally a complete course of instruc.
ton In tadio right up-to
dmc Thoere is mthnf‘ l'..lt as
g . for this a
beok by = Radio qul:uo: who
long ago #dugied lrom com-
mercial radio. ritten so that
YOU com wnderstand it. Com
radio problems are
shmple language.

460 Pages.

Diathermy Eﬂdpment.
Ccthode-Ray Television

Receiver Tube Analyses

Transmitier Tube
Analyses.

Test Instruments.

Power Supplies.

UHF. and Micro-Waves.

PRICE %180 PER C QD"

ASK FOR IT BY NAME—* JONES

S RADIO HANDBOO!

If Your Dealer Cannot Supply You, Order Your Copyme.

PACIFIC RADIO PUBLISHING CO., INC.

Post Office Box 3278

San Freancisco, Califomia
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