Conelrad

Fig. 19-44—Block diagram showing a switching system
for the conelrad converter. K1 represents a spare set of
contacts on the change-over relay. S: is a s.p.d.t. toggle.
With K1 in the receiving position as shown, power from
the broadcast receiver may be applied to either the b.c.
converter or the ham-band converter. With Ki in the
transmitting position, power is applied to the broadcast
converter for conelrad monitoring during
transmitting periods.

The oscillator can be checked for proper fre-
quency range by the use of a grid-dip meter
before power is applied or, after power has been
turned on, by listening on a communications
receiver covering the 2-to-3 Me. range.

Now connect an antenna to the input of the
converter and connect the converter to the broad-
cast receiver. Set the broadcast receiver at 1500
ke. (or to the frequency normally used with the
ham-band converter). Turn on the power and
adjust C4 and the slug of L4 for a peak in noise
(if you can’t find a signal). Then adjust the slug
of Ly for maximum response,

Fig. 19-44 shows how the converter can be
connected into a convenient switch system.,
(Originally described in QST, June, 1957).

Mobile Power Supply

By far the majority of amateur mobile in-
stallations depend upon the car storage battery
as the source of power. The tube types used in
equipment are chosen so that the filaments or
heaters may be operated directly from the
battery. High voltage may be obtained from
a supply of the vibrator-transformer-rectifier
type, a small motor generator or a transistor-
transformer-rectifier system operating from the
car battery.

Filaments

Because tubes with directly heated cathodes
(filament-type tubes) have the advantage that
they can be turned off during receiving periods
and thereby reduce the average load on the
battery, they are preferred by some for trans-
mitter applications. However, the choice of
types with direct heating is limited and the
saving may not always be as great as antici-
pated, because directly heated tubes may re-
quire greater filament power than those of
equivalent rating with indirectly heated cath-
odes. In most cases, the power required for

transmitter filaments will be quite small com- ..

pared to the total power consumed.

Plate Power

Under steady running conditions, the vi-
brator-transformer-rectifier system and the
motor-generator-type plate supply operate
with approximately the same efficiency. How-
ever, for the same power, the motor-genera-
tor’s over-all efficiency may be somewhat lower
because it draws a heavier starting current.
On the other hand, the output of the generator
requires less filtering and sometimes trouble is
experienced in eliminating interference from
the vibrator.

Transistor-transformer-rectifier plate supplies
currently available operate with an efficiency of
approximately 80 per cent. These compact,
light-weight supplies use no moving parts (vibra-
tor or armature) or vacuum tubes, and draw no
starting surge current. Most transistorized sup-
plies are designed to operate at 12 volts d.c.

and some units deliver 125 watts or more.

Converter units, both in the wvibrator and
rotating types, are also available. These operate
at 6 or 12 volts d.c. and deliver 115 volts a.c.
This permits operating standard a.c.-powered
equipment in the car. Although these systems
have the advantage of flexibility, they are less
efficient than the previously mentioned systems
because of the additional losses introduced by
the transformers used in the equipment.

Mobile Power Considerations

Since the car storage battery is a low-voltage
source, this means that the current drawn
from the battery for even a moderate amount
of power will be large. Therefore, it is impor-
tant that the resistance of the battery circuit
be held to a minimum by the use of heavy con-
ductors and good solid connections. A heavy-
duty relay should be used in the line between the
battery and the plate-power unit. An ordinary
toggle switch, located in any convenient position,
may then be used for the power control. A
second relay may sometimes be advisable for
switching the filaments. If the power unit must
be located at some distance from the battery
(in the trunk, for instance) the 6- or 12-volt cable
should be of the heavy military type.

A complete mobile installation may draw
30 to 40 amperes or more from the 6-volt bat-
tery or better than 20 amperes from a 12-volt
battery. This requires a considerably increased
demand from the car’s battery-charging gen-
erator. The voltage-regulator systems on cars
of recent years will take care of a moderate
increase in demand if the car is driven fair dis-
tances regularly at a speed great enough to
insure maximum charging rate. However, if
much of the driving is in urban areas at slow
speed, or at night, it may be necessary to
modify the charging system. Special commu-
nications-type generators, such as those used
in police-car installations, are designed to
charge at a high rate at slow engine speeds.
The charging rate of the standard system can
be increased within limits by tightening up
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slightly on the voltage-regulator and current-
regulator springs. This should be done with cau-
tion, however, checking for excessive generator
temperature or abnormal sparking at the com-
mutator. The average 6-volt car generator has a
rating of 35 amperes, but it may be possible to
adjust the regulator so that the generator will at
least hold even with the transmitter, receiver,
lights, ete., all operating at the same time.

If higher transmitter power is used, it may
be necessary to install an a.c. charging system.
In this system, the generator delivers a.c. and
works into a rectifier. A charging rate of
75 amperes is ecasily obtained. Commutator
trouble often experienced with d.c. generators
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at high current is avoided, but the cost of such
a system is rather high.

Some mobile operators prefer to use a sep-
arate battery for the radio equipment. Such a
system can be arranged with a switch that cuts
the auxiliary battery in parallel with the car
battery for charging at times when the car
battery is lightly loaded. The auxiliary battery
can also be charged at home when not in use.

A tip: many mobile operators make a habit
of carrying a pair of heavy cables five or six
feet long, fitted with clips to make a connee-
tion to the battery of another car in case the
operator’s battery has been allowed to run too
far down for starting.

The Automobile Storage Battery

The success of any mobile installation depends
to a large extent upon intelligent use and main-
tenance of the car’s battery.

The storage battery is made up of units con-
sisting of a pair of coated lead plates immersed
in a solution of sulphuric acid and water. Cells,
each of which delivers about 2 wvolts, can be
connected in series to obtain the desired battery
voltage. A 6-volt battery therefore has three
cells, and a 12-volt battery has 6 cells. The
average stock car battery has a rated capacity
of 600 to 800 watt-hours, regardless of whether
it is a G-volt or 12-volt battery.

Specific Gravity and the Hydrometer

As power is drawn from the battery, the acid
content of the electrolyte is reduced. The acid
content is restored to the electrolyte (meaning
that the battery is recharged) by passing a
current through the battery in a direction op-
posite to the direction of the discharge current.

Since the acid content of the electrolyte varies
with the charge and discharge of the battery, it is
possible to determine the state of charge by
measuring the specific gravity of the electrolyte.

An inexpensive device for checking the s.g. is
the hydrometer which can be obtained at any
automobile supply store. In checking the s.g.,
enough electrolyte is drawn out of the cell and
into the hydrometer so that the calibrated bulb
floats freely without leaning against the wall of
the glass tube.

While the readings will vary slightly with bat-

teries of different manufacture, a reading of 1.275
should indicate full charge or nearly full charge,
while a reading below 1.150 should indicate a
battery that is close to the discharge point. More
specific values can be obtained from the car or
battery dealer.
" Readings taken immediately after adding
water, or shortly after a heavy discharge period
will not be reliable, because the electrolyte will
not be uniform throughout the cell. Charging
will speed up the equalizing, and some mixing can
be done by using the hydrometer to withdraw
and return some of the electrolyte to the cell
several times.
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A battery should not be left in a discharged
condition for any appreciable length of time.
This is especially important in low temperatures
when there is danger of the electrolyte freezing
and ruining the battery. A battery discharged to
an s.g. of 1.100 will start to freeze at about 20
degrees F., at about 5 degrees when the s.g. is
1.150 and at 16 below when the s.g. is 1.200.

If a battery has been run down to the point
where it is nearly discharged, it can usually be
fast-charged at a battery station. Fast-charging
rates may be as high as 80 to 100 amperes for a
6-volt battery. Any G-volt battery that will ac-
cept a charge of 75 amperes at 7.75 volts during
the first 3 minutes of charging, or any 12-volt
battery that will accept a charge of 40 to 45
amperes at 15.5 volts, may be safely fast-charged
up to the point where the gassing becomes so
excessive that electrolyte is lost or the tempera-
ture rises above 125 degrees.

A normal battery showing an s.g. of 1.150
or less may be fast-charged for 1 hour. One
showing an s.g. of 1.150 to 1.175 may be fast-
charged for 45 minutes. If the s.g. is 1.175 to
1.200, fast-charging should be limited to 30
minutes.

Care of the Battery

The battery terminals and mounting frame
should be kept free from corrosion. Any corrosive
accumulation may be removed by the use of
water to which some household ammonia or
baking soda has been added, and a stiff-hristle
brush. Care should be taken to prevent any of the
corrosive material from falling into the cells.
Cell eaps should be rinsed out in the same solution
to keep the vent holes free from obstructing dirt.
Battery terminals and their eable clamps should
be polished bright with a wire brush, and coated
with mineral grease.

The hold-down clamps and the battery holder
should be checked oceasionally to make sure
that they are tight so the battery will not be
damaged by pounding when the car is in motion.

Voltage Checks

Although the readings of s.g. are quite reliable
as a measure of the state of charge of a normal
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battery, the necessity for frequent use of the
hydrometer is an inconvenience and will not
always serve as a conclusive check on a defective
battery. Cells may show normal or almost normal
s.g. and vet have high internal resistance that
ruins the usefulness of the battery under load.

When all cells show satisfactory s.g. readings
and yet the battery output is low, service stations
check each cell by an instrument that measures
the voltage of each cell under a heavy load.
Under a heavy load the cell voltages should
not differ by more than 0.15 volt.

A load-voltage test can also be made by meas-
uring the voltage of each cell while closing the
starter switch with the ignition turned off. In
many cars it is necessary to pull the central dis-

tributor wire out to prevent the motor starting.

Electrolyte Level

Water is evaporated from the electrolyte, but
the acid is not. Therefore water must be added
to each cell from time to time so that the plates
are always completely covered. The level should
be checked at least once per week, especially
during hot weather and constant operation.

Distilled water is preferred for replenishing,
but clear drinking water is an acceptable substi-
tute. Too much water should not be added, since
the gassing that accompanies charging may force
electrolyte out through the vent holes in the caps
of the cells. The electrolyte expands with tem-
perature. (From QST, August, 1955.)

Emergency and Independent Power Sources

Emergencey power supply which operates in-
dependently of a.c. lines is available, or can be
built in a number of different forms, depending
upon the requirements of the service for which
it is intended.

The most practical supply for the average
individual amateur is one that operates from
a car storage battery. Such a supply may take
the form of a small motor genecrator (often called
a dynamotor), a rotary converter, a vibrator-
transformer-rectifier combination, or transistor
supply.

Dynamotors

A dynamotor differs from a motor generator
in that it is a single unit having a double arma-
ture winding. One winding serves for the
driving motor, while the output voltage is
taken from the other. Dynamotors usually are
operated from 6-, 12-, 28- or 32-volt storage
batteries and deliver from 300 to 1000 volts
or more at various current ratings.

Successful operation of dynamotors requires
heavy direct leads, mechanical isolation to re-
duce vibration, and thorough r.f. and ripple fil-
tration. The shafts and bearings should be thor-
oughly “run in" before regular operation is at-
tempted, and thereafter the tension of the bear-
ings should be checked occasionally to make
certain that no looseness has developed.

In mounting the dynamotor, the support
should be in the form of rubber mounting
blocks, or equivalent, to prevent the transmis-
sion of vibration mechanically. The frame of
the dynamotor should be grounded through a
heavy flexible connector. The brushes on the
high-voltage end of the shaft should be by-
passed with 0.002-uf. mica capacitors to a
common point on the dynamotor frame, pref-
erably to a point inside the end cover close to the
brush holders. Short leads are essential. It may
prove desirable to shield the entire unit, or even
to remove the unit to a distance of three or four
feet from the receiver and antenna lead.

When the dynamotor is used for receiving, a
filter should be used similav to that described

for vibrator supplies. A 0.01-uf. 600-volt (d.c.)
paper capacitor should be connected in shunt
across the output of the dynamotor, followed by
a 2.5-mh. r.f. choke in the positive high-voltage
lead. From this point the output should be run to
the receiver power terminals through a smoothing
filter using 4- to 8-uf. capacitors and a 15- or
30-henry choke having low d.c. resistance.

Vibrator Power Supplies

The vibrator type of power supply consists
of a special step-up transformer combined with
a vibrating interrupter (vibrator). When the
unit is connected to a storage battery, plate
power 18 obtained by passing current from the
battery through the primary of the trans-
former. The circuit is made and reversed
rapidly by the vibrator contacts, interrupting
the current at regular intervals to give a
changing magnetic field which induces a volt-
age in the sccondary. The resulting square-
wave d.c. pulses in the primary of the trans-
former cause an alternating voltage to be
developed 1n the secondary. This high-voltage
a.c. in turnis rectified, either by a vacuum-tube
rectifier or by an additional synchronized pair
of vibrator contacts. The rectified output is
pulsating d.c., which may be filtered by ordi-
nary means. The smoothing filter can be a
single-section affair, but the output capaci-
tance should be fairly large — 16 to 32 uf.

TFig. 19-45 shows the two types of circuits. At
A is shown the nonsynchronous type of vibra-
tor. When the battery is disconnected the
reed is midway between the two contacts,
touching neither. On closing the battery circuit
the magnet coil pulls the reed into contact
with one contact point, causing current to flow
through the lower half of the transformer
primary winding. Simultancously, the magnet
coil is short-circuited, deénergizing it, and the
reed swings back. Inertia carrvies the reed into
contact with the upper point, causing current
to flow through the upper half of the trans-
former primary. The magnet coil again is en-
ergized, and the cycle repeats itself.
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Fig. 19-45—Basic types of vibrator power-supply
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The synchronous circuit of TFig. 19-45B is
provided with an extra pair of contacts which
rectify the secondary output of the trans-
former, thus eliminating the need for a sepa-
rate rectifier tube. The secondary center-tap
furnishes the positive output terminal when
the relative polarities of primary and second-
ary windings are correct. The proper connec-
tions may be determined by experiment.

The buffer capacitor, Cs, across the trans-
former secondary, absorbs the surges that
occur on breaking the current, when the mag-
netic field collapses practically instantancously
and hence causes very high voltages to be
induced in the secondary. Without this capacitor
excessive sparking occurs at the vibrator con-
tacts, shortening the vibrator life. Correct
values usually lie between 0.005 and 0.03 wuf.,
and for 250-300-volt supplies the capacitor
should be rated at 1500 to 2000 volts d.c. The
exact capacitance is critical, and should be
determined experimentally. The optimum
value is that which results in least battery
current for a given rectified d.c. output from
the supply. In practice the value can be deter-
mined by observing the degree of vibrator
sparking as the capacitance is changed. When
the system is operating properly there should
be practically no sparking at the vibrator con-
tacts. A 5000-ohm resistor in series with Ca will
limit the secondary current to a safe value
should the capacitor fail.

Vibrator-transformer units are available in a
variety of power and voltage ratings. Repre-
sentative units vary from one delivering 125
to 200 volts at 100 ma. to others that have a
400-volt output rating at 150 ma. Most units
come supplied with “hash” filters, but not all
of them have built-in ripple filters. The re-
quirements for ripple filters are similar to those
for a.c. supplies. The usual efficiency of
vibrator packs is in the vicinity of 70 per cent,
so a 300-volt 200-ma. unit will draw ap-
proximately 15 amperes from a 6-volt storage
battery. Special vibrator transformers are also
available from transformer manufacturers so
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that the amateur may build his own supply if
he so desires. These have d.c. output ratings
varying from 150 volts at 40 ma. to 330 volts
at 135 ma.

Vibrator-type supplies are also available for
operating standard a.c. equipment from a 6- or
12-volt storage battery in power ratings up to 100
watts continuous or 125 watts intermittent.

“"Hash’’ Elimination

Sparking at the vibrator contacts causes r.f.
interference (‘‘hash,” which can be distin-
guished from hum by its harsh, sharper pitch)
when used with a receiver. To minimize this,
r.f. filters are incorporated, consisting of RFC,
and 1 in the battery circuit, and RFCs with Cy
in the d.c. output circuit.

Equally as important as the hash filter is
thorough shielding of the power supply and
its connecting leads, since even a small piece
of wire or metal will radiate enough r.f. to cause
interference in a sensitive amateur receiver.

The power supply should be built on a metal
chassis, with all unshielded parts underneath. A
bottom plate to complete the shielding is advis-
able. The transformer case, vibrator cover and
the metal shell of the tube all should be grounded
to the chassis. If a glass tube is used it should be
enclosed in a tube shield. The battery leads should
be evenly twisted, since these leads are more
likely to radiate hash than any other part of a
well-shielded supply. Experimenting with differ-
ent values in the hash filters should come after
radiation from the battery leads has been re-
duced to a minimum. Shielding the leads is not
often found to be particularly helpful.

@ UNIVERSAL VIBRATOR
POWER SUPPLY

A vibrator-type power supply may be de-
signed to operate from a storage battery only,
or from either a battery or 115 volts a.c. Most
late-model cars use 12-volt batteries, but there
are still many cars with 6-volt systems in opera-
tion — a point that should be given due con-
sideration where emergency operation is an
objective.

The circuit of a universal power supply for
emergency, mobile, or home-station use is shown
in Fig. 19-46. The unit furnishes a d.c. output
of 300 volts at 160 ma. and can be operated
from any of the above-mentioned sources. Shift-
ing from one power source to another is accom-
plished by plugging P, or Ps, connected to the
selected source, into one of the two chassis con-
nectors Jq or Jo. The vibrator-primary current is
11.6 amperes with 6-volt input wunder loaded
conditions, and 6.8 amperes with 12-volt input.

Heater Connections

To adapt equipment for optional 6- or 12-volt
operation, 6-volt tubes must be used with their
heaters in series-parallel. Fig. 19-47 shows a
typical example of eonnections, The tubes in the
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Fig. 19-46—Circuit of the universal power supply. All capacitances are in uf.

Cy—Buffer capacitor, tubular plastic.

Cz2, Ca—Hash-filter capacitor, paper.

Cs—Hash-filter capacifor, disk ceramic.

Cs, Ce—Ripple-filter capacitor, 5 uf. or more, 600-volt
oil-filled or electrolytic.

Fi—3-amp. cartridge fuse (Littlefuse type 3AG) in
extractor-post mounting (Littlefuse 341001).

F;—20-amp. cartridge fuse (Litllefuse type SFE) in
in-line fuse retainer (Littlefuse 155020).

lL—Neon pilot lamp.

Ji, Je—12-contact male chassis connector (Cinch-Jones
P-312-AB).

Js, Ja—b-contact female chassis connector (Cinch-Jones
S-306-AB).

Li—5-h. 200-ma. 80-ohm filter choke (Merit C-13946,
Stancor C-1411).

P1, Pa—12-contact female cable connector (Cinch-Jones
$-312-CCT).

P3, Pi—é-contact male cable connector (Cinch-Jones
P-306-CCT).

Ps—Cigar-lighter plug {Mallory R-675).

equipment should be divided into two groups
whose heater-current ratings total as closely as
possible the same wvalue. The heaters in each
group should be connected in parallel, and the
two groups then connected in series. If it is im-
possible to arrive at a grouping that will have
exactly the same total current, a resistor may
be connected in parallel with the group drawing
the smaller current as shown. The value of this
resistor should be such that it will draw enough

R;—Buffer resistor.

Rz—Series voltage-dropping resistor for receiver, slider
adjustable.

RFC:—30 turns No. 14 enam., ¥2-inch diam., close-wound.

RFC2—1-mh. r.f. choke (National R-300-U, Millen 34106).

S1—S.p.s.t. toggle switch.

S2—S.p.d.t. toggle switch.

S3—3S.p.d.t. toggle, or other, at transmitter.

Ti—Combination power transformer: é-volt d.c. vibrator
or 115 v. a.c. input; 300 volts, 160 ma.; 6.3
volts 3 amp.; 6.3-volt 4.5-amp. tap on vibrator
primary (Merit P-3176). Numbered terminals
are color-coded as follows: 1—heavy green;
2—yellow; 3—light green; 4—black; 5—brown;
6—blue; 7—white; 8—red; 9—red-yellow;
10—red; 11 and 12—black.

X1—4-prong tube socket for 6-volt vibrator (Mallory
4501 vibrator).

Xz2—4-prong tube socket for 12-volt vibrator (Mallory
G4501 vibrator).

current at 6 volts to make up the difference be-
tween the two totals. One side of one group may
be grounded to chassis but the other side of this
group and both sides of the second group must
be insulated.

Switching Circuits

Battery input connections are made through
P; which plugs into a cigar-lighter socket in
mobile service, F2 is a fuse which is inserted in the
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Fig. 19-47—Circuit
showing typical series-
parallel heater connec-
tions for é-volt and
6/12-volt tubes. Re-
sistor Ri is used when
necessary to balance
the currents in the two
branches as described
in the text. The dashed

I

l l line shows how the
! i switching system con-
Ry nects all tubes in paral-
VWA lel for 6-volt opera-
T tion by grounding.
- . Y y
&V, 12v.

cord between Pj and Pi.

For 6-volt operation P; is plugged into Ji.
For 12-volt operation P; is plugged into Js.
For 115-volt a.c. operation Ps is plugged into Jo.

Positive high-voltage output from the supply
is fed to Pins 3 on output connectors J3 and Ja.
The three heater connections are made through
Pins 1, 2 and 6. The cable for transmitter plug
P3 has provision for connecting to a transmit-
receive switch (S3) at the transmitter. In the
transmit position the plate voltage is fed to the
transmitter. In the receive position the switeh
feeds the plate voltage, via Pin 4, through series
voltage-dropping resistor Rs to Pin 4 on the other
output jack and thence to the receiver. It will be
noticed that the same circuit results with Py
and Py in either output jacik.

Construction

The unit is constructed on a 7 X 12 X 3-inch
chassis, with only the transformer and output
connectors J3 and Js above deck. The two recti-
fier tubes and both vibrators are mounted below
deck for compactness and shielding. This leaves
a clear area on top of the chassis for mounting a
receiver or small transmitter. Adequate ventila-
tion is provided by patterns of l4-inch holes in
the top of the chassis, directly over the rectifier
tubes, and along the bottom edge of the chassis
on both sides.

The pilot lamp, a.c. power switch and filter
switch Sz can be mounted on the front end of
the chassis, with fuse /1 and the input jacks at
the other end. Shielding should be completed
with a chassis bottom plate.

Operation
Although the circuit is arranged so that no
damage will occur if a mistake is made, the input
connectors should be plainly marked to avoid
plugging a cable into the wrong socket.
Original description appeared in @S7, Oct.,
1957.)

@® TRANSISTOR POWER SUPPLIES

A mobile or portable power supply using
transistors has high over-all efficiency at its
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rated power output. Since there are no moving
parts there are few maintenance problems. Ca-
pacitors and resistors may occasionally need re-
placement, but if the transistors are operated
within their electrical and thermal ratings, their
life expectancy is in terms of years rather than
hours.

In a transistor power supply, the transistors
operate as electronic switches to interrupt the
d.c. through the primary of the power trans-
former much like the mechanical vibrator does
in a vibrator supply.

When voltage is applied to the power supply
circuit, current will flow through the transistors;
however, since no two transistors are precisely
alike electrically, initially one will conduct a
little more cwrrent than the other. This differ-
ence current or ‘‘starting’ current will cause a
small voltage to be induced in the transformer
winding connected to the bases of the transistors.
The polarity is such that the conducting tran-
sistor is biased to conduct even more heavily
while the base of the other transistor is biased to
cutoff. This process continues until the increasing
current causes magnetic saturation of the trans-
former core, at which time the induced voltage
drops to zero and there is no longer enough base
bias to maintain the collector current. When this
happens the current decreases, causing an in-
duced voltage of opposite polarity. The process
then reverses so that the previously nonconduct-
ing transistor starts to conduct and the previ-
ously conducting transistor becomes cut off. The
result is an alternating cwrrent of square-wave
form through the transformer primary. This in
turn induces a stepped-up voltage in the h.v.
secondary of the transformer.

The transistor supply is self-protecting against
overload because if a short circuit or heavy over-
load occurs oscillations cease and the input cur-
rent drops to a low value. The output voltage
regulation is extremely good making the tran-
sistor supply especially useful as a source of
plate or screen power for a single-sideband mo-
bile or portable rig.

Transistor power transformers are available
in both conventional and toroidal construction,
with outputs ranging up to 150 watts. The
circuit shown in Fig. 19-48, a typical transistor
power supply, has an output of about 350 volts
at 190 ma. It uses eight selenium rectifiers in a
bridge circuit but four silicon-type power diodes
having an inverse peak voltage rating of 800
volts or more could be substituted with a sub-
stantial saving in space. The center-tapped
secondary of 771 provides a half-voltage source
that may be used simultaneously with the high
voltage.

In a transistor power supply circuit that has
not been properly designed, small spikes may
appear on the leading edges of the square wave
generated in the transistor power oscillator.
Even though the spikes are of short duration
they can cause punch-through of the transistor
junction if the total voltage execeeds the transis-
tor collector-to-emitter rating. The amplitudes
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2N278
Fig. 19-48 — Circuit of the
transistor power supply. Re- 9
sistances are in ohms.
C1—2000 uf., 15 volts (2
paralleled 1000 wuf.
electrolytics, Sprague
TVA 1163).
CR; through CRs—150 ma.
selenium rectifier (Ra-
dio Receptor 5P1). oN278
F1—10- amp. fuse.
Q1, Q2—2N278 transistors.
Ti—Transistor power trans- Q,
former {(Sunair
Electronics type
14-450-1).

of these spikes can be held to a safe value if the
primary and secondary coils on the power trans-
former are tightly coupled (bifilar wound) and
a large capacitor (C; in Fig. 19-48) is connected
across the low voltage supply.

It is very important to provide good heat
transfer from the mounting bases of the transis-
tors to the chassis. The transistor junction tem-
perature must not be allowed to exceed the
manufacturer’s ratings or thermal runaway will
occur and the transistors will become useless.
Layout of the parts is not critical. A conventional
box type chassis may be used; the larger the
surface area the better, since that means more
rapid heat transfer from the transistors.

Since heat is the prime limiting factor in
transistor power supply operation, placement of
the unit in the car should have special consid-
eration. Try to find a location away from high-
temperature spots and in a well-ventilated area.

@ GASOLINE-ENGINE DRIVEN
GENERATORS

For higher-power installations, such as for
communications control centers during emer-
gencies, the most practical form of independent
power supply is the gasoline-engine driven
generator which provides standard 115-volt
60-cycle supply.

Such generators are ordinarily rated at a
minimum of 250 or 300 watts. They are avail-
able up to ten kilowatts, or big enough to
handle the highest-power amateur rig. Most
are arranged to charge automatically an aux-
iliary 6- or 12-volt battery used in starting.
Fitted with self-starters and adequate mufflers
and filters, they represent a high order of per-
formance and efficiency. Many of the larger
models are liquid-cooled, and they will operate
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continuously at full load.

The output frequency of an engine-driven
generator must fall between the relatively
narrow limits of 50 to 60 cycles if standard
60-cycle transformers are to operate efficiently
from this source. A 60-cycle electrie clock pro-
vides a means of checking the output frequency
with a fair degree of accuracy. The clock is
connected across the output of the generator
and the second hand is checked closely against
the second hand of a watch. The speed of the
engine is adjusted until the two second hands
are in synchronism,

Output voltage should be checked with a
voltmeter since a standard 115-volt lamp bulb,
which is sometimes used for this purpose, is
very inaccurate.

Noise Elimination

Electrical noise which may interfere with re-
ceivers operating from engine-driven a.c. gen-
erators may be reduced or eliminated by tak-
ing proper precautions. The most important
point is that of grounding the frame of the
generator and one side of the output. The
ground lead should be short to be effective,
otherwise grounding may actually increase the
noise. A water pipe may be used if a short con-
nection can be made near the point where the
pipe enters the ground, otherwise a good sepa-
rate ground should be provided.

The next step is to loosen the brush-holder
locks and slowly shift the position of the
brushes while checking for noise with the re-
ceiver. Usually a point will be found (almost
always different from the factory setting)
where there is a marked decrease in noise.

From this point on, if necessary, bypass
capacitors from wvarious brush holders to the
frame, as shown in Fig. 19-49, will bring the
hash down to within 10 to 15 per cent of its
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TABLE 19-III
Service life of some typical zinc-carbon cells and batteries

. Continuous 4 hours per

Cell or Battery ASA Cell Size SErie dery service
ma hrs. ma hrs.
1.5 v. pen light cell AA 30 14 20 33
1.5 v. flash light cell D 160 9 130 21
1.5 v. ignition cell #6 500 43 500 80
F30 18 9 16 14
']435bv ‘,;t67‘5 o 0¥ F40 19 15 17 24
URORE F70 20 35 24 47

original intensity, if not entirely eliminating it.
Most of the remaining noise will be reduced
still further if the high-power audio stages
are cut out and a pair of headphones is con-
nected into the second detector.

Wz

--[llllllllllllll
—
——

}
| Slgp/ I '

: Rings : :
be—ito vours Ac—~-)
H ’

[}
t=—wovotrsoc. ——'
! .

Fig. 19-49—Connections used for eliminating interference
from gas-driven generator plants. C should be 1 uf.,
300 volts, paper, while C2 may be 1 uf. with a voltage
rating of twice the d.c. output voltage delivered by the
generator. X indicates an added connection between
the slip ring on the grounded side of the
line and the generator frame.

@ POWER FOR PORTABLES
Dry Cell Batteries

Dry-cell batteries are a practical source of
power for supplying portables or equipment
which must be transported on foot. However,
they are costly and have limited current capa-

bility. The zinc-carbon cells lose their power
even when not in use, if allowed to stand idle for
periods of a year or more. This makes them
uneconomical if not used more or less con-
tinuously.

The mercury cell has a much higher ratio of
ampere-hour capacity to volume at higher cur-
rent densities than are obtainable from the con-
ventional dry cell. Mercury batteries are well
suited for emergency portable operation even
after many months of storage.

Typical service life data for several types of
zine-carbon cells and batteries is given in Table
19-I11. The figures show length of service time
before the cell terminal voltage drops to 1.0
volt (in B-batteries, when individual eells reach
1.0 volt).

Mercury batteries and cells are available in
several sizes and shapes. Some may be oper-
ated at current drains up in the ampere range
and others are available in potentials in the
hundreds of volts. A typical 1.35-volt mercury
cell measuring only 217 X 211 X 234 inches,
has a capacity of 43 ampere hours (maximum
current 3 amperes). Cells of this type would be
useful for filament or heater applications. A
representative mercury B-battery has a voltage
of 67.5 volts and a capacity of 3.6 ampere hours
(maximum current 250 ma.}). It measures about
33% > 114 X 1014 inches.
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Practices

@ TOOLS AND MATERIALS

While an easier, and perhaps a better, job
can be done with a greater variety of tools
available, by taking a little thought and
care it is possible to turn out a fine piece of
equipment with only a few of the common
hand tools. A list of tools which will be in-
dispensable in the construction of radio
equipment will be found on this page. With
these tools it should be possible to perform
any of the required operations in preparing

INDISPENSABLE TOOLS

Long-nose pliers, 6-inch,

Diagonal cutting pliers, 6-inch.

Wire stripper.

Screwdriver, 6- to 7-inch, 1{-inch blade.

Serewdriver, 4- to 5-inch, ¥§-inch blade.

Secrateh awl or seriber for marking lines.

Combination square, 12-inch, for laying out work,

Hand drill, X{-inch chuck or larger, 2-speed type
preferable.

Electric soldering iron, 100 watts, }{-in. tip.

Hack saw, 12-inch blades.

Center punch for marking hole centers.

Hammer, ball-peen, 1-1b. head.

Heavy knife.

Yardstick or other straightedge.

Carpenter’s brace with adjustable hole cutter or
socket-hole punches (see text).

Large, coarse, flat file,

Large round or rat-tail file, 24-inch diameter.

Three or four small and medium files—flat, round,
half-round, triangular.

Drills, particularly 14-inch and Nos. 18, 28, 33, 42
and 50.

Combination oil stone for sharpening tools.

Solder and soldering paste (noncorroding).

Medium-weight machine oil.

ADDITIONAL TOOLS

Bench vise, 4-inch jaws.

Tin shears, 10-inch, for cutting thin sheet metal.

Taper reamer, ¥4-inch, for enlarging small holes.

Taper reamer, 1-inch, for enlarging holes.

Countersink for brace.

Carpenter’s plane, 8- to 12-inch, for woodworking.

Carpenter’s saw, crosscut.

Motor-driven emery wheel for grinding.

Long-shank screwdriver with screw-holding clip
for tight places.

Set of “‘Spintite” socket wrenches for hex nuts.

Set of small, flat, open-end wrenches for hex nuts.

Wood chisel, ¥4-inch.

Cold chisgel, V4-inch,

Wing dividers, 8inch, for scribing circles.

Set of machine-serew taps and dies.

Dusting brush.

Socket punches, esp. 8§, 34", 114" and 124",

CHAPTER 20

panels and metal chassis for assembly and
wiring. It is an excellent idea for the amateur
who does construetional work to add to his
supply of tools from time to time as finances
permit.

Several of the pieces of light woodworking
machinery, often sold in hardware stores and
mail-order retail stores, are ideal for amateur
radio work, especially the drill press, grinding
head, band and circular saws, and joiner. Al-
though not essential, they are desirable should
you be in a position to acquire them.

Twist Drills

Twist drills are made of either high-speed
steel or carbon steel. The latter type is more
common and will usually be supplied unless
specific request is made for high-speed drills.
The carbon drill will suffice for most ordinary
equipment construction work and costs less
than the high-speed type.

While twist drills are available in a number
of sizes those listed in bold-faced type in Table
20-1 will be most commonly used in construc-
tion of amateur equipment. It is usually de-
sirable to purchase several of each of the
commonly used sizes rather than a standard set,
most of which will be used infrequently if at all.

Care of Tools

The proper care of tools is not alone a mat-
ter of pride to a good workman. He also real-
izes the energy which may be saved and the
annoyance which may be avoided by the pos-
session of a full kit of well-kept sharp-edged
tools.

Drills should be sharpened at frequent in-
tervals so that grinding is kept at a minimum
each time. This makes it easier to maintain the
rather critical surface angles required for best
cutting with least wear. Occasional oilstoning
of the cutting edges of a drill or reamer will ex-
tend the time between grindings.

The soldering iron can be kept in good
condition by keeping the tip well tinned with
solder and not allowing it to run at full voltage
for long periods when it is not being used.
After each period of use, the tip should be re-
moved and cleaned of any scale which may
have accumulated. An oxidized tip may be
cleaned by dipping it in sal ammoniac while
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hot and then wiping it clean with a rag. If the
tip becomes pitted it should be filed until
smooth and bright, and then tinned immedi-
ately by dipping it in solder.

Useful Materials

Small stocks of various miscellaneous ma-
terials will be required in constructing radio
apparatus, most of which are available from
hardware or radio-supply stores. A representa-
tive list follows:

Sheet aluminum, solid and perforated, 16 or 18
gauge, for brackets and shielding.

14 X 14-inch aluminum angle stock.

14-inch diameter round brass or aluminum rod
for shaft extensions.

Machine serews: Round-head and flat-head,
with nuts to fit. Most useful sizes: 4-30,
6-32 and 8-32, in lengths from 1 inch to
114 inches. (Nickel-plated iron will be
found satisfactory except in strong r.f.
fields, where brass should be used.)

Bakelite, lucite and polystyrene scraps.

Soldering lugs, panel bearings, rubber
grommets, terminal-lug wiring strips, var-
nished-cambric insulating tubing.

Shielded and unshielded wire.

Tinned bare wire, Nos. 22, 14 and 12.

Machine screws, nuts, washers, soldering
lugs, ete., are most reasonably purchased in
quantities of a gross.

@ CHASSIS WORKING

With a few essential tools and proper pro-
cedure, it will be found that building radio
gear on a metal chassis is no more of a chore
than building with wood, and a more satisfac-
tory job results. Aluminum is to be preferred to
steel, not only because it is a superior shielding
material, but because it is much easier to work
and to provide good chassis contacts.

The placing of components on the chassis
is shown quite clearly in the photographs in
this Handbook. Aside from certain essential
dimensions, which usually are given in the text,
exact duplication is not necessary.

Much trouble and energy can be saved by
spending sufficient time in planning the job.
When all details are worked out beforehand
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Fig. 20-1—Method of measuring the heights of capacitor
shafts, etc. If the square is adjustable, the end of the scale
should be set flush with the face of the head.
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TABLE 20-1
Numbered Drill Sizes
Drilled for
Diameter Will Clear Tapping Iron,
Number (mils) Serew Steel or Brass*®

1 228.0 — —

2 221.0 12-24 —_

3 213.0 — 14-24

4 209.0 12-20 —

5] 205.0 — —

6 204.0 —_ —

it 201.0 — —

8 199.0 _ —

9 196.0 — —_
10 193.5 10-32 -_—
11 191.0 10-24 —
12 189.0 —_ —
13 185.0 — —
14 182.0 — ==
15 180.0 — —
16 177.0 — 12-24
17 173.0 = =
18 169.5 8-32 —_—
19 166.0 — 12-20
20 161.0 — —
21 1569.0 = 10-32
22 157.0 — —_
23 154.0 — _—
24 152.0 —_— _—
25 149.5 —_— 10-24
26 147.0 —_ —_
27 144.0 — —_
28 140.0 6-32 _—
29 136.0 —_ 8-32
30 128.5 —_ —
31 120.0 — —_
32 116.0 — —
33 113.0 4-36, 4-40 —_
34 111.0 —_ —
35 110.0 = 6-32
36 106.5 — —_
37 104.0 — _
38 101.5 —_ _—
39 099.5 3-48 =
40 098.0 —_ —_
41 096.0 L= —
42 093.5 —_ 4-36, 4-40
43 089.0 2-56 —
44 086.0 — =
45 082.0 — 3-48
46 081.0 — —
47 078.5 — —_—
48 076.0 — —
49 073.0 — 2-56
50 070.0 — —
51 067.0 — =
52 063.5 —_ —
53 059.5 — —_
54 055.0 — —_

*Use one size larger for tapping bakelite and hard
rubber.

the actual construction is greatly simplified.

Cover the top of the chassis with a piece of
wrapping paper or, preferably, cross-section
paper, folding the edges down over the sides
of the chassis and fastening with adhesive tape.
Then assemble the parts to be mounted on top
of the chassis and move them about until a
satisfactory arrangement has been found, keep-
ing in mind any parts which are to be mounted
underneath, so that interferences in mounting
may be avoided. Place capacitors and other
parts with shafts extending through the panel
first, and arrange them so that the controls will



Metal Work

form the desired pattern on the panel. Be sure
to line up the shafts squarely with the chassis
front. Locate any partition shields and panel
brackets next, and then the tube sockets and
any other parts, marking the mounting-hole
centers of each accurately on the paper. Watch
out for capacitors whose shafts are off center
and do not line up with the mounting holes.
Do not forget to mark the centers of socket
holes and holes for leads under i.f. transformers,
ete., as well as holes for wiring leads. The small
holes for socket-mounting screws are best located
and center-punched, using the socket itself as a
template, after the main center hole has been cut.

By means of the square, lines indicating ac-
curately the centers of shafts should be ex-
tended to the front of the chassis and marked
on the panel at the chassis line, the panel
being fastened on temporarily. The hole centers
may then be punched in the chassis with the
center punch. After drilling, the parts which re-
quire mounting underneath may be located and
the mounting holes drilled, malking sure by trial
that no interferences exist with parts mounted
on top. Mounting holes along the front edge
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Fig. 20-2—To cut rectangular holes in a chassis corner,

holes may be filed out as shown in the shaded portion of

B, making it possible to start the hack-saw blade along

the cutting line. A shows how a single-ended handle may
be constructed for a hack-saw blade.

of the chassis should be transferred to the
panel, by once again fastening the panel to the
chassis and marking it from the rear.

Next, mount on the chassis the capacitors
and any other parts with shafts extending to
the panel, and measure accurately the height
of the center of each shaft above the chassis,
as illustrated in Fig. 20-1. The horizontal dis-
placement of shafts having already been
marked on the chassis line on the panel, the
vertical displacement can be measured from
this line. The shaft centers may now be marked
on the back of the panel, and the holes drilled.
Holes for any other panel equipment coming
above the chassis line may then be marked and
drilled, and the remainder of the apparatus
mounted. Holes for terminals ete., in the rear
edge of the chassis should be marked and drilled
at the same time that they are done for the top.

Drilling and Cutting Holes

When drilling holes in metal with a hand
drill it is important that the centers first be
located with a center punch, so that the drill
point will not “walk’ away from the center
when starting the hole. When the drill starts to
break through, special care must be used.
Often it is an advantage to shift a two-speed
drill to low gear at this point. Holes more
than 14 inch in diameter may be started with a
smaller drill and reamed out with thelarger drill.

The chuck on the usual type of hand drill is
limited to l4-inch drills. Although it is rather
tedious, the l4-inch hole may be filed out to
larger diameters with round files. Another
method possible with limited tools is to drill a
series of small holes with the hand drill along
the inside of the diameter of the large hole,
placing the holes as close together as possible,
The center may then be knocked out with a
cold chisel and the edges smoothed up with a
file. Taper reamers which fit into the carpen-
ter’s brace will make the job easier. A large rat-
tail file clamped in the brace makes a very good
reamer for holes up to the diameter of the file,
if the file is revolved counterclockwise.

For socket holes and other large round holes,
an adjustable cutter designed for the purpose
may be used in the brace. Occasional applica-
tion of machine oil in the cutting groove will
help. The cutter first should be tried out on a
block of wood, to make sure that it is set for
the correct diameter. The most convenient device
for cutting socket holes is the socket-hole punch.
The best type is that which works by turning a
take-up screw with a wrench.

The burrs or rough edges which usually
result after drilling or cutting holes may be re-
moved with a file, or sometimes more con-
veniently with a sharp knife or chisel. It is a
good idea to keep an old wood chisel sharpened
and available for this purpose.

Rectangular Holes

Square or rectangular holes may be cut out
by making a row of small holes as previously
described, but is more easily done by drilling
a l4-inch hole inside each corner, as illus-
trated in Fig. 20-2, and using these holes for
starting and turning the hack saw. The socket-
hole punch and the square punches which are
now available also may be of considerable as-
sistance in cutting out large rectangular open-
ings.

@ CONSTRUCTION NOTES

If a control shaft must be extended or in-
sulated, a flexible shaft coupling with adequate
insulation should be used. Satisfactory support
for the shaft extension can be provided by
means of a metal panel bearing made for the
purpose. Never use panel bearings of the non-
metal type unless the capacitor shaft is
grounded. The metal bearing should be con-
nected lo thechassis with a wire or grounding strip.
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This prevents any possible danger of shock.

The use of fiber washers between ceramic
insulation and metal brackets, screws or nuts
will prevent the ceramic parts from breaking.

STANDARD METAL GAUGES
Gauge American U. 8. Birmingham
No. or B, & S8.1 Standard 2 or Stubs?
1 .2893 .28125 .300
2 .2576 265625 .284
3 .2294 .25 .259
4 .2043 .234375 .238
5 .1819 21875 .220
6 .1620 .203125 .203
7 .1443 1875 .180
8 L1285 171875 165
9 .1144 15625 .148
10 .1019 140625 134
11 .09074 125 .120
12 .08081 109375 .109
13 07196 .09375 095
14 .06408 078125 083
15 05707 0703125 072
16 .05082 L0625 .065
17 .04526 .05625 .058
18 .04030 .05 .049
19 .03589 04375 .042
20 .03196 .0375 .035
21 .02846 .034375 .032
22 .02535 .03125 .028
23 02257 .028125 .025
24 .02010 .025 .022
25 01790 021875 .020
26 .01594 01875 .018
27 .01420 0171875 .016
28 .01264 .015625 .014
29 .01126 .0140625 .013
30 .01003 .0125 .012
31 .008928 .0109375 .010
32 .007950 .01015625 .009
33 .007080 .009375 .008
34 006350 .00859375 .007
35 005615 .0078125 .005
36 .005000 .00703125 .004

37 .004453 .006640626

38 .003965 .00625

39 003531 = .......

40 003145 L.,

1 Used for aluminum, copper, brass and nonfer-
rous alloy sheets, wire and rods.

2 Used for iron, steel, nickel and ferrous alloy
sheets, wire and rods.

3 Used for seamless tubes; also by some manu-
facturers for copper and brass.

Cutting and Bending Sheet Metal

If a sheet of metal is too large to be cut con-
veniently with a hack saw, it may be marked
with scratches as deep as possible along the
line of the cut on both sides of the sheet and
then clamped in a vise and worked back and
forth until the sheet breaks at the line. Do
not carry the bending too far until the break
begins to weaken; otherwise the edge of the
sheet may become bent. A pair of iron bars
or pieces of heavy angle stock, as long or longer
than the width of the sheet, to hold it in the
vise will make the job easier. *“ C”’-clamps may
be used to keep the bars from spreading at the
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ends. The rough edges may be smoothed up
with a file or by placing a large piece of emery
cloth or sandpaper on a flat surface and run-
ning the edge of the metal back and forth over
the sheet.

Bends may be made similarly. The sheet
should be scratched on both sides, but not so
deeply as to cause it to break.

Finishing Aluminum

Aluminum chassis, panels and parts may be
given a sheen finish by treating them in a caustic
bath. An enamelled container, such as a dishpan
or infant’s bathtub, should be used for the solu-
tion. Dissolve ordinary household lye in cold
water in a proportion of 14 to 14 can of lye per
gallon of water. The stronger solution will do the
job more rapidly. Stir the solution with a stick of
wood until the lye crystals are complete dissolved.
Be very careful to avoid any skin contact with
the solution. It is also harmful to clothing. Suffi-
cient solution should be prepared to cover the
piece completely. When the aluminum is im-
mersed, a very pronounced bubbling takes place
and ventilation should be provided to disperse
the escaping gas. A half hour to two hours in the
solution should be sufficient, depending upon the
strength of the solution and the desired surface.

Remove the aluminum from the solution with
sticks and rinse thoroughly in cold water while
swabbing with a rag to remove the black deposit.
Then wipe off with a rag soaked in vinegar to
remove any stubborn stains or fingerprints. (See
May, 1950, QST, for a method of coloring and
anodizing aluminum.)

Scldering

The secret of good soldering is in allowing
time for the joint, as well as the solder, to attain
sufficient temperature. Enough heat should be
applied so that the solder will melt when it
comes in contact with the wires being joined,
without touching the solder to the iron. Always
use rosin-core solder, never acid-core. Except
where absolutely necessary, solder should never be
depended upon for the mechanical strength of the
joint; the wire should be wrapped around the
terminals or clamped with soldering terminals.

When soldering crystal diodes or carbon re-

DECIMAL EQUIVALENTS OF FRACTIONS
1/82,.....0- 03125 LT/B2y 0o eenn .53125
1/16..... L0625 9/18. .... 5625
8/32........ 09375 19/32....... .69375
L/8 wvennnaa 125 5/8...... 625
5/32........ 15625 21/82. . i 65625
3/16..... 1875 11/16 .6875
T/82: o o snvives 21875 23/32....... 71875
1/4...... .25 3/4...... 75
B33 o ivarinaans 28125 25/82. ;o i ous 78125
5/16..... 3125 13/16 .8125
D172 1 S 34375 27/32....... 84375
B/ 8nisen s 375 T8 o0 ws 875
13/32....... 40625 29/32....... 90625
T8 5.0 s 4375 15/16 9375
15/32....... 46875 81/32....... 96875
/2. .o - .5 Vs onvern e o 1.0
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Fig. 20-3—Cable-stripping dimensions for Jones Type
P-101 plugs. Smaller dimensions are for Y4-inch plugs, the
larger dimensions for Y2-inch plugs. As indicated in C, the
remdaining copper braid is wound with bare or tinned wire
and then tinned, to make a snug fit in the sleeve of the
plug. Hold a hot iron to the sleeve after the cable is
inserted to solder the sleeve to the braid.

sistors in place, especially if the leads have been
cut short and the resistor is of the small Y4-watt
size, the resistor lead should be gripped with a
pair of pliers up close to the resistor so that the
heat will be conducted away from the resistor.
Overheating of the resistor while soldering can
cause a permanent resistance change of as much
as 20 per cent. Also, mechanical stress will have
a similar effect, so that a small resistor should
be mounted so that there is no appreciable
mechanical strain on the leads.

Trouble is sometimes experienced in soldering
to the pins of coil-forms or male eable plugs. Tt
helps first to tin the inside of the pins by applying
soldering paste to the hole, and then flowing
solder into the pin. Then immediately clear the
solder from the hot pin by a whipping motion or
by blowing through the pin from the inside of the
form or plug. Before inserting the wire in the
pin, file the nickel plate from the tip. After solder-
ing, round the solder tip off with a file.

When soldering to sockets, it is a good idea to
have the tube or coil form inserted to prevent
solder running down into the socket prongs. It

Solder Hole

Fig. 20-4—Dimensions for stripping V2-inch cable to fit
Amphenol Type 83-1SP (PL-259) plug.

Solder Hole

Fig. 20-5—Method of assembling Y4-inch cable, Amphenol
Type 83-1SP (PL-259) plug and adapter.

also helps to conduct the heat away when solder-
ing to polystyrene sockets, which often soften
under the heat of the iron.
Wiring

The wire used in connecting up amateur equip-
ment should be selected considering both the
maximum current it will be called upon to handle
and the voltage its insulation must stand without
breakdown. Also, from the consideration of TVI,
the power wiring of all transmitters should be
done with wire that has a braided shielding cover.
Receiver and audio circuits may also require the
use of shielded wire at some points for stability,
or the elimination of hum.

No. 20 stranded wire is commonly used for
most receiver wiring (except for the high-
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Fig. 20-6—Stripping dimensions for Ampheno! 82-830
and 82-832 plug-in connectors. The longer exposed braid
is for the first type.
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Fig. 20-7—Methods of lacing cables. The method shown
at C is more secure, but takes more time than the method
of B. The latter is usually adequate for most
amateur requirements.

frequency circuits) where the current does not
exceed 2 or 3 amperes. For higher-current heater
circuits, No. 18 is available. Wire with cellulose
acetate insulation is good for voltages up to about
500. For higher voltages, thermoplastic-insulated
wire should be used. Inexpensive wire strippers
that make the removal of insulation from hook-up
wire an easy job are available on the market.

In cases where power leads have several
branches in the chassis, it is convenient to use
fiber-insulated tie points or “lug strips” as
anchorages or junction points. Strips of this type
are also useful as insulated supports for resistors,
r.f. chokes and capacitors. High-voltage wiring
should have exposed points held to a minimum,
and those which cannot be avoided should be
rendered as inaccessible as possible to accidental
contact or short-circuit.

Where shielded wire is called for and capaci-
tance to ground is not a factor, Belden type 8885
shielded grid wire may be used. If capacitance
must be minimized, it may be necessary to use a
picce of car-radio low-capacitance lead-in wire,
or coaxial cable.

For wiring high-frequency circuits, rigid wire is
often used. Bare soft-drawn tinned wire, sizes 22
to 12 (depending on mechanieal requirements),
is suitable. Kinks can be removed by stretching a
piece 10 or 15 feet long and then cutting into
short lengths that can be handled conveniently.
R.f. wiring should be run directly from point to
point with a minimum of sharp bends and the
wire kept well spaced from the chassis or other
grounded metal surfaces. Where the wiring must
pass through the chassis or a partition, a clear-
ance hole should be cut and lined with a rubber
grommet. In case insulation becomes necessary,
varnished cambric tubing (spaghetti) can be
slipped over the wire.
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In transmitters where the peak voltage does
not exceed 2500 volts, the shielded grid wire
mentioned above should be satisfactory for power
circuits. For higher voltages, Belden type 8656,
Birnbach type 1820, or shielded ignition cable can
be used. In the case of filament circuits carrying
heavy current, it may be necessary to use No. 10
or 12 bare or enameled wire, slipped through
spaghetti, and then covered with copper braid
pulled tightly over the spaghetti. The chapter
on TVI shows the manner in which shielded wire
should be applied. If the shielding is simply slid
back over the insulation and solder flowed into
the end of the braid, the braid usually will stay
in place without the necessity for cutting it back
or binding it in place. The braid should be
burnished with sandpaper or a knife so that solder
will take with a minimum of heat to protect the
insulation underneath.

R.f. wiring in transmitters usually follows the
method described above for receivers with due
respect to the voltages involved.

Power and control wiring external to the trans-
mitter chassis preferably should be of shielded
wire bound into a cable. Fig. 20-7 shows the cor-
rect methods of lacing cables.

To give a “‘commercial look’ to the wiring of
any unit, run any cabled leads along the edge of
the chassis. If this isn’t possible, the cabled leads
should then run parallel to an edge of the chassis.
Further, the generous use of bakelite tie points
(mounted parallel to an edge of the chassis), for
the support of one or both ends of a resistor or
fixed capacitor, will add to the appearance of the
finished unit. In a similar manner, “dress’” the
small components so that they are parallel to the
panel or sides of the chassis.

Winding Coils

Close-wound coils are readily wound on the
specified form by anchoring one end of a length
of wire (in a vise or to a doorknob) and the
other end to the coil form. Straighten any kinks
in the wire and then pull to keep the wire under
slight tension. Wind the coil to the required num-
ber of turns while walking toward the anchor,
always maintaining the slight tension on the
wire.

To space-wind the coil, wind the coil simul-
taneously with a suitable spacing medium (heavy
thread, string or wire) in the manner described
above. When the winding is complete, secure the
end of the coil to the coil-form terminal and then
carefully unwind the spacing material. If the coil
is wound under suitable tension, the spacing
material can be easily removed without disturb-
ing the winding. Finish the space-wound coil by
judicious applications of Duco cement, to hold
the turns in place.

@ COMPONENT VALUES

Values of composition resistors and small
capacitors (mica and ceramic) are specified
throughout this Handbook in terms of ‘““pre-
ferred values.”” In the preferred-number sys-



Color Codes

TABLE 20-11
Standard Component Values
20% 10% 5%
T'olerance Tolerance Tolerarnce

10 10 10
11

12 12

13

15 15 15
16

18 18

20

22 22 22
24

a7 27

30

33 33 33
36

390 34

3

47 47 47
51

56 56

62

68 68 68
75

82 82

01

100 100 100

tem, all values represent (approximately) a
constant-percentage increase over the next
lower value. The base of the system is the
number 10. Only two significant figures are
used. Table 20-11 shows the preferred values
based on tolerance steps of 20, 10 and 5 per
cent. All other values are expressed by multi-
plying or dividing the base figures given in the
table by the appropriate power of 10. (For
example, resistor values of 33,000 ohms, 6800
ohms, and 150 ohms are obtained by multiply-
ing the base figures by 1000, 100, and 10,
respectively.)

“Tolerance’” means that a variation of plus
or minus the percentage given is considered
satisfactory. FForexample, the actual resistance
of a “4700-ohm” 20-per-cent resistor can lie
anywhere between 3700 and 5600 ohms, ap-
proximately. The permissible variation in the
same resistance value with 5-per-cent tolerance
would be in the range from 4500 to 4900 ohms,
approximately.

Only those values shown in the first column
of Table 20-II are available in 20-per-cent
tolerance. Additional values, as shown in the
second column, are available in 10-per-cent
tolerance; still more values can be obtained in
5-per-cent tolerance.

In the component specifications in this
Handbook, it is to be understood that when no
tolerance is specified the largest tolerance
available in that value will be satisfactory.

Values that do not fit into the preferred-
number system (such as 500, 25,000, etec.)
easily can be substituted. It is obvious, for
example, that a 5000-ohm resistor falls well
within the tolerance range of the 4700-ohm
20-per-cent resistor used in the example above.

It would not, however, be usable if the toler-
ance were specified as 5 per cent.

@ coLoR CODES

Standardized color codes are used to mark
values on small components such as composi-
tion resistors and mica capacitors, and to
identify leads from transformers, ete. The
resistor-capacitor number color code is given
in Table 20-T11.

Fixed Capacitors

The methods of marking “‘ postage-stamp”’
mica capacitors, molded paper capacitors,
and tubular ceramie capacitors are shown in
Trig. 20-8. Capacitors made to American War
Standards or Joint Army-Navy specifications

. . st

Mica capacitors- Black ’—S/Wif/cant f/‘gure
(AWS paper capacitors- Second
Silver) signrficant ﬁyure
O O O
Characteristic Decimal multiplier
Tolerance
AWS and JAN fixed capacitors
Py,

. First I
Significant figure

. Second
S/gniflcant figure

Decimal
mu/t/pl/ er

EIA 3-dot 500-volt,#=20%, tolerance only

Second
First Significant figure,

Jl'gﬂiﬁamt ﬁjwre THird _
.s/yn/ﬁcant ﬁfure

n <>| 55

O 00

) 1 _tﬂecima/ multiplier
Jfb/taye ratin

9 —Tolerance

————

EIA 6-dot

a-First .signifiamé frgure
B-Second .fifn/ﬁcant ﬁgure
C-Decimal multiplier

FEmperature coefficient .
0-Capacitance tolerance,

N
N
N
S

N

]

3
N
]
=
¥
N
N
N

LT

Fixed ceramic capacitors

S
N
3
N
K
&

Fig. 20-8—Color coding of fixed mica, molded paper
and tubular ceramic capacitors. The color code for mica
and molded paper capacitors is given in Table 20-lil.
Table 20-1V gives the color code for tubular
ceramic capacitors.
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are marked with the 6-dot code shown at the
top. Practically all surplus ecapacitors are in
this category. The 3-dot EIA code is used for
capacitors having a rating of 500 volts and
+209, tolerance only; other ratings and
tolerances are covered by the 6-dot EIA code.

Examples: A capacitor with a 6-dot code has
the following markings: Top row, left to right,
black, yellow, violet; bottom row, right to left,
brown, silver, red. Since the first color in the top
row is black (significant figure zero) this is the
AWS code and the eapacitor has mica dielectric.
The significant figures are 4 and 7, the decimal
multiplier 10 (brown, at right of sccond row),
so the capacitance is 470 ppf. The tolerance is
= 109%,. The final color, the characteristic, deals
with temperature coefficients and methods of
testing (see Table 20-V on page 505).

A capacitor with a 3-dot code has the follow-
ing colors, left to right: brown, black, red. The
significant figures are 1, 0 (10) and the multiplier
is 100. The capacitance is therefore 1000 puf.

A capacitor with a 6-dot code has the fol-
lowing markings: Top row, left to right, brown,
black, black; bottom row, right to left, black,
zold, blue. Since the first color in the top row is
neither black nor silver, this is the EIA code.
The significant figures are 1, 0, 0 (100) and the
decimal multiplier is 1 (black). The capacitance
is therefore 100 ppf. The gold dot shows that
the tolerance is = 5% and the blue dot indicates
600-volt rating.

Ceramic Capacitors

Conventional markings for ceramic capaci-
tors are shown in the lower drawing of Fig. 20-8.
The colors have the meanings indicated in
Table 20-1V. In practice, dots may be used
instead of the marrow bands indicated in Fig.
20-8.

Example: A ceramic capacitor has the fol-
lowing markings: Broad band, violet; narrow
bands or dots, green, brown, black, green. The
significant figures are 5, 1 (51) and the decimal
multiplier is 1, so the capacitance is 51 ppuf.

The temperature coefficient is — 750 parts per
million per degree C., as given by the broad
band, and the capacitance tolerance is = 5%.

Fixed Composition Resisfors

Composition resistors (including small wire-
wound units molded in cases identical with the
composition type) are color-coded as shown in
Fig. 20-9. Colored bands are used on resistors
having axial leads; on radial-lead resistors the

@

Fixed composition resistors

Fig. 20-92—Color coding of fixed composition resistors
The color code is given in Table 20-Ill. The colored areas
have the following significance:

A—First significant figure of resistance in ohms.

B—Second significant figure.

C—Decimal multiplier.

D—Resistance tolerance in per cent. If no color is shown
the tolerance is =20%.

colors are placed as shown in the drawing.
When bands are used for color coding the body
color has no significance.

Examples: A resistor of the type shown in the
lower drawing of Fig. 20-9 has the following
color bands: A, red; B, red; C, orange; D, no
color. The significant fizures are 2, 2 (22) and the
deeimal multiplier is 1000. The value of resist-
ance is therefore 22,000 ohms and the tolerance
is =20%.

A resistor of the type shown in the upper draw-
ing has the following colors: body (A), blue;
end (B), gray; dot, red; end (D), gold. The
significant figures are 6, 8 (68) and the decimal
multiplier is 100, so the resistance is 6800 ohms.

The tolerance is =5%,.

IF. Transformers

Blue — plate lead.

Red — “B” + lead.

Green — grid (or diode) lead.
Black — grid (or diode) return.

Norte: If the secondary of the i.f.t. is center-
tapped, the second diode plate lead is green-
and-black striped, and black is used for the
center-tap lead.

TABLE 20-I11 SHBLE 20-IV
Resistor-Capacitor Color Code Color Code for Ceramic Capacitors
Sig/l{‘iﬁ(:a nt D FECL"HI(Z.[ T llmi‘fzncr: l’ui.{uyr Capacitance Tolerance
Color Figure  Multiplier (%) Raling™ ’ n ; 1 | Temp. Coefl.
Black 0 1 = — Significant] Decimal | pr,r0 ihan| Less than| p.p.m./deg
Brown 1 10 1% 100 Color Figure |Multiplier 10 puf. | 10 ppf. C.
Red 2 100 2% 200 @in %) | Gn pufl)
Orange 3 1000 3% 300
Yellow 4 10,000 4% 400
Green 5 100,000 5 500 Black 0 1 =20 2.0 0
Blue 6 1,000,000 G 600 Brown 1 10 =[] —30
Violet 7 10,000,000 T 700 Red 2 100 =2 —80
Gray 8 100,000,000 8% 800 Orange 3 1000 — 150
White 9 1,000,000,000 9% 900 Yellow 4 —220
Gold - 0.1 5 1000 Green 5 *=5 0.5 — 330
Silver - 0.01 10 2000 Blue 6 —470
No color - — 20 500 giolut 7 0.9 — 760
#* A - . " ray 8 0.01 .25 30
‘ Applies to capacitors only. White 9 0.1 =10 1.0 500
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PILOT-LAMP DATA

Lamp Bead Base Bulb RATING
No. Color | (Miniature) | Type Vilts | Amis;
40 Brown Screw T-3Y 6-8 0.15
40A! | Brown Bayonet T-314 6-8 0.15
41 White Screw T-314 2.5 0.5
42 Green Screw T-3Y4 3.2 Ao
43 White Bayonet T-3Y 2.5 0.5
44 Blue Bayonet T-334 6-8 0.25
45 * Bayonet T-3Y 3.2 ok
462 Blue Screw T-34 6-8 0.25
471 Brown Bayonet T-3Y4 6-9 0.15
48 Pink Screw T-3Y4 2.0 0.06
493 Pink Bayonet T-3Y4 2.0 0.06

i White Screw T-34 2.1 0.12
49A3 | White Bayonet T-3Y4 2.1 0.12
50 White Serew G-314 6-8 0.2
512 White Bayonet G-31% 6-8 0.2
—_ White Screw G-413 6-8 0.4
55 White Bayonet G-414 6-8 0.4

2925 White Screw T-34 2.9 0.17

292A5 | White Bayonet, T-3Y4 2.9 0.17

1455 Brown Screw G-5 18.0 0.25
1455A Brown Bayonet G-5 18.0 0.25

140A and 47 are interchangeable.
2 Have frosted bulb.
349 and 49A are interchangeable.
1 Replace with No. 48.
§ Use in 2.5-volt sets where regular bulb burns out
too frequently.
* White in G.E. and Sylvania; green in National
Union, Raytheon and Tung-Sol.
#% (.35 in G.E. and Sylvania: 0.5 in National Union,
Raytheon and Tung-Sol.

TABLE 20-V

Capacitor Characteristic Code

Color

Temperature

Sixth Coefficient Capacitance
Dot p.p.m./deg. C. Drift
Black = 1000 =5 + 1 puf.
Brown = 500 = 39 4 1 puf.
Red -+ 200 = 0.5%
Orange + 100 = 0.3%
Yellow — 20 to + 100 = 0.19% 4+ 0.1 ppuf.
Green 0to + 70 = 0.056% + 0.1 uuf.

A.F. Transformers

Blue — plate (finish) lead of primary.

Red — “B"” 4 lead (this applies whether the
primary is plain or center-tapped).

Brown — plate (start) lead on center-tapped
primaries. (Blue may be used for this lead if
polarity is not important.)

Green — grid (finish) lead to secondary.

Black — grid return (this applies whether the
seccondary is plain or center-tapped).

Yellow — grid (start) lead on center-tapped
secondaries. (Green may be used for this
lead if polarity is not important.)

NotE: These markings apply also to line-to-
grid and tube-to-line transformers.
Loudspeaker Voice Coils
Green — finish.
Black — start.
Loudspeaker Field Coils

Black and Red — start.
Yellow and Red — finish,
Slate and Red — tap (if any).

Power Transformers

1) Primary Leads.............. .....Black
If tapped:
CommMOn.: .« & o5 v wa win ot s = .....Black
Tap........Black and Yellow Striped
Finish........ Black and Red Striped
2) High-Voltage Plate Winding. ........ Red
Center-Tap. . . Red and Yellow Striped
3) Rectifier Filament Winding. ...... Yellow
Center-Tap. . Yellow and Blue Striped
4) Filament Winding No. 1...... .. ..Green
Center-Tap. . Green and Yellow Striped
5) Filament Winding No. 2.......... Brown
Center-Tap. Brown and Yellow Striped
6) Tilament Winding No. 3........ .. Slate

Center-Tap. . . Slate and Yellow Striped
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CHAPTER 21

Measurements

It is practically impossible to operate an
amateur station without making measurements
at one time or another. Although quite crude
measurements often will suffice, more refined
equipment and methods will yield more and
better information. With adequate information
at hand it becomes possible to adjust a piece of
equipment for optimum performance quickly
and surely, and to design circuits along estab-
lished principles rather than depending on cut-
and-try.

Measuring and test equipment is wvaluable
during construction, for testing components
before installation, It is practically indispensable
in the initial adjustment of radio gear, not only
for establishing operating values but also for
tracing possible errors in wiring. It is likewise
needed for locating breakdowns and defective
components in existing equipment.

The basic measurements are those of current,
voltage, and frequency. Determination of the
values of circuit elements -— resistance, induct-
ance and capacitance — are almost equally im-

portant. The inspection of waveform in audio-
frequency circuits is highly useful. For these pur-
poses there is available a wide assortment of in-
struments, both complete and in kit form; the
latter, particularly, compare very favorably in
cost with strictly home-built instruments and are
frequently more satisfactory both in appearance
and calibration. The home-built instruments
described in this chapter are ones having features
of particular usefulness in amateur applications,
and not ordinarily available commerecially.

In using any instrument it should always be
kept in mind that the accuracy depends not only
on the inherent accuracy of the instrument itself
(which, in the case of commereially built units is
usually within a few per cent, and in any event
should be specified by the manufacturer) but
also the conditions under which the measure-
ment is made. Large errors can be introduced by
failing to recognize the existence of conditions
that affect the instrument readings. This is par-
ticularly true in certain types of r.f. measure-
ments, where stray effects are hard to eliminate.

Voltage, Current, and Resistance

@ D.C. MEASUREMENTS

A direct-current instrument — voltmeter, am-
meter, milliammeter or microammeter —is g
device using electromagnetic means to deflect a
pointer over a calibrated scale in proportion to
the current flowing. In the D’Arsonval type a
coil of wire, to which the pointer is attached, is
pivoted between the poles of a permanent mag-
net, and when current flows through the coil it
causes a magnetic field that interacts with that
of the magnet to cause the coil to turn. The
design of the instrument is usually such as to
make the pointer deflection directly proportional
to the current.

A less expensive type of instrument is the
moving-vane type, in which a pivoted soft-iron
vane is pulled into a coil of wire by the magnetic
field set up when current flows through the coil.
The farther the vane extends into the coil the
greater the magnetic pull on it, for a given
change in current, so this type of instrument does
not have “linear’” deflection — that is, the secale
is cramped at the low-current end and spread out
at the high-current end.

The same basic instrument is used for measur-
ing either current or voltage. Good-quality in-
struments are made with fairly high sensitivity —

that is, they give full-scale pointer deflection
with very small currents — when intended to be
used as voltmeters. The sensitivity of instru-
ments intended for measuring large currents can
be lower, but a highly sensitive instrument can
be, and frequently is, used for measurement of
cuwrrents much greater than needed for full-scale
deflection.

Panel-mounting instruments of the D’ Arsonval
type will give a smaller deflection when mounted
on iron or steel panels than when mounted on
nonmagnetic material. Readings may be as
much as ten per cent low. Specially calibrated
meters should be obtained for mounting on such
panels.

@ VOLTMETERS

Only a fraction of a volt is required for full-
scale deflection of a sensitive instrument (1 mil-
liampere or less full scale) so for measuring volt-
age a high resistance is conneccted in series with
it, Fig. 21-1. Knowing the current and the resist-
ance, the voltage can easily be calculated from
Ohm'’s Law. The meter is calibrated in terms of
the voltage drop across the series resistor or
multiplier. Practically any desired full-scale
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Fig. 21-1—How volimeter multipliers and milliammeter
shunts are connected fo extend the range of a d.c. meter.

voltage range can be obtained by proper choice of
multiplier resistance, and voltmeters frequently
have several ranges selected by a switch.

The sensitivity of the voltmeter is usually ex-
pressed in ‘““ohms per volt.” A sensitivity of 1000
ohms per volt means that the resistance of the
voltmeter is 1000 times the full-scale voltage,
and by Ohm’s Law the current required for full-
scale deflection is 1 milliampere. A sensitivity of
20,000 ohms per volt, another commonly used
value, means that the instrument is a 50-micro-
ampere meter. The higher the resistance of the
voltmeter the more accurate the measurements

1000 /v METER READS APP 8l1V

20K “/v METER READS APP 98V

Il MEG METER READS APP 99V

Fig. 21-2—Effect of voltmeter resistance on daccuracy of
readings. It is assumed that the d.c. resistance of the
screen circuit is constant at 100 kilohms. The actual
current and voltage without the voltmeter connected
are 1 ma. and 100 volts. The voltmeter readings will
differ because the different types of meters draw differ-
ent amounts of current through the 150-kilohm resistor.

in high-resistance circuits. This is because the
current flowing through the voltmeter will cause
a change in the voltage between the points across
which the meter is connected, compared with
the voltage with the meter absent, as shown in
Fig. 21-2.

Multipliers

The required multiplier resistance is found by
dividing the desired full-scale voltage by the cur-
rent, in amperes, required for full-scale deflection
of the meter alone. Strictly, the internal resist-
ance of the meter should be subtracted from the
value so found, but this is seldom necessary (ex-
cept perhaps for very low ranges) because the
meter resistance will be negligibly small compared
with the multiplier resistance. An exception is
when the instrument is already provided with an
internal multiplier, in which ease the multiplier
resistance required to extend the range is

R = Ru(n — 1)
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where R is the multiplier resistance, Ry is the
total resistance of the instrument itself, and = is
the factor by which the scale is to be multiplied.
Ior example, if a 1000-ohms-per-volt voltmeter
having a calibrated range of 0-10 volts is to be
extended to 1000 volts, R, is 1000 X 10 =
10,000 ohms, n is 1000/10 = 100, and R =
10,000(100—-1) = 990,000 ohms.

If a milliammeter is to be used as a volt-
meter, the value of series resistance can be
found by Ohm’s Law:

1000E
I
where E is the desired full-seale voltage and [

the full-scale reading of the instrument in
milliamperes.

R=

Accuracy

The accuracy of a voltmeter depends on the
calibration accuracy of the instrument itself and
the accuracy of the multiplier resistors. Good-
quality instruments are generally rated for an
accuracy within plus or minus 2 per cent. This is
also the usual accuracy rating of the basic meter
movement.

When extending the range of a voltmeter or
converting a low-range milliammeter into a volt-
meter the rated accuracy of the instrument is
retained only when the multiplier resistance is
precise. Precision wire-wound resistors are used
in the multipliers of high-quality instruments.
These are relatively expensive, but the home
constructor can do quite well with 1%, tolerance
composition resistors. They sheuld be “derated”
when used for this purpose — that is, the actual
power dissipated in the resistor should not be
more than 14 to 14 the rated dissipation — and
care should be used to avoid overheating the
body of the resistor when soldering to the leads.
These precautions will help prevent permanent
change in the resistance of the unit.

Ordinary composition resistors are generally
furnished in 109 or 59, tolerance ratings. If
possible errors of this order can be accepted,
resistors of this type may be used as multipliers.
They should be operated below the rated power
dissipation figure, in the interests of long-time
stability.

. MILLIAMMETERS AND AMMETERS

A microammeter or millilammeter can be used
to measure currents larger than its full-scale
reading by connecting a resistance shunt across
its terminals as shown in Fig. 21-1. Part of the
current flows through the shunt and part through
the meter. Knowing the meter resistance and
the shunt resistance, the relative currents can
easily be calculated.

The value of shunt resistance required for a
given full-scale current range is given by

R

n—1

RBR=

where R is the shunt, R is the internal resistance
of the meter, and = is the factor by which the
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original meter scale is to be multiplied. The in-
ternal resistance of a milliammeter is preferably
determined from the manufacturer’s catalog, but
if this information is not available it can be
measured by the method shown in Fig. 21-3.
Do not attempt to use an ohmmeter to measure
the internal resistance of a milliammeter; the
instrument may be ruined by doing so.
Homemade milliammeter shunts can be con-
structed from any of the various special kinds
of resistance wire, or from ordinary copper
wire if no resistance wire is available. The Copper
Wire Table in this Handbook gives the resist-
ance per 1000 feet for various sizes of copper
wire. After computing the resistance required,
determine the smallest wire size that will earry
the full-scale current (250 circular mils per am-
pere is a satisfactory figure for this purpose).

Fig. 21-3—Determining the internal resistance of a
milliammeter or microammeter. R is an adjustable resis-
tor having a maximum valve about twice that necessary
for limiting the current to full scale with Rz disconnected;
adjust it for exactly full-scale reading. Then connect Rz
and adjust it for exactly half-scale reading. The resist-
ance of Rq is then equal to the internal resistance of the
meter, and the resistor may be removed from the circuit
and measured separately. Internal resistances vary
from a few ohms to several hundred ohms, depending
on the sensitivity of the instrument.

Measure off enough wire to provide the required
resistance. Accuracy can be checked by causing
enough current to flow through the meter to
make it read full seale without the shunt; con-
necting the shunt should then give the correct
reading on the new range.

Current Measurement
with a Voltmeter

A current-measuring instrument should have
very low resistance compared with the resistance
of the circuit being measured; otherwise, insert-
ing the instrument will cause the current to
differ from its value with the instrument out of
the circuit. (This may not matter if the instru-
ment is left permanently in the circuit.) How-
ever, the resistance of many circuits in radio
equipment is quite high and the circuit operation
is affected little, if at all, by adding as much as a
few hundred ohms in series. In such cases the
voltmeter method of measuring current, shown in
Fig. 21-4, isfrequently convenient. A voltmeter
— or low-range milliammeter provided with a
multiplier and operating as a voltmeter — having
a full-scale voltage range of a few volts, is used to
measure the voltage drop across a compara-

MULTIPLIER

SHUNT

VWA

Y

Fig. 21-4—Voltmeter method of measuring current. This

method permits using relatively large values of resistance

in the shunt, standard values of fixed resistors frequently

being usable. If the multiplier resistance is 20 [or more)

times the shunt resistance, the error in assuming that all

the current flows through the shunt will not be of conse-
quence in most practical applications,

tively high resistance acting as a shunt. The
formula previously given is used for finding the
proper value of shunt resistance for a given
scale-multiplying factor, Bwn in this case being
the multiplier resistance.

D.C. Power

Power in direct-current circuits is determined
by measuring the current and voltage. When
these are known, the power is equal to the voltage
in volts multiplied by the current in amperes. If
the current is measured with a milliammeter, the
reading of the instrument must be divided by
1000 to convert it to amperes.

@ RESISTANCE MEASUREMENTS

Measurement of d.c. resistance is based on
measuring the current through the resistance
when a known voltage is applied, then using
Ohm’s Law. A simple circuit is shown in Fig. 21-5,

Fig. 21-5—Measuring resistance with a voltmeter and
milliammeter. If the approximate resistance is known the
voltage can be selected to cause the milliammeter, MA,
to read about half scale. If not, additional resistance
should be first connected in series with R to limit the
current to a safe valve for the milliammeter. The set-up
then measures the total resistance, and the value of R
can be found by subtracting the known additional re-
sistance from the total.

The internal resistance of the ammeter or milliam-
meter, M A, should be low compared with the re-
sistance, R, being measured, since the voltage
read by the voltmeter, V, is the voltage across
M A and R in series. The instruments and the d.c.
voltage should be chosen so that the readings are
in the upper half of the scale, if possible, since the
percentage error is less in this region.

An ohmmeter is an. instrument consisting
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fundamentally of a voltmeter (or milliammeter,
depending on the circuit used) and a small dry
battery as a source of d.c. voltage, calibrated so
the value of an unknown resistance can be read
directly from the scale. Typical ohmmeter cir-
cuits are shown in Fig. 21-6. In the simplest type,
shown in Fig. 21-6A, the meter and battery are
connected in series with the unknown resistance.
If a given deflection is obtained with terminals
A-B shorted, inserting the resistance to be meas-
ured will cause the meter reading to decrease.
When the resistance of the voltmeter is known,
the following formula can be applied:

e,

Rk =
B

~— Ra

where R is the resistance under measurement,
e is the voltage applied (4-B shorted),

E is the voltmeter reading with R con-
nected, and

R., is the resistance of the voltmeter.

The circuit of Fig. 21-6A is not suited to
measuring low values of resistance (below a
hundred ohms or so) with a high-resistance
voltmeter. For such measurements the circuit
of Fig. 21-6B can be used. The milliammeter
should be a 0-1 ma. instrument, and R; should
be equal to the battery voltage, e, multiplied
by 1000. The unknown resistance is

I2Rn
o L
I, — Is

where I? is the unknown,

R, is the internal resistance of the mil-
liammeter,

I1 is the current in ma. with R discon-
nected from terminals A-B, and

I is the current in ma. with B connected.

The formula is approximate, but the error will
be negligible if e is at least 3 volts so that R is
at least 3000 ohms.

A third circuit for measuring resistance is
shown in Fig. 21-6C. In this case a high-resist-
ance voltmeter is used to measure the voltage
drop across a reference resistor, Ks, when the
unknown resistor is connected so that current
flows through it, B2 and the battery in series. By
suitable choice of Ry (low values for low resist-
ance, high values for high-resistance unknowns)
this circuit will give equally good results on all
resistance values in the range from one ohm to
several megohms, provided that the voltmeter
resistance, 2, is always very high (50 times or
more) compared with the resistance of R.. A
20,000-ohms-per-volt instrument (50-pamp. move-
ment) is generally used. Assuming that the
current through the voltmeter is negligible com-
pared with the curreut through R., the formula
for the unknown is
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Fig. 21-6—Ohmmeter circvits. Yalves are discussed in
the text.

where R and R are as shown in Fig. 21-6C,

e is the voltmeter reading with A-B
shorted, and

E is the voltmeter reading with R con-
nected.

The “zero adjuster,” Ri, is used to set the
voltmeter reading exactly to full scale when the
meter is calibrated in ohms. A 10,000-ohm
variable resistor is suitable with a 20,000-
ohms-per-volt meter. The battery voltage is
usually 3 wvolts for ranges up to 100,000 ohms
or so and 6 volts for higher ranges.

A. C. Measurements

Several types of instruments are available for
measurement of low-frequency alternating cur-
rents and voltages. The better-grade panel instru-
ments for power-line frequencies are of the
dynamometer type. This compares with the
D’Arsonval movement used for d.c. measure-
ments, but instead of a permanent magnet the
dynamometer movement has a field coil which,
together with the moving coil, is connected to
the a.c. source. Thus the moving coil is urged to
turn in the same direction on both halves of the
a.c. cycle.

Moving-vane type instruments, described ear-
lier, also are used for a.c. measurements. This is
possible because the pull exerted on the vane is
in the same direction regardless of the direction
of current through the coil. The calibration of a
moving-vane instrument on a.c. will, in general,
differ from its d.c. ealibration.

For measurements in the audio-frequency
range, and in applications where high impedance
is required, the rectifier-type a.c. instrument is



Resistance Measurements

generally used. This is essentially a sensitive
d.c. meter, of the type previously described, pro-
vided with a rectifier for converting the a.c. to
d.c. A typical rectifier-type voltmeter circuit is
shown in Fig. 21-7. The half-wave meter rectifier,
C' Ry, is frequently of the copper-oxide type, but
crystal diodes can be used. Such a rectifier is not
“perfect’”” — that is, the application of a voltage
of reversed polarity will result in a small current
flow — and so CR2 is used for eliminating the
effect of reverse current in the meter circuit. It
does this by providing a low-resistance path
across CR1 and the meter during the a.c. alter-
nations when CR; is not conducting.

MULTIPLIER
CR,

Lal »
A CR R:
S % 2 @ My

AGE
2

O A VOLT

Fig. 21-7—Rectifier-type a.c. voltmeter circuit, with
"linearizing” resistor and diode for back-current cor-
rection.

Resistor Rs shunted across M7 is used for im-
proving the linearity of the circuit. The effective
resistance of the rectifier decreases with increas-
ing current, leading to a calibration scale with
nonuniform divisions. This is overcome to a
considerable extent by “bleeding’’ several times
as much current through R as flows through M4
so the rectifier is always carrying a fairly large
current.

Because of these expedients and the fact that
with half-wave rectification the average current
is only 0.45 times the r.m.s. value of a sine wave
producing it, the impedance of a rectifier-type
voltmeter is rather low compared with the re-
sistance of a d.c. voltmeter using the same meter.
Values of 1000 ohms per volt are representative,
when the d.c. instrument is a 0-200 micro-
ammeter.

The d.c. instrument responds to the average
value of the rectified alternating current. This
average current will vary with the shape of the
a.c. wave applied to the rectifier, and so the
meter reading will not be the same for different
wave forms having the same maximum values or

Ci, C3—0.002- to 0.005-uf. mica.

C2—0.01 uf., 1000 to 2000 volis,
paper or mica.

Ri—1 megohm, Y2 wait.

Rzto Rs, inc.—To give desired voltage
ranges, totaling 10 megohms,

Res, R7—2 to 3 megohms.

Rs—10,000-ohm variable.

Ry, R1o—2000 to 3000 ohms.

R11—5000- to 10,000-ohm control.

Ri12— 10,000 to 50,000 ohms.

Ris, Ru—App. 25,000 ohms. A
50,000-ohm slider-type
wire-wound can be used.

Ri5—10 megohms.

Ri16—3 megohms. Ris

Ri7— 10-megohm variable.

M—0-200 pamp. to 0-1 ma. range.

Vi—Dual triode, 6SN7 or 12AU7.

Ve—Dual diode, 6H6 or 6ALS.

the same r.m.s. values. Hence a “wave-form
error”’ is always present unless the a.c. wave is
very closely sinusoidal. The actual calibration
of the instrument usually is in terms of the r.m.s.
value of a sine wave.

Modern rectifier-type a.c. voltmeters are capa-
ble of good accuracy, within the wave-form
limitations mentioned above, throughout the
audio-frequency range.

. COMBINATION INSTRUMENTS —
THE V.O.M.

Since the same basic instrument is used for
measuring current, voltage and resistance, the
three functions can readily be combined in one
unit using a single meter. Various models of the
“y.0.m.” (volt-ohm-milliammeter) are available
commercially, both completely assembled and
in kit form. The less expensive ones use a 0-1
milliammeter as the basic instrument, providing
voltmeter ranges at 1000 ohms per volt. The
more elaborate meters of this type use a micro-
ammeter — 0-50 microamperes, frequently —
with voltmeter resistances of 20,000 ohms per
volt. With the more sensitive instruments it is
possible to make resistance measurements in the
megohms range. A.c. voltmeter scales also are
frequently included.

The v.o.m., even a very simple one, is among
the most useful instruments for the amateur.
Besides current and voltage measurements, it
can be used for checking continuity in circuits,
for finding defective components before installa-
tion — shorted capacitors, open or otherwise de-
fective resistors, ete. — shorts or opens in wiring,
and many other checks that, if applied during the
construction of a piece of equipment, save much
time and trouble. It is equally useful for serv-
icing, when a component fails during operation.

@ THE VACUUM-TUBE VOLTMETER

The usefulness of the vacuum-tube voltmeter
(v.t.v.m.) is based on the fact that a vacuum tube
can amplify without taking power from the source
of voltage applied to its grid. It is therefore pos-
sible to have a voltmeter of extremely high resist-

Vi
Ry
Aj‘:LC3 1§R|3
150 O+
} TO
250 o=
V
ng
Rio
Riz

Fig. 21-8—VYacuum-tube voltmeter circuit.
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ance, and thus take negligible current from the
circuit under measurement, without using a d.c.
instrument of exceptional sensitivity.

The v.t.v.m. has the disadvantage that it re-
quires a source of power for its operation, as com-
pared with a regular d.c. instrument. Also, it is
susceptible to r.f. pick-up when working around
an operating transmitter, unless well shielded
and filtered. The fact that one of its terminals is
grounded is also disadvantageous in some cases,
since a.c. readings in particular may be inaccu-
rate if an attempt is made to measure a circuit
having both sides ‘“hot’’ with respect to ground.
Nevertheless, the high resistance of the v.t.v.m.
more than compensates for these disadvantages,
especially since in the majority of measurements
they do not apply.

While there are several possible circuits, the
one commonly used is shown in Fig. 21-8. A dual
triode, Vi, is arranged so that, with no voltage
applied to the left-hand grid, equal currents flow
through both sections. Under this condition the
two cathodes are at the same potential and no
current flows through A{. The currents can be ad-
justed to balance by potentiometer Ri;, which
takes care of variations in the tube sections and
in the values of cathode resistors Rg and Rio.
When a positive d.c. voltage is applied to the
left-hand grid the current through that tube
section increases, so the current balance is upset
and the meter indicates. The sensitivity of the
meter is regulated by Rs, which serves to adjust
the calibration. Ej2, common to the cathodes of
both tube sections, is a feed back resistor that
stabilizes the system and makes the readings
linear. R and i form a filter for any a.c. com-
ponent that may be present, and Rs is balanced
by 7 connected to the grid of the second tube
section.

To stay well within the linear range of opera-
tion the scale is limited to 3 volts or less in the
average commercial instrument. Higher ranges are
obtained by means of the voltage divider formed
by R to Es, inclusive. As many ranges as desired
can be used. Common practice is to use 1 meg-
ohm at Ri, and to make the sum of Rz to Ej,
inclusive, 10 megohms, thus giving a total resist-
ance of 11 megohms, constant for all voltage
ranges. R; should be at the probe end of the d.c.
lead to minimize capacitive loading effects when
measuring d.c. voltages in r.f. circuits.

Values to be used in the circuit depend consid-
erably on the supply voltage and the sensitivity
of the meter, M. Ris, and Ri3—Fi4, should be
adjusted by trial so that the voltmeter circuit
can be brought to balance, and to give full-scale
deflection on M with about 3 volts applied to
the left-hand grid. The meter connections can
be reversed to read voltages that are negative
with respect to ground.

A.C. Voltage
For meéastiring a.c. voltages the rectifier circuit
shown at the lower left of Fig. 21-8 is used. One
section of the double diode, Vs, is a half-wave

512

21-MEASUREMENTS

rectifier and the second half acts as a balancing
device, adjustable by Ri7, to eliminate contact
potential effects that would cause a residual d.c.
voltage to appear at the v.t.v.m. grid.

The rectifier output voltage is proportional to
the peak amplitude of the a.c. wave, rather than
to the average or r.m.s. values. Since the positive
and negative peaks of a complex wave may not
have equal amplitudes, a different reading may
be obtained on such wave forms when the volt-
meter probe terminals are reversed. This ‘“turn-
over’’ effect is inherent in any peak-indicating
device, but is not necessarily a disadvantage.
The fact that the readings are not the same
when the voltmeter connections are reversed is
an indication that the wave form under measure-
ment is unsymmetrical. In some measurements,
as in audio amplifiers, a peak measurement is
more useful than an r.m.s. or average-value
measurement because amplifier capabilities are
based on the peak amplitudes.

The scale calibration usually is based on the
r.m.s. value of a sine wave, Rs being set so that
the same scale can be used either for a.c. or d.c.
The r.m.s. reading can easily be converted to a
peak reading by multiplying by 1.41.

. INSTRUMENT CALIBRATION

When extending the range of a d.c. instrument,
calibration usually is necessary —although resis-
tors for voltmeter multipliers often can be pur-
chased to close-enough tolerances so that the new
range will be accurately known. However, in cali-
brating an instrument such as a v.t.v.m. a known
voltage must be available to provide a starting
point. Fresh dry cells have an open-circuit ter-
minal voltage of approximately 1.6 volts, and
one or more of them may be connected in series
to provide several calibration points on the low
range. Gas regulator tubes in a power supply,
such as the 0C3, 0D3, etc., also provide a stable
source of voltage whose value is known within a
few per cent. Once a few such points are deter-
mined the voltmeter ranges may be extended
readily by adding multipliers or a voltage divider
as appropriate.

Shunts for a milliammeter may be adjusted by
first using the meter alone in series with a source
of voltage and a resistor selected to limit the cur-
rent to full scale. For example, a 0-1 milliam-
meter may be connected in series with a dry cell
and a 2000-ohm variable resistor, the latter being
adjusted to allow exactly 1 milliampere to flow.
Then the shunt is added across the meter and its
resistance adjusted to reduce the meter reading
by exactly the scale factor, n. If n is 5, the shunt
would be adjusted to make the meter read 0.2
milliampere, so the full-scale current will be 5
ma. Using the new scale, the second shunt is
added to give the next range, the same procedure
being followed. This can be carried on for several
ranges, but it is advisable to check the meter on
the highest range against a separate meter used as
a standard, since the errors in this process tend
to be cumulative.
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Measurement of Frequency

. ABSORPTION FREQUENCY METERS

The simplest possible frequency-measuring
device is a resonant circuit, tunable over the
desired frequency range and having its tuning
dial ealibrated in terms of frequency. It operates
by extracting a small amount of energy from the
oscillating circuit to be measured, the frequency
being determined by the tuning setting at which
the energy absorption is maximum (Fig. 21-9).

Such an instrument is not capable of very high

P}
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X

Fig. 21-9—Absorption frequency meter and a typical
application. The meter consists simply of a calibrated
resonant circuit LC. When coupled to an amplifier or
oscillator the tube plate current will rise when the fre-
quency meter is tuned to resonance. A flashlight lamp
may be connected in series at X to give a visual indica-
{ion, but it decreases the selectivity of the instrument
and makes it necessary to use rather close coupling to the
circuit being measured.

accuracy, because the @ of the tuned ecircuit
cannot be high enough to avoid uncertainty as
to the exact dial setting and because any two
coupled circuits interact to some extent and
change each others’ tuning. Nevertheless, the
absorption frequency meter or ‘‘wavemeter” is
a highly useful instrument. It is compact, inex-
pensive, and requires no power supply. There is
no ambiguity in its indications, as is frequently
the case with the heterodyne-type instruments
described later.

When an absorption meter is used for check-
ing a transmitter, the plate current of the tube
connected to the circuit being checked can
provide the neceessary resonance indication.
When the frequency meter is loosely coupled to
the tank circuit the plate current will give a
slight upward flicker as the meter is tuned through
resonance. The accuracy is greatest when the
loosest possible coupling is used.

A receiver oscillator may be checked by tun-
ing in a steady signal and heterodyning it to
give a beat note as in ordinary c.w. reception.
When the frequency meter is coupled to the
oscillator coil and tuned through resonance the
beat note will change. Again, the coupling
should be made loose enough so that a just-
perceptible change in beat note is observed.

An approximate calibration for the meter,
adequate for most purposes, may be obtained
by comparison with a calibrated receiver. The
usual receiver dial ecalibration is sufficiently

accurate. A simple oscillator circuit covering the
same range as the frequency meter will be useful
in calibration. Set the receiver to a given fre-
quency, tune the oscillator to zero beat at the
same frequency, and adjust the frequency meter
to resonance with the oscillator as described
above. This gives one calibration point. When
a sufficient number of such points has been ob-
tained a graph may be drawn to show frequency
vs. dial settings on the frequency meter.

@ INDICATING FREQUENCY METERS

The plain absorption meter requires fairly
close coupling to the osecillating circuit in order
to affect the plate current of a tube sufficiently to
give a visual indication. However, by adding a
rectifier and d.c. microammeter or milliammeter,
the sensitivity of the instrument can be increased
to the point where very loose coupling will suf-
fice for a good reading. A typical circuit for this
purpose is given in Fig. 21-10, and Figs. 21-11 and
21-12 show how such an instrument can be con-
structed.

The rectifier, a crystal diode, is coupled to the
tuned circuit LyCy through a coupling coil, Lo,
having a relatively small number of turns. The
step-down transformer action from Ly to L pro-
vides for efficient energy transfer from the high-
impedance tuned circuit to the low-impedance
rectifier circuit. The number of turns on L, can
be adjusted for maximum reading on the d.c.

GR,
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L L 12 002
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Fig. 21-10—Circuit diagram of indicating frequency meter.
C1—50-puuf. variable (Johnson 50R12).

C2—0.002-uf. disk ceramic.

CR1—General purpose germanivm diode (1N34, etc.)
J1—Phono jack.

Jo—Closed-circuit phone jack.

M1—D.c. microammeter or 0-1 milliammeter.

Coil Data Coil
Freq. Range Turns, Ly Turns, L2 Length, In.
3-6 Mc. 60 5 close-wound
6-12 Mc. 29 5 14
12-25 Me. 13 2 1
23-50 Mc. 5% 1 Ya
50-100 Me. 12 Ya Ya
90-225 Mec. See below

All except 90-225-Mc. coil wound with No. 24 enam.
wire on 1-inch diameter 4-prong forms (Millen 45004).
Lz interwound at bottom of Li, using smaller wire where
necessary. The 90-225-Mc. coil consists of a hairpin
loop of Mo. 14 tfinned wire just clearing the bottom of
the coil form, which is cut to %-inch length. L2 is a similar
hairpin of No. 16 wire bent over so it almost touches L;.
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milliammeter; when doing this, use a fixed value
of coupling between L; and the source of energy.
The proper number of turns for this purpose will
depend on the sensitivity of M ;. The coil dimen-
sions given in Fig. 21-10 are for a 0-500 microam-
meter but will also be satisfactory for a 0-1
milliammeter. Less than optimum coupling is
preferable, in most cases, since heavy loading
lowers the Q of the tuned ecircuit L;C7 and makes
it less selective. The coupling is reduced by
reducing the number of turns on Ls.

The meter can be used with a pick-up loop
and coaxial line connected to J;. Inergy picked
up by the loop is fed through the cable to Ls
and thence coupled to L. This is a convenient
method of coupling to circuits where it would
be physically difficult to secure inductive cou-
pling to L;. The pick-up cable should not be
self-resonant, as a transmission-line section, at
any frequency within the range in which it is to
be used, so two cable lengths are provided. The
longer one is useful up to 30 Mec. and the shorter
at all frequencies up to the maximum useful
frequency of the instrument (225 Me.).

By plugging a headset into the output jack
(phones having 2000 ohms or greater resistance
should be used for greatest sensitivity) the fre-
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Fig. 21-11—The indicating frequency
meter, plug-in coils, and pick-up cables.
The meter is built in a bakelite meter
case measuring 6% X 3% X 2 inches.
The 3-inch dial is cut from a piece of
aluminum and has a paper hand-
calibrated scale cemented on. Hairline
indicators are clear plastic mounted on
small metal pillars. A 2-inch d.c. instru-
ment is used. Pick-up loops are one
turn of MNo. 14, spaghetti covered,
soldered to the ends of the cables.
The longer cable (5 feet) is useful to 30
Mc.; the shorter (13 inches) can be used

for the full frequency range.
Both are RG-58 /U.

quency meter can be used as a monitor for modu-
lated transmissions.

The bakelite case is a desirable feature since
the instrument can be brought close to circuits
being checked without the danger of short-
eireuiting any of their wiring. This could oceur
with a metal-cased unit.

In addition to the uses mentioned earlier, a
meter of this type may be used for final adjust-
ment of neutralization in r.f. amplifiers. For this
purpose the pick-up loop may be loosely coupled
to the plate tank coil. In this case L; may be
removed from its socket and the meter used as
an untuned rectifier. This reduces the sensitivity
and insures that the r.f. pickup is only from the
tank coil to which the loop is closely coupled.

@ THE SECONDARY FREQUENCY
STANDARD

The secondary frequency standard is a highly
stable low-power oscillator generating a fixed
frequency, usually 100 ke, It is nearly always
crystal-controlled, and inexpensive 100-ke. erys-
tals are available for the purpose. Since the har-
monics are multiples of 100 ke. throughout the
spectrum, some of them can be compared di-

Fig. 21-12—Inside the wave-
meter. Only the milliammeter
and phone jack are mounted
on the removable panel. The
tuning capacitor is mounfed
vertically on an aluminum
bracket fastened to the bof-
tom of the case. The crystal
diode is mounted between a
coil-socket prong and a tie
point. The phono jack for the
pick-up cables is at
the lower right.



Frequency Standards

rectly with the standard frequencies transmitted
by WWV.

The edges of most amateur bands also are exact
multiples of 100 ke., =o it becomes possible to
determine the band edges very accurately. This
is an important consideration in amateur fre-
quency measurement, since the only regulatory
requirement is that an amateur transmission be
inside the assigned band, not on a specific fre-
quency.

" Manufacturers of 100-ke. crystals usually
supply cireuit information for their particular
erystals. The ecircuit given in IMig. 21-13 is
representative, and will generate usable har-
monies up to 30 Me. or so. The variable capacitor,
C), provides a means [or adjusting the fre-
quency to exactly 100 ke. Harmonie output is
taken from the circuit through a small capaci-
tor, (s There are no special constructional
points to be observed in building such a unit.

€
o
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Fig. 21-13—Circvit for crystal-controlled frequency

standard. Tubes such as the 6SK7, 6SH7,
6AUSG, etc., are suitable,
C1—50-puf. variable.
C2—150-puf. mica.
Cs, C4—0.01-pf. ceramic.
C5—22-upuf. mica.
R1—0.47 megohm, V2 watt.
Ra— 1000 ohms, V2 watt.
Rs—0.1 megohm, 2 watt.
R1—0.15 megohm, /2 watt.

Power for the tube heater and plate may be
taken from the supply in the receiver with
which the unit is to be used. The plate voltage
is not eritical, but it is recommended that it be
taken from a VIRR-150 regulator if the receiver
is equipped with one.

Sufficient signal strength from the standard
usually will be secured if a wire is run between
the output terminal connected to (s and the
antenna post on the receiver. At the lower fre-
quencies a metallic connection may not be
neeessary.

Adjusting to Frequency

The frequency can be adjusted exactly to
100 ke. by making use of the WWYV transmis-
sions tabulated later in this chapter. Select the
WWYV frequency that gives a good signal at your
location at the time of day most convenient. Tune
it in with the receiver b.f.o. off and wait for the
period during which the modulation is absent.
Then switch on the 100-ke. oscillator and adjust
its frequency, by means of 'y, until its harmonic
is in zero beat with WWY. The exact setting is
easily found by observing the slow pulsation in

background noise as the harmonic comes close
to zero beat, and adjusting to where the pulsa-
tion disappears or oceurs at a very slow rate.
The pulsation can be observed even more read-
ilv. by switching on the receiver’s b.f.o., after
approximate zero beat has been sccured, and
observing the rise and fall in intensity (not fre-
quency) of the beat tone. For best results the
WWYV signal and the signal from the 100-ke.
oscillator should be about the same strength.
It is advisable not to try to set the 100-ke. oscil-
lator during the periods when the WWYV signal
is tone-modulated, since it is difficult to tell
whether the harmonic is being adjusted to zero
beat with the carrier or with a sideband.

Using the Standard

Basically, the 100-ke. standard provides a
means for indicating the exact receiver dial
settings at which frequencies that are multiples
of 100 ke. are to be found. The harmonics of
the standard can thus be used to check the dial
calibration of a receiver, and many of the better-
grade communications receivers either include
a 100-ke. oscillator for this purpose or have pro-
vision for installing one as an accessory. The
actual frequency of at least one 100-ke. point in
a given amateur band must be known, of course,
but this is generally an easy matter since the
activity in amateur bands usually makes identi-
fication of the band-edge “marker signal” quite
simple. After one frequency is known, the con-
secutive 100-ke. harmonic signals are simply
counted off from it.

Although the 100-ke. standard does not make
possible the exact measurement of a frequency,
it is readily possible to determine whether or
not the signal is in a particular 100-ke. segment.
If the unknown signal tunes in between, say,
21,200 and 21,300 ke., as indicated by the marker
signals in the receiver, its frequency obviously
lies between those two figures. For purposes of
complying with the amateur regulations it is
usually sufficient to know that the signal is
above, or below, some specified 100-ke. point,
since the edges of the amateur bands or sub-
bands usually are at such points. If a close
measurement is desired a fairly good estimate
usually can be made by counting the number of
dial divisions between two 100-ke. points and
dividing the number into 100 to find how many
kiloeycles there are per dial division.

In using the receiver to check one’s own trans-
mitting [requency it is necessary to take special
precautions to reduce the strength of the signal
from the transmitter to the point where it does
not overload the receiver nor create spurious
responses that could be taken for the actual
signal. This invariably means that the receiving
antenna must be disconnected from the receiver,
and it may be necessary, in addition, to sho -
circuit the receiver’s antenna input termir als.
Try to reduce stray pickup to such an extent
that the transmitter’s signal is no stronger than
normal incoming signals at the regular gain-
control settings. With some receivers this may
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require additional shielding around the signal-
frequency circuits, and perhaps filtering of the
a.c. and speaker leads where they leave the
chassis, to prevent energy picked up on these
leads from getting into the front end of the
receiver.

Frequency Standard with Harmonic
Amplifier

The frequency standard shown in Figs. 21-14
through 21-16 includes a tuned amplifier to in-
crease the strength of the higher harmonies, and
incorporatesa crystal-diode sawtooth generator to
malke the harmonic strength reasonably uniform
throughout the usable frequency spectrum of the

OSCILLATOR
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Fig. 21-14—A 100-kc. frequency standard

and harmonic amplifier. The crystal in this

unit is in the metal-fube type envelope. Power

and r.f. output connections are taken through
the rear chassis lip.

instrument. It will produce useful ecalibration
signals at 100-ke. intervals up to about 60 Me.
The strength of a particular harmonic may be
peaked up hy selecting the proper amplifier
tuning range with Ss and adjusting €'y for maxi-
mum output. A gain control, R, is included for
adjusting the output signal to the desired level.

The 100-ke. oscillator uses the triode section of
a 6ANS, while the amplifier uses the pentode
section of the same tube. Power required for the
unit is 150 volts at 10 ma. and 6.3 volts at 0.45
amp. This may be taken from the accessory
socket of a receiver, or a special supply easily
can be made using a TV “booster” transformer
(such as the Merit P-3046 or equivalent).

AMPLIFIER
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Fig. 21-15—Circuit of the 100-kc. crystal calibrator. Unless otherwise indicated, capacitances are in uf.,
resistances are in ohms, resistors are Y2 watt.

C1—50-puf. midget variable (Hammarlund MAPC-50).
Cs—100-uuf. variable (Hammarlund HF-100).

CR1, CRz— 1N34A.

J1—Phono jack.

Li—3.5-7 Mc., 10 ph. (National R-33 r.f. choke).
La—6.5-14 Mc., 4.7 ph. (IRC type CL-1 r.f. choke).
Ls—15-30 Mc., 1.0 ph. (IRC type CL-1 r.f. choke).
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L+i—30-60 Mc.,0.22 uh.; 4 turns No. 20 plastic-insulated

wire, ¥-inch diam.

R2—5000-ohm potentiometer (Mallory U-14).
S1—S.p.s.t., mounted on Rz {Mallory US-26).
Se—1-section, 1-pole, 4-position miniature phenolic ro-

tary switch (Centralab PA-1000).

Y1—100-kc. crystal.



A Frequency Meter

The standard is built in a 4 X 5 X 6 inch
chassis-type box. Ks and S2 are mounted on the
panel, with the amplifier plate coils mounted on
S2. The remaining components are mounted on
the chassis, ("4 being insulated from it because its
plates are above ground for d.c. For the same
reason, an insulated shaft extension is used for
front-panel control of C4.

Connection between the standard and the
receiver can be made through a wire from the
hot. terminal of J; to the antenna input post on
the receiver. Depending on how well the receiver
is shielded, such a wire may not be needed at the
lower-frequency end of the range.

The Heterodyne Frequency Mefter

The heterodyne frequency meter is a variable-
frequency oscillator designed to be as stable as
possible and to be capable of being accurately
calibrated. Solid mechanical construction and a
good dial are particularly important. In general,
the design of such an instrument will be similar
to that of the v.f.0.’s described in Chapter 6 on
transmitters. Usually, the oscillator will cover a
frequency range of approximately 1750 to 2000
ke. so that its harmonies will fall in the various
amateur bands. It is used with the receiver in
much the same way as the 100-ke. standard, ex-
cept that in making a measurement the fre-
quency-meter tuning is adjusted until the signal
from it is in zero beat with the signal to be meas-
ured. The two signals are then on exactly the
same frequency, which can be read from the
calibration of the frequency meter.

The best method of calibrating a heterodyne
frequency meter is to note the dial points at
which its signal is in zero beat with consecutive

Fig. 21-16—Underneath the frequency-

standard chassis. The saw-tooth harmonic-

generating network is on the strip at the

upper right. The small trimmer-type capacitor

at the left is Ci;. Other components are
mounted where convenient.

100-ke. points from a secondary standard. These
points may then be plotted on graph paper and
a smooth curve drawn through them to give the
calibration at frequencies inside the 100-ke.
intervals. The calibration preferably should be
made on a high range. Points at 100-ke. inter-
vals on 28 Me., for example, are equivalent
to 50-ke. intervals on 14 Me., 25-ke. intervals
on 7 Me., and so on, since the meter is operating
on lower-order harmonics on the lower bands.

More Precise Methods

The methods described above are quite ade-
quate for the primary purpose of amateur fre-
quency measurements — that is, determining
whether or not a transmitter is operating inside
the limits of an amateur band, and the approxi-
mate frequency inside the band. For measure-
ment of an unknown frequency to a high degree
of accuracy more advanced methods can be used.
Accurate signals at closer intervals can be ob-
tained by using a multivibrator in conjunction
with the 100-ke. standard, and thus obtaining
signals at intervals of, say, 10 ke. or some other
integral divisor of 100. Temperature control is
frequently used on the 100-ke. oscillator to give
a high order of stability (Collier, “What Price
Precision?”’, QST, September and October, 1952).
Also, the secondary standard can be used in
conjunction with a variable-frequency interpola-
tion oscillator to fill in the standard intervals
(Woodward,‘“ A Linear Beat-Frequency Oscillator
for Frequency Measurement,” @ST, May, 1951).
An interpolation oscillator and standard can be
combined in one instrument. One application of
this type was described in QST for May, 1949
(Grammer, “The Additive Frequency Meter’’).
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STANDARD FREQUENCIES

INTERVALS AS
AT RIGHT

The Central Radio Propagation Laboratory
of the National Bureau of Standards main-
tains two radio transmitting stations, WWV

near Washington, D.C., and WWVH at
Puunene, T.H., for broadecasting standard

radio frequencies of high accuracy. WWYV
broadcasts are on 2.5, 5, 10, 15, 20 and 25
megacycles per second, and those from
WWVH are on 5, 10, and 15 Me. The radio-
frequency signals are modulated by pulses
at 1 eycle per second, and also by standard
audio frequencies alternating between 440 and
600 cycles per second as shown by the accom-
panying chart.

Transmissions are continuous, with the fol-
lowing exceptions: The WWYV transmissions
are interrupted for a 4-minute period begin-
ning at approximately 45 minutes after the

AND TIME SIGNALS

c \“ \JO\CE

ONE-MINUTE
ANNOUNCEMENT
INTERVALS

hour; the WWVH transmissions are inter-
rupted for a 3-minute period beginning ap-
proximately 10 seconds after the hour and
each 15 minute interval thereafter. WWVH is
also silent each day for a 34-minute period
beginning at 1900 Universal Time.

Accuracy

Transmitted frequencies are accurate within
1 part in 100 million. The WWYV transmissions
are generally stable to 1 part in a billion in any
given day, although this is not guaranteed.
Frequencies are based on an atomic standard,
and daily corrections to the transmitted fre-
quencies are subsequently published each
month in the Proceedings of the Institute of
Radio Engineers.

Time Signals

The 1-c.p.s. modulation is a 5-millisecond pulse at
intervals of precisely one second, and is heard as a tick.
The pulse transmitted by WWYV consists of 5 eycles of
1000 eycle tone; that transmitted by WWVH consists
of 6 eyeles of 1200-cycle tone. On the WWYV transmis-
sions, the 440- or 600-cycle tone is blanked out beginning
10 milliseconds before and ending 25 milliseconds after
the pulse. On the WWVH transmissions, the pulse is
superimposed on the tone. The pulse on the 59th
second is omitted, and for additional identification the
zero-second pulse is followed by another 100 milliseconds
later.

Propagation Notices

During the announcement intervals at 1914 and 4914
minutes after the hour, propagation notices applying to
transmission paths over the North Atlantic are trans-
mitted from WWYV on 2.5, 5, 10, 15, 20, and 25 Me.
Similar forecasts for the North Pacific are transmitted
from WWVII during the announcement intervals at
9 and 39 minutes after the hour.

These notices, in telegraphic code, consist of the letter
N, W, or U followed by a number. The letter designa-
tions apply to propagation conditions as of the time
of the broadeast, and have the following significance:

W — Tonospheric disturbance in progress or
expected.
U — Unstable conditions, but communication
possible with high power.
N — No warning.
The number designations apply to expected propagation
conditions during the subsequent 12 hours and have the
following significance:

Diygit Forccast
1 Impossible
2 Very Poor
3 Poor
4 Fair to Poor
5 TFair
6 TIfair to Good
7 Good
8 Very Good
9 Excellent

Special Transmissions During the International Geophysical Year

The special broadeasts instituted during the Inter-
national Geophysical Year may be continued through
part or all of 1960. These broadeasts include information
on IGY *“Alerts” and *“Special World Intervals.”
The broadcasts from WWYV are at 414 and 3414 min-
utes past the hour and these from WWVH are at 14 and
44 minutes past the hour. Kach such transmission is pre-
ceded by the letters “AGI" in International Morse

Code. The code used for the information is as follows:
5 A's — State of alert.
5 E’'s — No state of alert.
5 8's — Special World Interval begins at 0001Z the
following day.
5 T's — Special World Interval terminates at 2359Z.
3 long dashes — Special World Interval in progress,

518




Grid-Dip Meter

Test Oscillators and Signal Generators

. THE GRID-DIP METER

The grid-dip meter is a simple vacuum-tube
oscillator to which a microammeter or low-range
milliammeter has been added for reading the os-
cillator grid current. A 0-1 milliammeter is sensi-
tive enough in most cases. The grid-dip meter is
so called because if the oscillator is coupled to a
tuned circuit the grid current will show a de-
crease or ‘“dip” when the oscillator is tuned
through resonance with the unknown circuit. The
reason for this is that the external circuit will
absorb energy from the oscillator when both
are tuned to the same frequency; the loss of
energy from the oscillator circuit causes the feed-
back to decrease and this in turn is accompanied
by a decrease in grid current. The dip in grid
current is quite sharp when the circuit to which
the oscillator is coupled has reasonably high €.

The grid-dip meter is most useful when it cov-
ers a wide frequency range and is compactly
constructed so that it can be coupled to circuits
in hard-to-reach places such as in a transmitter or
receiver chassis. It can thus be used to check
tuning ranges and to find unwanted resonances of
the type described in the chapter on TVI. Since
it is its own source of r.f. energy it does not re-
quire the circuit being checked to be energized.
In addition to resonance checks, the grid-dip
meter also can be used as a signal source for
receiver alignment and, as described later in this

METER B+

GND. 6.3V
Fig. 21-17—Circuit diagram of the grid-dip meter.
C;—50-puf. midget variable (Hammarlund HF-50).
C2— 100-ppf. ceramic.
C3, C4, C6—0.001-uf, disk ceramic.
C5—0.01-uf. disk ceramic.
R1—22,000 ohms, V2 watt.

Coil Data, In

Freq. Range Turns - Wire  Diameter Turns/inch Tap*
1.59- 3.5 Mc. 139 32 enam. 34 in. Close-wound 32
3.45- 7.8 Me. 40 32 enam. 34 in.  Close-wound 12
7.55-17.5 Me. 40 24tinned Yin.i 32 14
17.2-40 Me. 15 20tinned Yin.i 16 5
37 -85 Me. 4 20 tinned Win.l 16 114
78 -160 Mc. Hairpin of No. 14 wire, 34 in. spacing, 2 inches long

including coil form pins. Tapped 134 in. from ground
end.

Coil forms are 34-in. diameter.

* Turns from ground end.

T B. & W. Miniductor or equivalent mounted inside coil form.

chapter, is useful in measurement of inductance
and capacitance in the range of values used in
r.f. circuits.

The circuit of Fig. 21-17 is representative,
although practically any oscillator circuit that
will operate over the desired frequency range
may be used. An instrument to cover both low
and very high frequencies must be constructed
with short, direct r.f. leads. With ordinary care
in this respect there should be little difficulty
in getting satisfactory operation up to 150 Me.

The power supply for the grid-dip meter may
be included with the oscillator, but since this in-
creases the bulk and weight a separate supply
is often desirable. The power supply shown in
Fig. 21-18 uses a miniature power transformer
with a selenium rectifier and a simple filter to
give approximately 120 volts for the oscillator
plate. The potentiometer R is for adjustment of
plate voltage. This is desirable becausein any grid-
dip meter the grid current may vary over wide
limits in different parts of the frequency range,
with fixed plate voltage.

Ti
s, )
115 VAC. i
+ —_—
@ O METER
63 V. M
063V

Fig. 21-18—Circuit diagram of the power supply for
the grid-dip mefer.

Ci, Co—16-uf. electrclytic, 150 volts.

R1— 1000 ohms, Y2 wat.

R2—0.1-megohm potentiometer.

Ti—Power transformer, 6.3 volts and 125 to 150 volis.
(Merit P-3046 or equivalent.)

CR;—20-ma. selenium rectifier.

M1—0-1 d.c. milliammeter.

The instrument may be calibrated by listening
to its output with a calibrated recciver. The cali-
bration should be as accurate as possible, al-
though “frequency-meter accuracy’ is not re-
quired in the applications for which a grid-dip
meter is useful.

The grid-dip meter may be used as an indicat-
ing-type absorption wavemeter by shutting off
the plate voltage and using the grid and cathode
of the tube as a diode. However, this type of cir-
cuitis not as sensitive as the crystal-detector type
shown earlier in this chapter, because of the high-
resistance grid leak in series with the meter.

In using the grid-dip meter for checking the
resonant frequency of a circuit the coupling
should be set to the point where the dip in grid
current is just perceptible. This reduces inter-
action between the two circuits to a minimum
and gives the highest accuracy. With too-close
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Fig. 21-19—Transistor circuit-checker or “'grid-dip meter”
covering 3 to 40 Mc. in five ranges. The circuit and bat-
tery power supply are contained in the 2V4 X 2% X 5-
inch aluminum box (Bud CU-3004) so the instrument is
completely independent of the a.c. line. The dial is white
cardboard with an inked-on calibration; the hairline indi-
cator is on a Lucite disk cemented to the tuning knob.
The d.c. meter is a miniature type, but the box is large
enough to take a standard 2-inch instrument. The control
on the near edge is R, for setting the d.c. meter reading
‘to a suitable on-scale value,

coupling the oscillator frequency may be “pulled”
by the circuit being checlked, in which case differ-
ent readings will be obtained when resonance is
approached from the high side as compared with
approaching from the low side.

Transistor ““Grid-Dip’’ Oscillator

The transistor oscillator is particularly con-
25

!

' BT1—8.4-volt mercury transistor battery (RCA No. VS312).
BTz—1.5-volt mercury cell (RCA VS 313).
C1—100-uuf. midget variable (Hammerlund MAPC-
100-B).
CR1— 1 N34 or equiv.
L1—3-5 Mc.: 72 turns No. 28 enam., V2-inch diam., 1
inch long, close-wound.
5-10 Mc.: 43 turns™
10-17 Mc.: 17 turns¥®
17-30 Mc.: 7 turns™
28-40 Mc.: 3 turns®
M;—0-1 milliammeter.
Q1—2N247.
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venient in the applications for which the grid-
dip meter is useful, since it lends itself to very
compact construction with freedom from de-
pendence on the a.c. line for power. The prin-
cipal drawback at the present time is that there
are no low-cost transistors that will oscillate
well in the v.h.f. range. However, it is possible
to build an oscillator that will operate at least
through the ordinary communication frequencies,
as shown by Figs. 21-19 to 21-21, inclusive.

The oscillator eircuit in Fig. 21-20 is basically
of the Colpitts type. Since there is no d.c. cur-
rent in the transistor oscillator that compares
with grid current in the tube oscillator, an
equivalent effect is obtained by using CR; to
rectify some of the r.f. energy, and then meas-
uring the rectified current. To enable the use of
a relatively inexpensive d.c. instrument, a sec-
ond transistor is used as a d.c. amplifier follow-
ing the rectifier. Omitting €2 would require 11
to be a sensitive microammeter, since the power
in the r.f. oscillator is extremely low. Rs pro-
vides a means for setting the meter reading to
the desired point on the scale.

The optimum value of bias resistor, Ry, varies
with frequency, so the proper resistor is mounted
in the coil form for each range. Any convenient
pin arrangement can be used for the coil and
resistor terminals. Mount the coils near the open
ends of the forms so they can be tightly coupled
to the circuit being checked. The resistors should
be placed near the bottom so they will be as far
as possible from the coils.

The instrument is used in the same way as a
tube grid-dip meter in checking unknown ecir-
cuits, and may be calibrated by the same method.

. AUDIO-FREQUENCY OSCILLATORS

A useful accessory for testing audio-frequency

Fig. 21-20—Circuit of the transistor-
ized grid-dip meter. Capacitances are
in puf. except where specified other-
wise; fixed resistors are V42 watt. Fixed
capacitors are ceramic.

Q2—2N107, CK722, or 2N222,
R1—3-5 Mc.: 39,000 ohms**.
5-10 Mc.: 10,000 ohms**,
10-17 Mc.: 4700 ohms™*,
17-30 Mc.: 4700 ohms™*,
28-40 Mc.: 10,000 ohms™**,
R2—0.5-megohm control.
S;1—D.p.s.t. toggle mounted on Re.
*No. 24 wire, Va-inch diameter, 32 turns per inch (B & W
3004 Miniductor), mounted inside %-inch diameter
polystyrene coil form (Amphenol 24-5H).
** Mounted in coil form with coil of same range.



Audio-Frequency Oscillators

Fig. 21-21—Inside the case of the
transistor oscillator. All components are
mounted on the flanged section of
the two-piece box. The oscillator is at
the right in this view, with connections
anchored to tie points placed on
either side of the coil socket. Qi is
visible just below the tuning capacitor.
CR1 is mounted on the tie-point strip
above the coil socket. The d.c. ampli-
fier circuit is to the left of the mercury
battery; the 1.5-volt cell is mounted
beside the variable resistor, using a
lug soldered to the - terminal for
support.

amplifiers and modulators is an audio-frequency
signal generator or oscillator. Checks for dis-
tortion, gain, and the troubles that occur in such
amplifiers do not require elaborate equipment;
the principal requirement is a source of one or
more audio tones having a good sine wave form,
at a voltage level adjustable from a few volts
down fo a few millivolts so the oscillator can be
substituted for the type of microphone to be used.

An easily constructed oscillator of this type
is shown in Figs. 21-22 to 21-24, inclusive.
Three audio frequencies are available, approxi-
mately 200, 900 and 2500 cveles. These three
frequencies are sufficient for testing the frequeney
response of an amplifier over the range necded for
voice communication.

The circuit uses a double triode as a eathode-
coupled oscillator, the second seetion of the tube
providing the feedback neecessary for oscillation
through the common cathode connection. The
3-watt lamp in this feedback loop acts as a
variable resistance to control the oscillation
amplitude and thus maintain the operating con-
ditions at the point where the best wave form is
generated. This operating point is set by the
“oscillation control,” R;. The frequency is de-
termined by the resistance and capacitance in

Fig. 21-22—Bottom view of the audio oscillator, show-
ing the power-supply components and amplitude-control
lamp, l. The lamp is mounted by wires soldered to its
base. The selenium rectifier is supported by a tie-point
strip. Placement of resistors, which are hidden by the
other components, is not critical. The unit fits
ina4 X 5 X 6 inch box.

33K .oo1pf
[3oo|

CR1—20-ma. selenium Sia \‘“’ 2 /212AU7

rectifier. N I 7,
I;—3-watt, 115-volt 2550r0

lamp (G.E. 356). I 8 OUTPUT
L—8 henrys, 40 ma. RET AT TENUATION

(Th 4 CONTROL s

ordarson o ~ i

20C52). s v
R1, R2=—Volume controls. kaK S
S1—2-pole 5-position 500K < OUTPUT

(3 used) rotary 3 502% v

switch.
S2—D.p.d.t. toggle.
S3—S.p.s.t. toggle
(mounted on R1). T CR
T1—Power transformer,
150 volts, 25 ma,;
6.3 volts 0.5 amp.
(Merit P-3046).

22

s v.

+ | 20pf 4 |20pf

—[ 150V ~ ||5ov S3K Fig. -23—Ci
avdio oscillator.

150 IG

21-23—Circuit diagram of the

Capacitances below

0.001 uf. are in uuf. Fixed resistors are
Y2 watt unless otherwise indicated.

521



Fig. 21-24—Inside view of the audio oscillator. The a.c.
switch, S3, is mounted on the output control at the left
on the panel. The ceramic capacitors in the frequency-
determining circuits are mounted on the rotary switch,
Si1, at the right. S2 is above the tube, and T1 is on the
near edge of the chassis, which is a U-shaped piece of
aluminum 3%2 inches deep with 1%z inch lips. R1 is mounted
on the near lip at the left.

the coupling cireuit between the first-section
plate and second-section grid. Various values of
capacitance can be selected by means of S; to
set the frequency. The actual frequencies meas-
ured in the unit shown in the photographs
are given on the diagram. They may be either
increased or decreased by using smaller or larger
capacitances, respectively.

Output is taken from the ecathode of the
second triode section. Ilither the full output, 1.5
volts, or approximately one-tenth of it can be
selected by Sa. On either of these two ranges
smooth control of output is provided by Rs.

The built-in power supply uses a small trans-
former and a selenium rectifier to develop ap-
proximately 150 volts. Hum is reduced to a
negligible level by the filter consisting of the
8-henry choke and 20-uf. capacitors.

An oscilloscope is wuseful for preliminary
checking of the oscillator since it will show wave
form. I should be set at the point that will
ensure oscillation on all three frequencies when
switching from one to the other.

@ NOISE GENERATORS

A noise generator is a device for creating a
controllable amount of radio-frequency noise
(““hiss”’-type noise) evenly distributed through-
out the frequency spectrum of interest. The
simplest type of noise generator is a diode, either
vacuum-tube or ecrystal, with direct current
flowing through it. The current is also made to
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flow through a load resistance which in general
is chosen to equal the characteristic impedance
ol the transmission line to be connected to the
receiver’s input terminals. The resistance then
substitutes for the line, and the amount of r.f.
noise fed to the input terminals of the receiver
is controlled by controlling the d.c. through the
diode.

The uselulness of the noise generator in ama-
tewr work lies in the fact that it provides a
means for adjusting the “front-end’ circuits of
a receiver for optimum signal-to-noise ratio (see
sections on receiver design). Although it can be
built at little expense, it is actually more effec-
tive for this purpose than costly laboratory-type
signal generators. A simple circuit using a crystal
diode is shown in Fig. 21-25. Fig. 21-26 illus-

L =
—6V. R _L ! j
Rz LJ—'%
IE

BT, T—
s

Fig. 21-25—Circuit of a simple crystal-diode noise
generator.

BTi—Dry-cell battery, any convenient type.

C1—500-uuf. ceramic, disk or tubular.

CR;—Silicon diode, 1N21 or 1N23 (do not use ordinary
germanium diodes).

P1—Coaxial fitting, cable type.

R1—50,000-chm control, counterclockwise
taper.

Re—51 or 75 ohms, Y2-watt composition.

S1—S.p.s.t. toggle (may be mounted on Ri).

logarithmic

trates the construction, the principal require-
ment being that s should be mounted right on
the terminals of the coaxial fitting and that lead
lengths should be as short as possible in the cir-
cuit formed by 'y, CR; and Rs. If these lead
lengths are negligible the instrument should
give uniform performance up to at least 150 Me.
Rs should mateh the particular line and input
impedance for which the receiver is designed.

To use the generator, screw the coaxial fitting
on the receiver’s input fitting, open S;, and
measure the noise output of the receiver using
an a.c. vacuum-tube voltmeter or similar a.f.
voltage indicator. Make sure that the receiver’s
r.f. and audio gain controls are set well within
the linear range, and do not use a.v.c. Then
turn on the noise generator and set [2; for an
appreciable increase in output, say twice the
original noise voltage, and note the dial setting.
Receiver front-end adjustments may then be
made with the object of attaining the same noise
increase with the lowest possible direct current
through the diode — that is, with the largest
possible resistance at I2;.

The instrument may be used for comparing
different receivers or different front-end arrange-
ments, since this type of measurement is inde-
pendent of receiver bandwidth (which has a
marked effect on the actual signal-to-noise
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Fig. 21-26—Crystal-dicde noise generator mounted in a 1% X 2V X 4-inch box. Most of the space is occupied by

the miniature 6-volt dry-cell battery. The coaxial fitting (PL-259) can be mounted to the box by cutting a hole in a small

square sheet-copper plate to make a snug fit over the end of the body of the connector and then soldering it in place.

Holes can be drilled in the plate for mounting screws. The diode can be mounted in improvised clips, the larger being a
small-size grid-grip and the smaller a miniature socket contact.

ratio). I'or consistent measurements the battery
voltage should be checked to make sure that it
does not change with the setting of Rj.

(Further information on noise generators, with
additional references, may be found in QST for
July, 1953.)

R.F. Measurements

@ R.F. CURRENT

R.f. current-measuring devices use a thermo-
couple in conjunction with an ordinary d.c. in-
strument. The thermocouple is made of two dis-
similar metals which, when heated, generate a
small d.c. voltage. The thermocouple is heated
by a resistance wire through which the r.f. cur-
rent flows, and since the d.c. voltage developed is
proportional to the heating, which in turn is pro-
portional to the power used by the heating ele-
ment, the deflections of the d.c. instrument are
proportional to power rather than to current.
This causes the calibrated scale to be compressed
at the low-current end and spread out at the high-
current end. The useful range of such an instru-
ment is about 3 or 4 to 1; that is, an r.f. ammeter
having a full-scale reading of 1 ampere can be
read with satisfactory accuracy down to about
0.3 ampere, one having a full scale of 5 amperes
can be read down to about 1.5 amperes, and so
on. No single instrument can be made to handle a
wide range of currents. Neither can the r.f. am-
meter be shunted satisfactorily, as can be done
with d.c. instruments, because even a very small
amount of reactance in the shunt will cause the
readings to be highly dependent on frequenecy.

Tig. 21-27 shows a convenient way of using
an r.f. ammeter for measuring current in a coaxial
line. The instrument is simply mounted in a
metal box with a short lead [rom each terminal

|

|
¢
Fig. 21-27—R.f. ammeter mounted for connecting into

a coaxial line for measuring power. A "2-inch” instru-
ment will fit info a 2 X 4 X 4 metal box.

to a coaxial fitting. The shunt capacitance of
an ammeter mounted in this way has only a
negligible effect on accuracy at frequencies as
high as 30 Mec. if the instrument has a bakelite
case. Metal-cased meters should be mounted on
a bakelite panel which in turn can be mounted
behind a cut-out that clears the meter case by
14 inch or so.

@ Rr. VOLTAGE

An r.f. voltmeter is a rectifier-type instrument
in which the r.f. is converted to d.c., which is
then measured with a d.c. instrument. The
best type of rectifier for most applications is a
crystal diode, such as the 1N34 and similar
types, because its capacitance is so low as to have
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little effect on the behavior of the r.f. circuit to
which it is connected. The principal limitation of
these rectifiers is their rather low value of safe
inverse peak voltage. Vacuum-tube diodes are
considerably better in this respect, but their size,
shunt capacitance, and the fact that power is re-
quired for heating the cathode constitute serious
disadvantages in many applications.

One of the principal uses for such voltmeters
is as null indicators in r.f. bridges, as described
later in this chapter. Another useful application is
in measurement of the voltage between the con-
ductors of a coaxial line, to show when a trans-
mitter is adjusted for optimum output. In either
case the voltmeter impedance should be high
compared with that of the circuit under measure-
ment, to avoid taking appreciable power, and the
relationship between r.f. voltage and the reading
of the d.c. instrument should be as linear as possi-
ble — that is, the d.c. indication should be
directly proportional to the r.f. voltage at all
points of the scale.

All rectifiers show a variation in resistance
with applied voltage, the resistance being highest
when the applied voltage is small. These varia-
tions can be fairly well “swamped out” by using
a high value of resistance in the d.c. circuit of
the rectifier. A resistance of at least 10,000 ohms
is necessary for reasonably good linearity with a
0-1 milliammeter. High resistance in the d.c.
circuit also raises the impedance of the r.f. volt-
meter and reduces its power consumption.

The basic voltmeter circuit is shown in Fig.
21-28. It is simply a half-wave rectifier with a
meter and a resistor, Ry, for improving the linear-
ity. The time constant of C1E; should be large
compared with the period of the lowest radio
frequency to be measured — a condition that can
easily be met if R is at least 10,000 ohms and C;
is 0.001 wuf. or more — so C; will stay charged
near the peak value of the r.f. voltage. The radio-
frequency choke may be omitted if there is a
low-resistance d.c. path through the -circuit

being measured. Cs provides additional r.f.
filtering for the d.c. circuit.
IN34 R,
T AA"A
CATH N
GIRCUIT
UNDER RFC —_ —_— @
MEASUREMENT G Co /

-

Fig. 21-28—R.f. voltmeter circuit using a crystal rectifier
and d.c. microammeter or O—1 milliammeter.

The simple circuit of Fig. 21-28 is useful for
voltages up to about 20 volts, a limitation im-
posed by the inverse-peak voltage ratings of
crystal diodes. A dual range voltmeter circuit,
0-20 and 0-100 volts, is shown in Fig. 21-29. A
voltage divider, R1Rs, is used for the higher range.
An instrument using this circuit is shown in
Fig. 21-30. It is designed for connection into a
coaxial line. The principal constructional pre-
cautions are to keep leads short, and to mount
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Fig. 21-29—Dual-range r.f. voltmeter circuit. Capaci-
tances are in puf.; capacitors are disk ceramic.

CR1—1N34 or equivalent.

J1, Jo—Coaxial connectors, chassis-mounting type.

R1i— 1000 ohms, 1 watt.

R2—3300 ohms, 2 watis.

Rs—App. 22,000 ohms (see text), V2 watt.

S1—S.p.d.1. rotary switch (Centralab 1440),

the components in such a way as to minimize
stray coupling between them and to keep them
fairly well separated from metal surfaces.

For aceurate calibration (the power method de-
seribed below may be used) R3 should be adjusted,
by selection of resistors or using two in series
to obtain the desired value, so that the meter
reads full scale, with S; set for the low range,
with 20 volts r.m.s. on the line. A frequency in
the vicinity of 14 Me. should be used. Then, with
81 set for the high range, various resistors should
be tried at R, or Ry until with the same voltage
the meter reads 20 per cent of full scale. The re-
sistance variations usually will be within the
range of 10 per cent tolerance resistors of the
values specified. The readings at various other
voltages should be observed in order to check
the linearity of the scale.

Calibration

Calibration is not necessary for purely com-
parative measurements. A calibration in actual
voltage requires a known resistive load and an
r.f. ammeter. The setup is the same as for r.f.
power measurement as described later, and the

Fig. 21-30—Dual-range r.f. voltmeter for use in coaxial
line, using a 0-1 d.c. milliammeter. The voltage-divider
resistors, R1 and R (Fig. 21-29) are at the center in the
lower compartment. The bypass capacitors and Rz are
mounted on a tie-point strip at the right. The unit is built
ina 4 X 6 X 2inch aluminum chassis, with an aluminum
partition connecting the two sides of the box to form a
shielded space. A bottom plate, not shown, is used to
complete the shielding.



Measuring Inductance and Capacity

voltage calibration is obtained by calculation
from the known power and known load resist-
ance, using Ohm’s Law: E = v/PR. As many
points as possible should be obtained, by varying
the power output of the transmitter, so that the
linearity of the voltmeter can be checked.

@ RF. POWER

Measurement of r.f. power requires a resistive
load of known value and either an r.f. ammeter or
a calibrated r.f. voltmeter. The power is then
either I’RK or E2/R, where R is the load resistance
in ohms.

The simplest method of obtaining a load of
known resistancc is to use an antenna system
with coax-coupled matching circuit of the type
described in the chapter on transmission lines.
When the circuit is adjusted, by means of an
s.w.r. bridge, to bring the s.w.r. down to 1 to 1
the load is resistive and of the value for which the
bridge was designed (52 or 75 ohms).

The r.f. ammeter should be inserted in the line
in place of the s.w.r. bridge after the matching
has been completed, and the transmitter then ad-
tusted — without touching the matching circuit
— for maximum current. A 0-1 ammeter is useful
for measuring the approximate range 5-50 watts
in 52-ohm line, or 7.5-75 watts in 75-ohm line;
a 0-3 instrument can be used for 13-450 watts
in 52-ohm line and 20-675 watts in 75-ohm line.
The accuracy is usually greatest in the upper
half of the scale.

An r.f. voltmeter of the type described in the
preceding section also can be used for power
measurement in a similar setup. It has the ad-
vantage that, because its scale is substantially
linear, a much wider range of powers can be
measured with a single instrument.

@ INDUCTANCE AND CAPACITANCE

The ability to measure inductance and capa-
citance saves time that might otherwise be spent
in cut-and-try. A convenient instrument for this
purpose is the grid-dip oscillator, described
earlier in this chapter.

For measuring inductance, use is made of a
capacitance of known value as shown at A in
Fig. 21-31. With the unknown coil connected
to the standard capacitor, couple the grid-dip
meter to the coil and adjust the oscillator fre-
quency for the grid-cwrrent dip, using the loosest
coupling that gives a detectable indication. The
inductance is then given by the formula

25,330
C.Ulif' f?l\'dc

The reverse procedure is used for measuring
capacitance — that is, a coil of known inductance
isused as a standard as shown at B. The unknown
capacitance is

Lﬂh. =

25,330

UNKNOWN
INDUCTANGE
(8 N STANDARD
GRID-DIP GAPACITANGE
METER ;
STANDARD
INDUGTANGE
(B) UNKNOWN
GAPAGITANGE

GRID-DIP ;
METER

Fig. 21-31—Setups for measuring inductance and capac-
itance with the grid-dip meter.

The accuracy of this method depends on the
accuracy of the grid-dip meter calibration and
the accuracy with which the standard values of
L and C are known. Postage-stamp silver-mica
capacitors make satisfactory capacitance stand-
ards, since their rated tolerance is 5 per cent.
Equally good inductance standards can be made
from commercial machine-wound coil material.

A single pair of standards will serve for measur-
ing the L and C values commonly used in amateur
equipment. A good choice is 100 upf. for the
capacitor and 5 ph. for the coil. Based on these
values the chart of Fig. 21-33 will give the un-
known directly in terms of the resonant frequency
registered by the grid-dip meter. In measuring the
frequency the coupling between the grid-dip
meter and resonant circuit should be kept at
the smallest value that gives a definite indication.

A correction should be applied to measure-
ments of very small values of I and C to include
the effects of the shunt capacitance of the mount-
ing for the coil, and for the inductance of the
leads to the capacitor. These amount to approxi-
mately 1 ppf. and 0.03 xh., respectively, with
the method of mounting shown in Fig. 21-32.

Coefficient of Coupling

The same equipment can be used for measure-
ment of the coefficient of coupling between two

Fig. 21-32—A convenient mounting, using binding-post
plates, for L and C standards made from commercially-
available parts. The capacitor is a 100-uuf. silver mica
unit, mounted so the lead length is as nearly zero as
possible. The inductance standard, 5 wh., is 17 turns of
No. 3015 B & W Miniductor, 1-inch diameter,
16 turns per inch.
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Fig. 21-33—Chart for determining unknown values of L and C in the range 0.1 to 100 rh.
and 2 to 1000 uuf., using standards of 100 uuf. and 5 ph.

coils. This simply requires two measurements of
inductance (of one of the coils) with the coupled
coil first open-circuited and then short-circuited.
Connect the 100-pul. stanlard capacitor to one
coil and measure the inductance with the termi-
nals of the second coil open. Then short the
terminals of the second coil and again measure
the inductance of the first. The coeflicient of
coupling is given by

where & = coeflicient of coupling
Ly = inductance of first coil with terminals
of second coil open
Ls = inductance of first coil with terminals
of second coil shorted.

@ R.F. RESISTANCE

Aside from the bridge methods used in trans-
mission-line work, described later, there is rela-
tively little need for measurement of r.f. resist-
ance in amateur practice. Also. measurement of
resistance by fundamental methods is not prac-
ticable with simple cquipment. Where such
measurcments are made, they are usually based

on known characteristics of available resistors
used as standards.

Most tyvpes of resistors have so much inherent
reactance and skin effect that they do not act like
“pure”’ resistance at radio frequencies, but in-
stead their effective resistance and impedance
vary with frequeney. This is especially true of
wire-wound resistors. Composition (carbon) re-
sistors of 25 ohms or more as a rule have neg-
ligible inductance for frequencies up to 100 Me.
or so. The skin effect also is small, but the shunt
capacitance eannot be neglected in the higher
values of these resistors, «ince it reduces their
impedance and makes it reactive. [However, for
most purposes the capacitive effects can be con-
sidered to be negligible in compnsition resistors of
values up to 1000 ohms, for {requencies up to 50
to 100 Me., and the r.f. resistance of such units is
practically the same as their d.c. resistance.
Hence they can be considered to be practically
pure resistance in such applications as r.f. bridges,
ete., provided thev are mounted in such a way as
to avoid magnetic coupling to other ecircuit
components, and are not so close to grounded
metal parts as to give an appreciable increase in
shunt eapacitance.

Antenna and Transmission-Line Measurements

Two principal types of measurements are made
on antenna systems: (1) the standing-wave ratio
on the transmission line, as a means for deter-
mining whether or not the antenna is properly
matched te the line (alternatively, the input re-
sistance of the line or antenna may be measured);
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(2) the comparative radiation field strength
in the vicinity of the antenna, as a means for
checking the directivity of a beam antenna and
as an aid in adjustment of element tuning and
phasing. Both types of measurements can be
made with rather simple equipment,



Field Strength Meters

. FIELD-STRENGTH MEASUREMENTS

The radiation intensity from an antenna is
measured with a device that is essentially a very
simple receiver equipped with an indicator to
give a visual representation of the comparative
signal strensth. Such a field-strength meter is
used with a “pick-up antenna’ which should al-
ways have the same polarization as the antenna
being checked — e.g., the pick-up antenna should
be horizontal if the transmitting antenna is hori-
zontal. Care should be taken to prevent stray
pickup by the field-strength meter itself or by
any transmission line that may connect it to the
pick-up antenna.

Field-strength measurements preferably should
be made at a distance of several wavelengths
from the transmitting antenna being tested.
Measurements made within a wavelength of the
antenna may be misleading, because of the pos-
sibility that the measuring equipment may be
responding to the combined induction and radia-
tion fields of the antenna, rather than to the
radiation field alone. Also, if the pick-up antenna
has dimensions comparable with those of the
antenna under test it is likely that the coupling
between the two antennas will be great enough
to cause the pick-up antenna to tend to become
part of the radiating system and thus result in
misleading field-strength readings.

A desirable form of pick-up antenna is a dipole
installed at the same height as the antenna being
tested, with low-impedance line such as 75-ohm
Twin-Lead connected at the center to transfer
the r.f. signal to the field-strength meter. The
length of the dipole need only be great enough to
give adequate meter readings. A half-wave dipole
will give high sensitivity, but such length will not
be needed unless the distance is several wave-
lengths and a relatively insensitive meter is used.

Field-Strength Meters

The crystal-detector wavemeter described
earlier in this chapter may be used as a field-
strength meter. It may be coupled to the trans-
mission line from the pick-up antenna through
the coaxial-cable jack, J.

The indications with a erystal wavemeter con-
nected as shown in Fig. 21-10 will tend to be
“square law’” — that is, the meter reading will
be proportional to the square of the r.f. voltage.
This exaggerates the effect of relatively small ad-
justments to the antenna system and gives a
false impression of the improvement secured.
The meter reading can be made more linear by
connecting a fairly large resistance in series with
the milliammeter (or microammeter). About
10,000 ohms is required for good linearity. This
considerably reduces the sensitivity of the meter,
but the lower sensitivity can be compensated for
by making the pick-up antenna sufficiently large.

Transistorized Wavemeter and
Field-Strength Meter

A sensitive field-strength meter can be made by
using a transistor as a d.c. amplifier following

Ly

N

L/\ N

Fig. 21-34—Transistor d.c. amplifier applied to the
wavemeter of Fig. 21-10 to increase sensitivity. Com-
ponents not listed below are the same as in Fig. 21-10.
B1—Small flashlight cell.

Mi1—0-1 d.c. milliammeter (see fext),

Q1—2N107, CK722, etc.

R1—10,000-ohm control.

Rz, R3— 1500 ohms, V2 watt.

S1—S.p.s.t. toggle (on-off switch).

the crystal rectifier of a wavemeter. A circuit of
this type is shown in Fig. 21-34. Depending on
the characteristics of the particular transistor
used, the amplification of current may be 10 or
more times, so that a 0-1 milliampere d.c. instru-
ment becomes the equivalent of a sensitive
microammeter.

The circuit to the left of the dashed line in
Fig. 21-34 is the same as the wavemeter eircuit
of Fig. 21-10, and the transistor amplifier can
easily be accommodated in the case shown in
Figs. 21-11 and 21-12.

The transistor is connected in the common-
emitter circuit with the rectified d.c. from the
crystal diode flowing in the base-emitter circuit.
Since there is a small residual eurrent in the col-
lector circuit with no current flowing in the base-
emitter circuit, the d.c. meter is connected in a
bridge arrangement so the residual current can
be balanced out. This is accomplished, in the
absence of any signal input to the transistor base,
by adjusting R; so that the voltage drop across
it is equal to the voltage drop from collector to
emitter in the transistor. Ry and I3, being of the
same resistance, have equal voltage drops across
them and so there is no difference of potential
across the meter terminals until the collector
current increases because of current flow in the
base-emitter circuit.

The collector current in a circuit of this type
is not strictly proportional to the base current,
particularly for low values of base current. The
meter readings are not directly proportional to
the field strength, therefore, but tend toward
“square law’ response just as in the case of a
simple diode with little or no resistance in its d.c.
circuit. For this reason the d.c. meter, M1, should
not have too-high sensitivity if reasonably linear
response is desired. A 0-1 milliammeter will be
satisfactory.

The zero balance should be checked at inter-
vals while the instrument is in use, since the
residual current of the transistor is sensitive to
temperature changes.
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@ IMPEDANCE AND STANDING-WAVE
RATIO

Adjustment of antenna matching systems re-
quires some means either of measuring the input
impedance of the antenna or transmission line,
or measuring the standing-wave ratio. ‘““Bridge”
methods are suitable for either measurement.

There are many varieties of bridge circuits,
the two shown in Fig. 21-35 being among the
most popular for amateur purposes. The simple

Cl
Rs
FOR V=0
(B) E A B _ G
Rz,
Cz RL =

Fig. 21-35—Basic bridge circuits. (A) Resistance bridge;

(B) resistance-capacitance bridge. The latter circuit is

used in the ""Micromatch,” with Rs a very low resistance

(1 ohm or less) and the ratio C1/Cz adjusted accordingly
for a desired line impedance.

resistance bridge of Fig. 21-35A consists essen-
tially of two voltage dividers in parallel aecross
a source of voltage. When the voltage drop
across R; equals that across Rg the drops across
Ry and Ry, are likewise equal and there is no
difference of potential between points A and B.
Hence the voltmeter reading is zero and the
bridge is said to be “balanced.” If the drops
across ) and Rg are not equal, points A and B
are at different potentials and the voltmeter will
read the difference. The operation of the circuit
of Fig. 21-35B is similar, except that one of the
voltage dividers is capacitive instead of resistive.

Because of the characteristies of practical com-
ponents at radio frequencies, the circuit of Fig.
21-35A is best suited to applications where the
ratio Ry/Rs is fixed; this type of bridge is par-
ticularly well suited to measurement of standing-
wave ratio. The circuit of Fig. 21-35B is well
adapted to applications where a variable voltage
divider is essential (since €7 and C3 may readily
be made variable) as in measurement of un-
known values of Rr.

S.W.R. Bridge

In the circuit of Fig. 21-35A, if R; and Rs are
made equal, the bridge will be balanced when
R1. = Rs. This is true whether Ry, is an actual
registor or the input resistance of a perfectly
matched transmission line, provided Rs is chosen
to equal the characteristic impedance of the line.
Even if the line is not properly matched, the
bridge will still be balanced for power traveling
outward on the line, since outward-going power
sees only the Zy of the line until it reaches the
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load. However, power reflected back from the
load does not ‘“‘see’” a bridge circuit and the
reflected voltage registers on the voltmeter.
From the known relationship between the out-
going or “forward” voltage and the reflected
voltage, the s.w.r. is easily calcvlated:

Vo + Vi

1’!) = "rr

where Vg is the forward voltage and V: is the
reflected voltage. The forward voltage is equal
to I//2 since Rs and Ry (the Z of the line) are
equal. It may be measured either by disconnect-
ing Ry, or shorting it.

SW.R. =

Measuring Voltages

For the s.w.r. formula above to apply with
reasonable accuracy (particularly at high stand-
ing-wave ratios) the current taken by the volt-
meter must be inappreciable compared with the
currents through the bridge “‘arms.” The volt-
meter used in bridge circuits employs a crystal
diode rectifier (see discussion earlier in this
chapter) and in order to meet the above require-
ment — as well as to have linear response, which
is equally necessary for calibration purposes —
should use a resistance of at least 10,000 ohms in
series with the milliammeter or microammeter.

Since the voltage applied to the line is measured
by shorting or disconnecting 1, (that is, the line
input terminals), while the reflected voltage is
measured with Ri connected, the load on the
source of voltage K is different in the two meas-
urements. If the regulation of the voltage source
is not perfect, the voltage £ will not remain the
same under these two conditions. This can lead to
large errors. Such errors can be avoided by using a
second voltmeter to maintain a check on the
voltage applied to the bridge, readjusting the

Ji

+0 -
INPUT i
VM
Fig. 21-36—Bridge circuit for s.w.r. measurements. This
circuit is intended for use with a d.c. voltmeter, range

5 to 10 volis, having a resistance of 10,000 ohms
per volt or greater.

Ci, Ce, C3, C4—0.005- or 0.01-uf. disk ceramic.

Ri, R2—47-ohm composition, V2 or 1 watt.

Rs—52- or 75-ohm (depending on line impedance)
composition, Y2 or 1 watt; precision type pre-
ferred.

Ry, R5—10,000 ohms, V2 watt.

Ji, Jo—Coaxial connectors.

Meter connects to either "input” or "bridge’” position
ds required.
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Fig. 21-37 —A simple bridge circuit useful for impedance-
matching in coaxial lines.

Ci1, C2—0.005- or 0.01-uf. disk ceramic.

R1, Re—47-ohm composition, Y2 watt.

Rs—52- or 75-ohm (depending on line impedance) com-

position, V2 watt; precision type preferred.

Rs—1000-ohm composition, Y2 watt.

J1, Ja—Coaxial connector.

The meter may be a 0-1 milliammeter or d.c. volt-
meter of any type having a sensitivity of 1000 ohm per
volt or greater, and a full-scale range of 5 to 10 volts.

Negative side of meter connects to ground.

e

coupling to the voltage source to maintain con-
stant applied voltage during the two measure-
ments. Since the “input” voltmeter is simply
used as a reference, its linearity is not important,
nor does its reading have to bear any definite
relationship to that of the “bridge” voltmeter,
except that its range has to be at least twice that
of the latter.

A practical circuit incorporating these features
is given in Fig. 21-36.

If the bridge is to be used merely for antenna
adjustment, where the object is to secure the
lowest possible s.w.r. rather than to measure the
s.w.r. accurately, the voltmeter requirements are
not stringent. In this case the object is to get as
close to a “null” or balance (that is, zero reading)
as possible. At or near exact balance the volt-
meter impedance is not important. Neither is it
necessary to maintain constant input voltage
to the bridge. This simplifies the bridge circuit
considerably, Fig. 21-37 being a practical example.
The construction of a bridge of this type suitable
for antenna and transmission line adjustments is
shown in Fig. 21-38.

Bridge Construction

A principal point in the construction of an
s.w.r. bridge is to avoid coupling between the
resistors forming the bridge arms, and between
the arms and the voltmeter cireuit. This can be
done by keeping the resistance arms separated
and at right angles to each other, and by placing
the crystal and its connecting leads so that
the loop so formed is not in inductive rela-
tionship with any loops formed by the bridge
arms. Shielding between the bridge arms and the
erystal circuit is helpful in reducing such cou-
plings, although it is not always necessary. The
two resistors forming the “ratio arms,” 2, and
Rs, should have identical relationships with
metal parts, to keep the shunt capacitances

equal, and also should have the same lead lengths
so the inductances will balance. I.eads should be
kept as short as possible.

Testing and Calibration

In a bridge intended for s.w.r. measurement
(Fig. 21-35) rather than simple matching, the
first check is to apply just enough r.f. voltage, at
the highest frequeney to be used, so that the
bridge voltmeter reads full scale with the load
terminals open. Observe the input voltage, then
short-circuit the load terminals and readjust the
input to the same voltage. The bridge voltmeter
should again register full scale. If it does not, the
ratio arms, Ry and Rs, probably are not exactly
equal. These two resistors should be carefully
matched, although their actual value is not
critical. If a similar test at a low frequency
shows better balance, the probable cause is stray
inductance or capacitance in one arm not bal-
anced by equal strays in the other.

After the “short” and “open’ readings have
been equalized, the bridge should be checked for
null balance with a “dummy ’’ resistance, equal to
the line impedance, connected to the load termi-
nals. It is convenient to mount a half- or 1-watt
resistor of the proper value in a coax connector,
keeping it centered in the connector and using
the minimum lead length. The bridge voltmeter
should read zero at all frequencies. A reading
above zero that remains constant at all fre-
quencies indicates that the “dummy” resistor is

Fig. 21-38—An inexpensive bridge for matching ad-

justments using the circuit of Fig. 21-37. It is built in a

154 X 2% X 4-inch "Channel-lock’’ box. The standard

resistor, Ra, bridges the two coax connectors. A pin jack

is provided for connection to the d.c. meter, 0-1 ma. or

0-500 pa.; the meter negative can be connected to the
case or to one of the coax fittings.
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not matched to R3, while readings that vary with
frequency indicate stray reactive effects or stray
coupling between parts of the bridge.

When the operation is satisfactory on the two
points just described, the null should be checked
with the dummy resistor connected tothe bridge
through several different lengths of transmission
line, to ensure that Rj3 actually matches the line
impedance. If the null is not complete in this test
both the dummy resistor and Rj3 will have to be
adjusted until a good match is obtained. With
care, composition resistors can be filed down to
raise the resistance, so it is best to start with re-
sistors somewhat low in value. With each change
in Rj3, adjust the dummy resistor to give a good
null when connected directly to the bridge, then
try it at the end of several different lengths of
line, continuing until the null is satisfactory under
all conditions of line length and frequency.

With a high-impedance voltmeter, the s.w.r.
readings will closely approximate the theoretical
curve of TFig 21-39. The calibration can be
checked by using composition resistors as loads.
100— -
80

]
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Fig. 21-39—Standing-wave ratio in terms of meter read-
ing (relative to full scale) after setting forward voltage
to full scale.

Adjust the transmitter coupling so that the bridge
voltmeter reads full scale with the output termi-
nals open, and then check the input voltage.
Connect various values of resistance across the
output terminals, making sure that the input
voltage is readjusted to be the same in each case,
and note the reading with the meter in the bridge
position. This check should be made at a low
frequency such as 3.5 Mec. in order to minimize
the effect of reactance in the resistors. The s.w.r.
is given by

— RL o RQ

" R 'R

where Ro is the line impedance for which the
bridge has been adjusted to null, and Rp is
the resistance used as a load. Use the formula
that places the larger of the two resistances in
the numerator. If the readings do not correspond
exactly for the same s.w.r. when appropriate
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resistors above and below the line impedance for
which the bridge is designed are used, a possible
reason is that the current taken by the volt-
meter is affecting the measurements.

Using the Bridge

The operating procedure is the same whether
the bridge is used for matching or for s.w.r. meas-
urement. Apply power with the load terminals
either open or shorted, and adjust the input until
the bridge voltmeter reads full scale. Because the
bridge operates a very low power level it may be
necessary to couple it to a low-power driver stage
rather than to the final amplifier. Alternatively,
the plate voltage and excitation for the final
amplifier may be reduced to the point where the
power output is of the order of a few watts. Then
connect the load and observe the voltmeter read-
ing. For matching, adjust the matching network
until the best possible null is obtained. For s.w.r.
measurement, note the r.f. input voltage to the
bridge after adjusting for full-scale with the load
terminals open or shorted, then connect the load
and readjust the transmitter for the same input
voltage. The bridge voltmeter then indicates the
standing-wave ratio as given by Fig. 21-39.

Antenna systems are in general resonant sys-
tems and thus exhibit a purely resistive imped-
ance at only one frequency or over a small band
of frequencies. In making bridge measurements,
this will cause errors if the r.f. energy used to
operate the bridge is not free from harmonics and
other spurious components, such as frequencies
lower than the desired operating frequency that
may be fed through the final amplifier from a
frequency-doubler stage. When a good null can-
not, be secured in, for example, the course of ad-
justing a matching section for 1-to-1 s.w.r., a
check should be made to ensure that only the
desired measurement frequency is present. An
indicating-type absorption frequency meter cou-
pled to the load usually will show whether energy
on undesired frequencies is present in significant
amounts. If so, additional selectivity must be
used between the source of power and the meas-
uring circuit.

Bridge for Monitoring S.W.R.

The low power level at which resistance-type
bridges must operate is a disadvantage when the
bridge is used as an operating adjunct —e.g.,
for the adjustment of matching circuits when
changing bands, or for readjustment of such
circuits within a band. For this purpose a bridge
is needed that will earry the full power output of
the transmitter without absorbing an appre-
ciable fraction of it.

The ‘“Monimateh’ shown in TFigs. 21-40 to
21-43, inclusive, is such a device. It makes use
of the combined effects of inductive and capaci-
tive coupling between the center conductor of a
coaxial line and a length of wire parallel to it.
When the coupled wire is properly terminated
in a resistance, the voltage induced in it by power
travelling along the line in one direction will be
balanded out in the crystal-rectifier r.f. voltmeter



Monimatch

Fig. 21-40—Monimatch and indicator
unit. The bridge is contained in the
2 X 4 X 4-inch aluminum box at the
left. The indicator unit, made separate
from the bridge in case the latter has
to be installed in a spot where the
meter would not be readily visible, is
in a 3 X4 X 5-inch box. Any con-
venient length of three-conductor cable
(preferably shielded) can be used to
connect the two.

cireuit, but power travelling along the line in the
opposite direction will cause a voltmeter indica-
tion. If the bridge is adjusted to match the Zg of
the coaxial line being used, the voltmeter will
respond only to the reflected voltage, just as in
the case of the resistance-type bridges. The power
consumed in the hridge is below one watt, even
at the maximum power permitted amateur
transmitters.

The circuit of Fig. 21-11 has two such bridge
cireuits so either the inecident or reflected voltage
can be measured.

The sensitivity of this type of bridge is pro-
portional to frequency, so higher power is re-
quired for s given voltmeter deflection at low
than at high frequencies. Typical values of
“forward” rectified current (with Ry, Fig. 21-42,
at zero resistance) are as follows, with a bridge
adjusted for a characteristic impedance of 52
ohms:

Band 10 Waits R.F. 50 Watts R.F.
3.5 Me. 70 pa. 250 ua.

7 Me. 200 pa. 1 ma.
14 Me. 750 pa. Over 1 ma.

21-28 Me. Over 1 ma. Over 1 ma.

A current of 1 ma. on 3.5 Mec. can be obtained

METER

TO

FROM ANT.

XMTR,

MODIFIED

COAXIAL LINE

Fig. 21-41—Circuit of the Monimatch. The bridge element
is a 24-inch length of coaxial cable modified as de-
scribed in the text. Capacitors are disk ceramic; capac-
itances in puf.
CRi, CR:—General-purpose germanium diodes (IN34A,
etc.)
J;, Ja—Coaxial fittings, chassis-mounting type.
Ri—Approximately 35 ohms for 52-ohm line; see text.

with a power level of somewhat over 200 watts.
These currents depend somewhat on the internal
resistance of the d.c. instrument.

FwD. REF. ==

Fig. 21-42—Indicator-unit circvit. For low power and low
frequencies, Mi should be a 0-100 microammeter. A O-1
milliammeter will suffice in other cases.
R;—25,000-0hm control.

S;1—S.p.d.t. toggle.

The sensitivity also increases with an increase
in cable length, but the cable should not be
much longer than about 1/20 wavelength, to
avoid standing-wave effects in the pick-up cir-
cuit. The length given in Fig. 21-41 is suitable
for frequencies up to about 50 Mec. For higher
frequencies the length should be decreased in
proportion to the wavelength. This reduces the
sensitivity considerably at the lower frequencies,
so it is advisable to make separate units for
v.h.f. and the frequencies below 30 Mec.

The additional conductor in the bridge shown
in the photographs is a length of No. 30 enam-
eled wire. To insert it under the cable shield,
first loosen the braid by bunching it from the
ends toward the center. Punch a small hole
about 14 inch from each end of the braid and
insert the end of the wire through one hole,
then work it under the braid until it can be
pulled out through the other hole. Next, smooth
out the braid to its original length, being careful
not to apply so much pressure that the enamel
on the wire is scratched. Then open a small hole
in the braid at the exact center of the length and
fish enough of the No. 30 wire through to make
the connection for Ry, again being careful about
seraping the enamel off. Check with an ohmmeter
to make sure the wire and braid are not short
circuited. Then wrap the ends of the braid with
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Fig. 21-43—Constructional details of the Monimatch (Fig.
21-40). This unit uses RG-58 fU (52-ohm) cable, formed into
several circular turns so the center where the tap for R1
is taken off will be close to the input and output connec-
tors. The crystal diodes are mounted on tie points along-
side the coax fittings so leads are kept as shori as possible.
The terminating resistor R; consists of two resistors (47
and 150 ohms) in parallel to give a resistance of ap-
proximately 35 ohms. The socket for d.c. connections to
the indicator unit is an Amphenol 71-4S (71-3S can be
substituted). Outside braid of the cable is spot soldered
between adjacent turns in several places for mechanical
support and fo ensure good grounding.

a turn or two of bare wire to prevent fraying
and apply a drop or two of solder. The com-
pleted assembly may then be wound in a circle
or other form that will bring the center connec-
tion near the two ends, and finally installed as
shown in Fig. 21-43.

With heavier cable than the RG-58/U used
in the unit shown it will probably be necessary
to use a larger box. RG-58/U is rated for 430
watts of rf. up to 30 Me. and, RG-59/U for
680 watts. For higher powers RG-8/U or RG-
11/U should be used. An example of construc-
tion using heavier cable is shown in the section
on transmission lines. Aside [rom power, the
type of cable should be chosen to match the
characteristic impedance of the line with which
the Monimatch is to be used.

A dummy antenna of the same resistance as
the Z; of the line should be used to adjust R;
(Fig. 21-41). A suitable dummy may be made by
connecting four 220-ohm l-watt composition re-
sistors in parallel for 52-ohm line (or four 300-ohm
resistors for 75-ohm line). Make the connecting
leads as short as possible. The transmitter may
be used as a source of power if its output can
be reduced to about 4 watts, or a 40-watt lamp
may be connected in series in the line from the
transmitter to the bridge if the transmitter
power cannot be reduced below 50 watts. With
power applied (preferably at 28 Mec.) through
J1 and the dummy connected to Jo, try values for
21 until the meter reading is zero with S; in the
“reflected” position. It is best to start with the
resistance a little high (a few trials will show
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which way to go) and then try various values of
resistance in parallel until a good null reading
is secured. The final value should lie between
the limits of 25 and 100 ohms. Finally, reverse
the transmitter and load connections, when a
good null should be obtained with the switch in
the ‘““forward” position. The “forward” and
“reflected” readings should be substantially
identical both ways if the construction is sym-
metrical.

With S; in the “forward” position the meter
gives a relative indication of power output, and
thus is useful for transmitter tuning. With S; in
the ‘“reflected” position the meter reading will
be zero when the line is properly matched.

Impedance Bridge

The bridge shown in Figs. 21-44 to 21-46, in-
clusive, uses the basic circuit of Ifig. 21-35B and
incorporates a “differential”” capacitor to obtain
an adjustable ratio. When a resistive load of un-
known value is connected in place of Ry, the
C1/Cs ratio may be varied to attain a balance, as
indicated by a null reading. The capacitor settings
can be calibrated in terms of resistance at R,
so the unknown value can be read off the cali-
bration.

The differential capacitor consists of two iden-
tical capacitors on the same shaft, arranged so
that when the shaft is rotated to increase the
capacitance of one unit, the capacitance of the
other decreases. The practical circuit of the
bridge is given in Fig. 21-45. Satisfactory opera-
tion hinges on observing the same constructional
precautions as in the case of the s.w.r. bridge.
Although a high-impedance voltmeter is not

Fig. 21-44—An RC bridge for measuring unknown values

of impedance. The bridge operates at an r.f. input

voltage level of about 5 volts. The aluminum box is
4 by 5 by 6 inches.



Impedance Bridge

Fig. 21-45—Circuit of the impedance

i
!
i
Cia ! ?vﬂv R, bridge. Resistors are composition, 14
Jy H oy watt except as noted. Fixed capaci-
N ( 1 [P ’ fors are ceramic.
R T ~ . . .
|NPST i :' ! [C‘RF %J_(LOAD Ci—Differential capacitor, 11-161
; I 1'1‘7 ! . 12K uuf. per section (Millen
L ! 2880])_. )
- CR;—Germanium dicde (1N34,
1MH 1N48, etc.).
Ji, J2—Coaxial connectors, chassis
i type.
e Fan M1—0-500 microammeter.
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essential, since the bridge is always adjusted for
a null, the use of such a voltmeter is advisable
because its better linearity makes the actual
null settings more accurately observable.

With the circuit arrangement and capacitor
shown, the useful range of the bridge is from
about 5 ohms to 400 ohms. The calibration is
such that the percentage accuracy of reading is
approximately constant at all parts of the scale.
The midscale value is in the range 50-75 ohms,
to correspond to the Zj of coaxial cable. The
reliable frequency range of the bridge includes all
amateur bands from 3.5 to 54 Mec.

Checking and Calibration

A bridge constructed as shown in the photo-
graphs should show a complete null at all fre-
quencies within the range mentioned above when
a 50-ohm “dummy’” load of the type described
earlier in connection with the s.w.r. bridge is
connected to the load terminals. The bridge may
be calibrated by using a number of lg-watt
5% tolerance composition resistors of different
values in the 5-400 ohm range as loads, in each
case balancing the bridge by adjusting C7 for a
null reading on the meter. The leads between
the test resistor and J: should be as short as
possible, and the calibration preferably should
be done in the 3.5-Mec. band where stray in-
ductance and capacitance will have the least
effect.

Using the Bridge

Strictly speaking, a simple bridge ¢can measure
only purely resistive impedances. When the load
is a pure resistance, the bridge can be balanced
to a good null (meter reading zero). If the load
has a reactance component the null will not be
complete; the higher the ratio of reactance to
resistance in the load the poorer the null reading.
The operation of the bridge is such that when
an exact null cannot be secured, the readings
approximate the resistive component of the load
for very low values of impedance, and approxi-
mate the total impedance at very high values of
impedance. In the mid-range the approximation
to either is poor, for loads having considerable
reactance.

In using the bridge for adjustment of matching
networks (i is set to the desired value (usually
the Zg of the coaxial line) and the matching net-
work is then adjusted for the best possible null.

. PARALLEL-CONDUCTOR LINES

Bridge measurements made directly on paral-
lel-conductor lines are frequently subject to
considerable error because of “antenna’ currents
flowing on such lines. These currents, which are
either induced on the line by the field around the
antenna or coupled into the line from the trans-
mitter by stray capacitance, are in the same
phase in both line wires and hence do not balance
out like the true transmission-line currents. They
will nevertheless actuate the bridge voltmeter,
causing an indication that has no relationship to
the standing-wave ratio.

S.W.R. Measurements
The effect of ‘““antenna’ currents on s.w.r.

Fig. 21-46—All components except the meter are
mounted on one of the removable sides of the box. The
variable capacitor is mounted on an L-shaped piece of
aluminum (with half-inch lips on the inner edge for bolting
to the box side) 2 inches wide, 24 inches high and 2%
inches deep, to shield the capacitor from the other com-
ponents. The terminals project through holes as shown,
with associated components mounted direcily on them
and the load connector, J2. Since the rotor of C; must not
be grounded, the capacitor is operated by an extension
shaft and insulated coupling.

The lead from Ji to Ci4 should go directly from the
input connector to the capacitor terminal (lower right) to
which the 68-ohm resistor is attached. The 4700-ochm
resistor is soldered across Ji.
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measurements can be largely overcome by using
a coaxial bridge and coupling it to the parallel-
conductor line through a properly designed
impedance-matching circuit. A suitable circuit
is given in Fig. 21-47. An antenna coupler can be
used for the purpose. In the balanced tank circuit
the ““antenna’ or parallel components on the line
tend to balance out and so are not passed on to
the s.w.r. bridge. It is essential that L; be coupled
to a “cold” point on Ls to minimize capacitive
coupling, and also desirable that the center of Lo
be grounded to the chassis on which the circuit is
mounted. Values should be such that L.Cs can be
tuned to the operating frequency and that L; pro-
vides sufficient coupling, as described in the trans-
mission-line chapter. The measurement procedure
is as follows:

Connect a noninductive (14- or 1-watt carbon)
resistor, having the same value as the charac-
teristic impedance of the parallel-conductor line,
to the “line” terminals. Apply r.f. to the bridge,
adjust the taps on Lp (keeping them equidistant

= | BRIDGE

Fig. 21-47 —Circuit for using coaxial s.w.r. bridge for

measurements on parallel-conductor lines. Values of cir-

cuit components are idential with those used for the similar

“antenna-coupler’ circuit discussed in the chapter on
transmission lines.

from the center), while varying the capacitance of
C1 and Cy, until the bridge shows a null. After the
null is obtained, do not touch any of the circuit
adjustments. Next, short-circuit the “line” ter-
minals and adjust the r.f. input until the bridge
voltmeter reads full scale. Remove the short-
circuit and test resistor, and connect the regular
transmission line. The bridge will then indicate
the standing-wave ratio on the line.

The circuit requires rematching, with the test
resistor, whenever the frequency is changed
appreciably. It can, however, be used over a
portion of an amateur band without readjust-
ment, with negligible error.

Impedance Measurements

Measurements on parallel-conductor lines and
other balanced loads can be made with the im-
pedance bridge previously deseribed by using a
balun of the type shown sche-
matically in Fig. 21-48. This is

Fig. 21-49—Balun construction
(W2ZE). 150-ohm Twin-Lead may
be used for the bifilar winding in
place of the ordinary wire shown.
Symmetrical construction with tight
cougling between the two coils is
essential to good performance.
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Fig. 21-48—Tuned balun for coupling between balanced

and unbalanced lines. L1 and L2 should be built as a bi-

filar winding to get as tight coupling as possible between
them. Typical constants are as follows:

Freq.,Mc. | Ly, L2 Ci Cs
28 3 turns each on 2-inch| 4 upf. 420 puf.
form, equally

spaced over 7
inch, total.

14 Same as 28 Mc. 0.0015 uf.

0.001 pf.

39 uuf.

7 8 turns of 150-ohm
Twin-Lead, no
spacing between
turns, on 2%-inch
dia. form.

None

3.5 Same as 7 Mc. 0.0045 uf.

62 upuf.

Capacitors in unit shown in Fig. 21-49 are NP0 disk
ceramic. Units may be paralleled to obtain proper ca-
pacitance.

an autotransformer having a 2-to-1 turns ratio
and thus provides a 4-to-1 step-down in imped-
ance from a balanced load to the output circuit
of the bridge, one side of which is grounded.
Ly and Ly must be as tightly coupled as possible,
and so should be constructed as a bifilar winding.
The circuit is resonated to the operating fre-
quency by €y, and (" serves to tune out any
residual reactance that may be present because
the coupling between the two coils is not quite
perfect.

Fig. 21-49 shows one method of constructing
such a balun. The two interwound coils are made
as nearly identical as possible, the “finish” end
of the first being connected to the “start” end
of the second through a short lead running under
the winding inside the form. The center of this
lead is tapped to give the connection to the shell
side of the coax connector. ('; should be chosen
to resonate the circuit at the center of the band
for which the balun is designed with J; open, and
Cs should resonate the circuit to the same fre-
quency with both J; and the “load” terminals
shorted. The frequency checks may be made with
a grid-dip meter. (For further details, sce QST
for August, 1955.)



S.W.R. Measurements

With the balun in use the bridge is operated in
the same way as previously described, except that
all impedance readings must be multiplied by 4.
The balun also may be used for s.w.r. measure-
ments on 300-ohm line in conjunction with a
resistance bridge designed for 75-ohm coaxial line.

The ‘‘Twin-Lamp’’

A simple and inexpensive standing-wave
indieator for 300-ohm line is shown in Fig.
21-50. It consists only of two flashlight lamps
and a short piece of 300-ohm line. When laid flat
against the line to be checked, the coupling is
such that outgoing power on the line causes the
lamp nearest to the transmitter to light, while
reflected power lights the lamp nearest the load.
The power input to the line should be adjusted
to make the lamp nearest the transmitter light
to full brilliance. If the line is properly matched

Fig. 21-50—The "‘twin-lamp” standing-wave indicator
mounted on 300-ochm Twin-Lead. Scotch tape is used
for fastening.

_ QR

-

Trans, Trans.
Line Line

Fig. 21-51—Wiring diagram of the "twin-lamp" stand-
ing-wave indicator.

and the reflected power is very low, the lamp
toward the antenna will be dark. If the s.w.r. is
high, the two lamps will glow with practically
equal brilliance.

The length of the piece of 300-chm line needed
in the twin-lamp will depend on the transmitter
power and the operating frequency. A few inches
will suffice with high power at high frequencies,
while a foot or two may be needed with low power
and at low frequencies.

In constructing the twin-lamp, cut one wire in
the exact center of the piece and peel the ends
back on either side just far enough to provide
leads to the flashlight lamps. Remove about 14
inch of insulation from one wire of the main
transmission line at some convenient point. Use
the lowest-current flashlight bulbs or dial lamps
available. Solder the tips of the bulbs together
and connect them to the bare point in the trans-
mission line, then solder the ends of the cut por-
tion of the short piece to the shells of the bulbs.
Figs. 21-50 and -51 should make the construc-
tion clear.

The twin-lamp will respond to “antenna’ cur-
rents on the transmission line in much the same
way as the bridge circuits discussed earlier. There
is therefore always a possibility of error in its in-
dications, unless it has been determined by other
means that “antenna’” currents are inconsequen-
tial compared with the true transmission-line
current.

The Oscilloscope

The cathode-ray oscilloscope gives a visual
representation of signals at both audio and radio
frequencies and can therefore be used for many
types of measurements that are not possible with
instruments of the types discussed earlier in this
chapter. In amateur work, one of the principal
uses of the scope is for displaying an amplitude-
modulated signal so a phone transmitter can be
adjusted for proper modulation and continu-
ously monitored to keep the modulation percent-
age within proper limits. I'or this purpose a very
simple circuit will suffice, and a typical circuit is
described later in this section.

The versatility of the scope can be greatly in-
creased by adding amplifiers and linear deflection
circuits, but the design and adjustment of such
circuits tends to be complicated if optimum per-
formance is to be secured, and is somewhat out-
side the field of this section. Special components
are generally required. Oscilloscope kits for home
assembly are available from a number of suppliers,
and since their cost compares very favorably

with that of a home-built instrument of com-
parable design, they are recommended for serious
consideration by those who have need for or are
interested in the wide range of measurements
that is possible with a fully equipped scope.

. CATHODE-RAY TUBES

The heart of the oscilloscope is the cathode-
ray tube, a vacuum tube in which the electrons
emitted from a hot cathode are first accelerated
to give them considerable velocity, then formed
into a beam, and finally allowed to strike a
special translucent screen which fluoresces, or
gives off light at the point where the beam
strikes. A beam of moving electrons can be meved
laterally, or deflected, by electric or magnetic
fields, and since its weight and inertia are neg-
ligibly small, it can be made to follow instantly
the variations in periodically changing fields at
both audio and radio frequencies.

The electrode arrangement that forms the
electrons into a beam is called the electron gun.
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Fig. 21-52—Typical construction for a cathode-ray tube of the electrostatic-deflection type.

In the simple tube structure shown in Tig.
21-52, the gun consists of the cathode, grid,
and anodes Nos. 1 and 2. The intensity of the
electron beam is regulated by the grid in the
same way as in an ordinary tube. Anode No. 1
is operated at a positive potential with respect
to the cathode, thus accelerating the electrons
that pass through the grid, and is provided
with small apertures through which the elec-
tron stream passes. On emerging from the
apertures the electrons are traveling in practi-
cally parallel straight-line paths. The electro-
static fields set up by the potentials on anode
No. 1 and anode No. 2 form an electron lens
system which makes the electron paths con-
verge or focus to a point at the fluorescent screen.
The potential on anode No. 2 is usually fixed,
while that on anode No. 1 is varied to bring the
beam into focus. Anode No. 1 is, therefore, called
the focusing electrode.

Electrostatic deflection, the type generally
used in the smaller tubes, is produced by de-
flecting plates. Two sets of plates are placed at
right angles to each other, as indicated in Fig.
21-52. The fields are created by applying suit-
able voltages between the two plates of each
pair. Usually one plate of each pair is connected
to anode No. 2, to establish the polarities of
the vertical and horizontal fields with respect
to the beam and to each other.

Formation of Patterns

When periodically-varying voltages are ap-
plied to the two sets of deflecting plates, the
path traced by the fluorescent spot forms a
pattern that is stationary so long as the ampli-
tude and phase relationships o! the voltages
remain unchanged. Fig. 21-53 shows how one
such patter: is formed. The horizontal sweep
voltage is assumed to have the “sawtooth”
waveshape indicated. With no voltage applied
to the vertical plates the trace simply sweeps
from left to right across the screen along the
horizontal axis X-X’' until the instant H is
reached, when it reverses direction and snaps
back to the starting point. The sine-wave voltage
applied to the vertical plates similarly would
trace a line along the axis Y=Y’ in the absence
of any deflecting voltage on the horizontal
plates. However, when both voltages are pres-
ent the position of the spot at any instant
depends upon the voltages on both sets of
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plates at that instant. Thus at time B the
horizontal voltage has moved the spot a short
distance to the right and the vertieal voltage
has similarly moved it upward, so that it
reaches the actual position B’ on the screen.
The resulting trace is easily followed from the
other indicated positions, which are taken at
equal time intervals.

Types of Sweeps

A sawtooth sweep-voltage wave shape, such
as is shown in Fig. 21-53, is called a linear
sweep, because the deflection in the horizontal
direction is directly proportional to time. If
the sweep were periect the fly-back time, or
time taken for the spot to return from the end
(H) to the beginning (I or A) of the horizontal
trace, would be zero, so that the line HI would
be perpendicular to the axis Y-Y’. Although
the fly-back time cannot be made zero in prac-
ticable sweep-voltage generators it can be
made quite small in comparison to the time of
the desired trace AH, at least at most frequen-
cies within the audio range. The line H'I’ is
called the return trace; with a linear sweep it is
less brilliant than the pattern, because the spot is
moving much more rapidly during the fly-back
time than during the time of the main trace.

The linear sweep shows the shape of the wave
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in the same way that it is usually represented
graphically. If the period of the a.c. voltage ap-
plied to the vertical platesis considerably less than
the time taken to sweep horizontally across the
gereen, several cyeles of the vertical or “signal”
voltage will appear in the pattern.

For many amateur purposes a satisfactory
horizontal sweep is simply a 60-cycle voltage
of adjustable amplitude. In modulation moni-
toring (described in the chapter on amplitude
modulation) audio-frequency voltage can be
taken from the modulator to supply the horizon-
tal sweep. I'or examination of audio-frequency
wave forms, the linear sweep is essential. Its fre-
quency should be adjustable over the entire
range of audio frequencies to be inspected on the
oscilloscope.

Lissajous Figures

When sinusoidal a.c. voltages are applied
to the two sets of deflecting plates in the os-
cilloscope the resultant pattern depends on
the relative amplitudes, frequencies and phase
of the two voltages. If the ratio between the
two frequencies is constant and can be expressed
in integers a stationary pattern will be produced.
This males it possible to use the oscilloscope for
determining an unknown frequency, provided a
variable frequency standard is available, or for
determining calibration points for a variable-
frequency oscillator if a few known frequencies
are available for comparison.

The stationary patterns obtained in this
way are calleq Lissajous figures. Ixamples
of some of the simpler Lissajous figures are
given in Fig. 21-54. The frequency ratio is found
by counting the number of loops along two adja-
cent edges. Thus in the third figure from the
top there are three loops along a horizontal
edge and only one along the wvertical, so the
ratio of the vertical frequency to the horizontal
frequency is 3 to 1. Similarly, in the fifth
figure from the top there are four loops along
the horizontal edge and three along the wver-
tical edge, giving a ratio of 4 to 3. Assuming
that the known frequency is applied to the
horizontal plates, the unknown frequency is

N2
fa= ,,TIfl

where f1 = known frequency applied to hori-

zontal plates,

f2 = unknown frequency applied to ver-
tical plates,

ni1 = number of loops along a vertical
edge, and

ne = number of loops along a horizontal
edge.

An important application of Lissajous fig-
ures is in the calibration of audio-frequency
signal generators. IFor very low frequencies the
60-cycle power-line frequency is held accurately
cenough to be used as a standard in most localities,
The medium audio-frequency range can be cov-
ered by comparison with the $40- and 600-cycle
modulation on the WWV transmissions. An
oscilloscope having both horizontal and vertical

PATTERNS [FREQ. RATIO

14

24

3
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Fig. 21-54—Lissajous figures and corresponding fre-
quency ratios for a 90-degree phase relationship between
the voltages applied to the two sets of deflecting plates.

amplifiers is desirable, since it is convenient to
have a means for adjusting the voltages applied
to the deflection plates to secure a suitable pat-
tern size. It is possible to ealibrate over a 10-
to-1 range, both upwards and downwards, from
each of the latter frequencies and thus cover the
audio range useful for voice communication.

Basic Oscilloscope Circuit
The essential oscilloscope circuit is shown in

O +
HV.

ok By

100K
r 3300
SIG. Re
INPUT goue
Loy
V. 3300 Rg
v, 680K
== )
A‘ — > Cs
CreEh—i—,
G, — 3300
/ .
X 9.2 FOCUS
»<, 500K
Ryl INTENSITY Rio T
Vv V-
100K 220K

Fig. 21-55—Oscilloscope circuit for modulation moni-

toring. Constants are for 1500- to 2500-volt h.v. supply.

For 1000-1500 volts, omit Rs and connect the botiom

end of Rz to the top end of Ry.

C1-C5, inc.—3000-volt disk ceramic.

Ri, Re, Rg, Ri1i—Volume-control type, linear taper.

R3, R4, Rs Re, Rio— Y2 watt.

R7, Rs—1 watt.

Vi—Electrostatic-deflection cathode-ray tube, 2- to 5-
inch. See tube tables for base connections and
heater ratings of type chosen.
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Fig. 21-55. The minimum requirements are sup-
plying the various electrode potentials, plus con-
trols for focusing and centering the spot on the
face of the tube and adjusting the spot intensity.
The circuit of Fig. 21-55 can be used with electro-
static-deflection tubes from two to five inches in
face diameter, with voltages up to 2500. This in-
cludes practically all the types popular for small
oscilloscopes.

The circuit has provision for introducing signal
voltages to the two sets of deflecting plates.
Either set of deflecting electrodes (DiDg, or
D3Dy) may be used for either horizontal or verti-
cal deflection, depending on how the tube is
mounted.

The high voltage may be taken from a trans-
mitter power supply if desired. The current is
only a milliampere or so. The voltage preferably
should be constant, such as is obtained from a
supply having a constant load — e.g., the supply
for the Class C amplifier in an a.m. transmitter.

In the circuit of Fig. 21-55 the centering con-
trols are at the full supply voltage above ground
and therefore should be carefully insulated by
being mounted on bakelite or similar material
rather than directly on a metal panel or chassis.
Insulated couplings or extension shafts should be
used. The focussing control is also several hun-
dred volts above ground and should be similarly
insulated.

The tube should be protected from stray mag-
netic fields, either by enclosing it in an iron or
steel box or by using one of the special c.r. tube
shields available. If the heater transformer (or
other transformer) is mounted in the same cabi-
net, care must be used to place it so the stray
field around it does not deflect the spot. The spot
cannot be focussed to a fine point when influ-
enced by a transformer field.

Modulation Monitoring

The addition of Fig. 21-56 to the basic circuit
of Fig. 21-55 provides all that is necessary for
modulation checking. The r.f. from the trans-
mitter is applied to the vertical plates through a
tuned circuit L;C7 and link Ls. When adjusted to
the transmitter operating frequency the tuned
circuit furnishes ample deflection voltage even
from a low-power transmitter, and C; can be
used to control the pattern height.

Deflection voltage for the horizontal plates
can be taken from the modulation transformer
secondary of an a.m. transmitter, or 60-cycle de-
flection can be used to give a wave-envelope type
pattern. In either case a maximum of about 200
volts r.m.s. will give full-width deflection. This
voltage is almost independent of the size of c.r.
tube used. Methods of using such a scope for
modulation checking are described in the chapter
on amplitude modulation.
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Fig. 21-56—Circuits for supplying r.f., audio, and a.c.
voltages to oscilloscope deflection plates for modulation
monitoring.

C1—100-upf. variable, receiving type.
L1i—1.75 Mc.: 30 enam. close-wound on 1-inch form,
coil length % inch.
3.5-8 Mc.: 30 turns No. 22 enam., close-wound on
1-inch form.
13-30 Mc.; 7 turns No. 22, spread to % inch length
on 1-inch form.
Lo—2 or more turns, as required for sufficient coupling,
at cold end of Li.
R1—Volume control, 0.25 megohm or more.
S1—D.p.d.t. switch.
Ti—Interstage audio transformer, any type. Use second-
ary-to-primary turns ratio of 1-to-1 fo 2-to-1.

Frequency Limitations of Oscilloscopes

Most commercial or kitted oscilloscopes in-
clude vacuum-tube amplifiers between the input
terminals and the deflection plates, to increase
the sensitivity and usefulness of the instrument.
Depending upon the construction of the ampli-
fiers, their useful frequeney range may be only as
high as several hundred ke., although more ex-
pensive instruments will include amplifiers that
work in the megacycle range. The operator should
acquaint himself with the frequency limitations
of the 'scope through study of the specifications,
since attempts to pass, e.g., a 450-ke. i.f. signal
through an amplifier that cuts off at 100 kec. are
doomed to failure. No such frequency limits ap-
ply when the connection is made directly to the
deflection plates, and consequently r.f. at 20 to
30 Mec. can be applied by the method shown in
Fig. 21-56. A practical limitation will be found
when r.f. from the vertical plates is (stray)
capacitively coupled to the horizontal-deflection
plates; this will show as a thickening of the trace.
In some instances it can be reduced by r.f.
bypassing of the horizontal deflection plates.



CHAPTER 22

Assembling a

Station

The actual location inside the house of the
““shack” — the room where the transmitter
and receiver are located — depends, of course,
on the free space available for amateur activi-
ties. [Fortunate indeed is the amateur with a
separate room that he can reserve for his hobby,
or the few who can have a special small building
separate from the main house. However, most
amateurs must share a room with other domestic
activities, and amateur stations will be found
tucked away in a corner of the living room, a
bedroom, a large closet, or even under the kitehen
stove! A spot in the cellar or the attic ean almost
be classed as a separate room, although it may
lack the ““finish”” of a normal room.

Regardless of the location of the station,
however, it should be designed for maximum
operating convenience and safety. It is foolish
to have the station arranged so that the throw-
ing of several switches is required to go from
“receive” to “‘transmit,” just as it is silly to
have the equipment arranged so that the op-
erator iz in an uncomfortable and ecramped
position during his operating hours. The rea-
son for building the station as safe as possible
is obvious, if you are interested in spending a
number of vears with vour hobby!

@ CONVENIENCE

The first consideration in any amateur
station is the operating position, which in-
cludes the operator’s table and chair and the
pieces of equipment that are in constant use

Here’s one way to build a console. Use

a 4-foot X 4-foot X Va-inch piece of

plywood for a center section, and a

couple of 3-drawer chests for the end

sections. This gives plenty of operating

space in a small area. (W 5KSE, El Paso,
Texas)

(the receiver, send-receive switch, and key or
microphone). The table should be as large as
possible, to allow sufficient room for the re-
ceiver or receivers, frequeney-measuring equip-
ment, monitoring equipment, control switches,
and keys and microphones, with enough space
left over for the logbook, a pad and pencil, and
perhaps a large ash tray. Suitable space should
be included for radiogram blanks and a call
book, if these accessories are in frequent use.
If the table is small, or the number of pieces of
equipment is large, it is often necessary to build
a shelf or rack for the auxiliary equipment, or
to mount it in some less convenient location in
or under the table. If one has the facilities, a
semicircular ““console” can be built of wood, or
a simpler solution is to use two small wooden
cabinets to support a table top of wood or
Masonite. A flush-type door will make an excel-
lent table top. Home-built tables or consoles can
be finished in any of the available oil stains,
varnishes, paints or lacquers. Many operators
use a large piece of plate glass over part of their
table, since it furnishes a good writing surface
and ean cover miscellaneous charts and tables,
prefix lists, operating aids, calendar, and simi-
lar accessories.

If the major interests never require frequent
band changing, or frequency changing within
a band, the transmitter can be located some
distance from the operator, in a location where
the meters can be observed from time to time
(and the color of the tube plates noted!). If
frequent band or frequency changes are a part
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of the usual operating procedure, the trans-
mitter should be mounted close to the oper-
ator, either along one side or above the re-
ceiver, so that the controls are easily accessible
without the need for leaving the operating
position.

A compromise arrangement would place the
v.f.o. or crystal-switched oscillator at the op-
erating position and the transmitter in some
convenient loecation not adjacent to the op-
erator. Since it is usually possible to operate
over a portion of a band without retuning the
transmitter stages, an operating position of this
type is an advantage over one in which the
operator must leave his position to make a
change in frequency.

Controls

The operator has an excellent chance to
exercise his ingenuity in the location of the op-
erating controls. The most important controls
in the station are the receiver tuning dial and
the send-receive switch. The receiver tuning
dial should be located four to eight inches
above the operating table, and if this requires
mounting the receiver off the table, a small
shelf or bracket will do the trick. With the
single exception of the amateur whose work is
almost entirely in traffic or rag-chew nets,
which require little or no attention to the re-
ceiver, it will be found that the operator’s
hand is on the receiver tuning dial most of the
time. If the tuning knob is too high or too low,
the hand gets cramped after an extended
period of operating, hence the importance of
a properly located receiver. The majority of
c.w. operators tune with the left hand, pre-
ferring to leave the right hand free for copying
messages and handling the key, and so the
receiver should be mounted where the knob
can be reached by the left hand. Phone op-
erators aren’t tied down this way, and tune the

e

communications receiver with the hand that is
more convenient.

The hand key should be fastened securely
to the table, in a line just outside the right
shoulder and far enough back from the front
edge of the table so that the elbow can rest on
the table. A good location for the semiauto-
matic or ““bug” key is right next to the hand-
key, although some operators prefer to mount
the automatic key in front of them on the left,
so that the right forearm rests on the table
parallel to the front edge.

The best location for the microphone is
directly in front of the operator, so that he
doesn’t have to shout across the table into it,
or run up the speech-amplifier gain so high
that all manner of external sounds are picked
up. If the microphone is supported by a boom
or by a flexible “goose neck,” it can be placed
in front of the operator without its base taking
up valuable table space.

In any amateur station worthy of the name,
it should be necessary to throw no more than
one switch to go from the “receive” to the
“transmit” condition. In phone stations, this
switch should be located where it can be easily
reached by the hand that isn’t on the receiver.
In the case of c.w. operation, this switch is
most, conveniently located to the right or left
of the key, although some operators prefer to
have it mounted on the left-hand side of the
operating position and work it with the left
hand while the right hand is on the key.
Either loeation is satisfactory, of course, and
the choice depends upon personal preference.
Some operators use a foot-controlled switch,
which is a convenience but doesn’t allow too
much freedom of position during long oper-
ating periods.

If the microphone is hand-held during
phone operation, a “push-to-talk” switch on
the microphone is convenient, but hand-held

Here's a console that was designed
with operating convenience in mind.
WZ7EBG built it almost entirely out of
%' plywood, with strips of 2 X 2
along the boftom edges for caster
supports. It is assembled with bolts so
that it can be readily dismantled for
shipping. Over-all dimensions are 48’/
wide, 40%2'’ high, with the horizontal
desk top 16" wide and the sloping
portion 15" wide.
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microphones tie up the use of one hand and
are not too desirable, although they are widely
used in mobile and portable work.

The location of other switches, such as those
used to control power supplies, filaments,
phone/c.w. change-over and the like, is of no
particular importance, and they can be located
on the unit with which they are associated.
This is not strictly true in the case of the
phone/c.w. DX man, who sometimes has need
to change in a hurry from c.w. to phone. In
this case, the change-over switch should be
at the operating table, although the actual
change-over should be done by a relay controlled
by the switch.

If a rotary beam is used the control of the
beam should be convenient to the operator.
The direction indicator, however, can be located
anywhere within sight of the operator, and does
not have to be located on the operating table
unless it is included with the control.

Frequency Spotfing

In a station where a v.f.o. is used, or where a
number of crystals are available, the operator
should be able to turn on only the oscillator of
his transmitter, so that he can spot accurately
his location in the band with respect to other
stations. This allows him to see if he has any-
thing like a clear channel, or to see what his fre-
quency is with respect to another station. Such
a provision can be part of the ‘“send-receive”
switch. Switches are available with a center
““off” position, a “hold” position on one side,
for turning on the oscillator only, and a “lock”
position on the other side for turning on the
transmitter and antenna relays. If oscillator
keying is used, the key serves the same pur-
pose, provided a ‘‘send-receive” switch is
available to turn off the high-voltage supplies
and prevent a signal going out on the air during
adjustment of the oscillator frequency.

For phone operation, the telegraph key or
an auxiliary switeh can control the transmitter
oscillator, and the ‘‘send-receive” switch can
then be wired into the control system so as to
control the oscillatoras wellas the other eircuits.

Comfort

Of prime importance is the comfort of the
operator. If you find yourself getting tired
after a short period of operating, examine
your station to find what causes the fatigue. It
may be that the chair is too soft or hasn’t a
straight back or is the wrong height for you.
The key or receiver may be located so that you
assume an uncomfortable position while using
them. If you get sleepy fast, the ventilation
may be at fault. (Or you may need sleep!)

@ POWER CONNECTIONS AND
CONTROL
Following a few simple rules in wiring your
power supplies and control circuits will make
it an easy job to change units in the station. If

the station is planned in this way from the
start, or if the rules are recalled when you are
rebuilding, vou will find it a simple matter to
revise your station from time to time without a
major rewiring job.

It is neater and safer to run a single pair of
wires from the outlet over to the operating table
or some central point, rather than to use a
number of adapters at the wall outlet.

Interconnections

The wiring of any station will entail two or
three common circuits, as shown in Fig. 22-3. The
circuit for the receiver, monitoring equipment
and the like, assuming it to be taken from a wall
outlet, should be run from the wall to an incon-
spicuous point on the operating table, where it
terminates in a multiple outlet large enough to
handle the required number of plugs. A single
switch between the wall outlet and the recepta-
cle will then turn on all of this equipment at
one time.

The second common circuit in the station is
that supplying voltage to rectifier- and trans-
mitter-tube filaments, bias supplies, and any-
thing else that is not switched on and off during
transmit and receive periods. The coil power
for control relays should also be obtained from
this circuit. The power for this circuit can come
from a wall outlet or from the transmitter line,
if a special one is used.

The third circuit is the one that furnishes
power to the plate-supply transformers for the
r.f. stages and for the modulator. (See section
on Power Supplies for high-power considera-
tions.) When it is opened, the transmitter is
disabled except for the filaments, and the trans-
mitter should be safe te work on. However, one
always feels safer when working on the trans-
mitter if he has turned off every power source.

With these three circuits established, it be-
comes a simple matter to arrange the station
for different conditions and with new units.
Anything on the operating table that runs all
the time ties into the first circuit. Any new
power supply or r.f. unit gets its filament
power from the second circuit. Since the third
circuit is controlled by the send-receive switch
(or relay), any power-supply primary that is to
be switched on and off for send and receive
connects to circuit C.

Break-In and Push-To-Talk

In c.w. operation, “break-in’’ is any system
that allows the transmitting operator to hear
the other station’s signal during the “key-up”
periods between characters and letters. This
allows the sending station to be ““broken” by
the receiving station at any time, to shorten
calls, ask for “fills” in messages, and speed
up operation in general. With present tech-
niques, it requires the use of a separate receiv-
ing antenna or a “t.r. box” and, with high power,
some means for protecting the receiver from the
transmitter when the key is “down.’”’ Several
methods, applicable to high-power stations, are

541



22 -ASSEMBLING A STATION

deseribed in Chapter Eight. If the transmitter is
low-powered (50 watts or so), no special
equipment is required except the separate re-
ceiving antenna and a receiver that “recovers”
fast. Where break-in operation is used, there
should be a switeh on the operating table to
turn off the plate supplies when adjusting the
oscillator to a new frequency, although during
all break-in work this switch will be closed.

“Push-to-talk” is an expression derived
from the “push” switeh on some microphones,
and it means a phone station with a single
control for all change-over functions. Strictly
speaking, it should apply only to a station
where this single send-receive switch must be
held in place during transmission periods, but
any fast-acting switch will give practically the
same effect. A control switch with a center
“off”? position, and one “hold” and one ““lock”
position, will give more flexibility than a
straight “push” switch. The one switch must
control the transmitter power supplies, the re-
ceiver ““on-off”’ circuit and, if one is used, the
antenna change-over relay. The rceeiver control
is necessary to disable its output during transmit
periods, to avoid acoustic feedback.

Switches and Relays

It is dangerous to use an overloaded switch
in the power circuits. After it has been used for
some time, it may fail, leaving the power on the
circuit even after the switch is thrown to the
“off 7 position. For this reason, large switches,
or relays with adequate ratings, should be used
to control the plate power. Relays are rated by
coil voltages (for their control circuits) and by
their contact current and voltage ratings. Any
switch or relay for the power-control circuits of
an amateur station should be conservatively
rated; overloading a switch or relay is very poor
economy. Switches rated at 20 amperes at 125
volts will handle the switching of circuits at the
kilowatt level, but the small toggle switches
rated 3 amperes at 125 volts should be used only
in circuits up to about 150 watts.

When relays are used, the send-receive switch

closes the circuit to their coils, thus closing the
relay contacts. The relay contacts are in the
power circuit being controlled, and thus the
switch handles only the relay-coil current. As
a consequence, this switch can have a low current
rating.

@ SArETY

Of prime importance in the layout of the
station is the personal safety of the operator
and of visitors, invited or otherwise, during
normal operating practice. If there are small
children in the house, every step must be taken
to prevent their accidental contact with power
leads of any voltage. A locked room is a fine idea,
if it is possible, otherwise housing the transmitter
and power supplies in metal cabinets is an exeel-
lent, although expensive, solution. Lacking a
metal cabinet, a wooden cabinet or a wooden
framework covered with wire screen is the next-
best solution. Many stations have the power
supplies housed in metal cabinets in the operating
room or in & closet or basement, and this cabinet
or entry is kept locked — with the key out of
reach of everyone but the operator. The power
leads are run through conduit to the transmitter,
using ignition cable for the high-voltage leads. If
the power supplies and transmitter are in the
same cabinet, a lock-type main switch for the
incoming line power is 4 good precaution.

A simple substitute for a lock-type main switch
is an ordinary line plug with a short connecting
wire between the two pins. By wiring a female
receptacle in series with the main power line in
the transmitter, the shorting plug will act as the
main safety lock. When the plug is removed and
hidden, it will be impossible to energize the trans-
mitter, and a stranger or child isn’t likely to spot
or suspect the open receptacle.

An essential adjunet to any station is o shorting
stick for discharging any high voltage to ground
before any work is done in the transmitter. Even
if interlocks and power-supply bleeders are used,
the failure of one or more of these components
may leave the transmitter in a dangerous condi-

This neat "built-in" installation features separate finals
and exciters for each band, along with room for receiver,
frequency meter, oscilloscope, Q multiplier and v.h.f. con-
verter. All units are mounted on the three large panels;
the panels are hinged at the bottom so that they can be
lowered for service work on the individual units. A com-
mon power supply is used, and band-changing consists
of turning on the filaments in the desired r.f. section.
(W9QOVO, Sturgeon Bay, Wisc.)
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tion. The shorting stick is made by mounting a
small metal hook, of wire or rod, on one end of a
dry stick or bakelite rod. A piece of ignition cable
or other well-insulated wire is then run from
the hook on the stick to the chassis or common
ground of the transmitter, and the stick is hung
alongside the transmitter. Whenever the power
is turned off in the transmitter to permit work
on the rig, the shorting stick is first used to
touch the several high-voltage leads (plate r.f.
choke, filter capacitor, tube plate connection,
ete.) to insure that there is no high voltage at
any of these points. This simple device has saved
many a life. Use it!
Fusing

A minor hazard in the amateur station is the
possibility of fire through the failure of a com-
ponent. If the failure is complete and the com-
ponent is large, the house lfuses will generally
blow. However, it is unwise and inconvenient to
depend upon the house fuses to protect the lines
running to the radio equipment, and every power
supply should haveits primary circuitindividually
fused, at about 150 to 200 per cent of the maxi-
mum rating of the supply. Circuit breakers can
be used instead of fuses if desired.

Wiring

Control-circuit wires running between the
operating position and o transmitter in another
part of the room should be hidden, if possible.
This can be done by running the wires under
the floor or behind the base molding, bringing
the wires out to terminal boxes or regular wall
fixtures. Such construction, however, is gen-
erally only possible in elaborate installations,
and the average amateur must content himself
with trying to make the wires as inconspicuous
as possible. If several pairs of leads must be run
from the operating table to the transmitter, as is
generally the case, a single piece of rubber- or

vinyl-covered multiconductor cable will always
look neater than several pieces of rubber-covered
lamp cord, and it is much easier to sweep around
or dust.

The antenna wires always present a problem,
unless coaxial-line feed is used. Open-wire line
from the point of entry of the antenna line should
always be arranged neatly, and it is generally best
to support it at several points. Many operators
prefer to mount any antenna-tuning assemblies
right at the point of entry of the feedline, together
with an antenna changeover relay (if one is used),
and then the link from the tuning assembly to
the transmitter can be made of inconspicuous
coaxial line. If the transmitter is mounted near
the point of entry of the line, it simplifies the
problem of “What to do with the feeders?”

Lightning Protection

The antenna system usually associated with
amateur radio equipment is most vulnerable to
lightning due to its height and length. To validate
one’s insurance, the antenna installation must
comply with the National Board of Fire Under-
writers Electrical Code which says:

Lightning Arresters — Transmiiting Stations.
Except where protected by a continuous metallic
shield (coax) which is permanently and effec-
tively grounded, or the antenna is permanently
and effectively grounded, each conductor of a
lead-in for outdoor antenna shall be provided
with a lightning arrester or other suitable means
which will drain statie charges from the antenna,
system.

If coaxial line is used, compliance with the
above is readily achieved by grounding the shield
of the coax at the point where it is nearest to the
ground outside the house. Use a heavy wire —
the aluminum wire sold for grounding TV anten-
nas is good. If the cable can be run underground,
a grounding stake should be located at the point
where the cable enters the ground, at the an-

A neat operating bench can be built from wood and covered with linoleum. There is enough room on the table shown
here to house the transmitter, receiver, and numerous adjuncts and accessories. Interconnecting wiring is run behind the
units or underneath the table. (W3AQN, York, Pa.)
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22 - ASSEMBLING A STATION

tenna end. The grounding stake, to be effective
in soils of average conductivity, should be not
less than 10 feet long and, if possible, plated with
a metal that will not corrode in the local soil.
Making connection to the outside of the outer
conductor of the coaxial line will normally have
no effect on the s.w.r. in the line, and consequently
it can be done at any point or points.

Open-wire or Twin-Lead transmission lines can
be protected by installing a spark gap such as the
one sketched in Fig. 22-1. The center contact
should be grounded with a No. 4 or larger wire.
The gaps can be made from 2§ X Ys-inch flat
brass rod shaped as shown, and the gaps should
be set sufficiently far apart to prevent flash-over
during normal operation of the transmitter.
Depending upon the power of the transmitter
and the s.w.r. pattern on the line, the gap may
run anything from 1/32 to 3/16 inch. It may
spark intermittently when a thunderstorm is
building up or is in the general area.

(SEE TEXT).

TO GROUND

SAME SPACING AS FEEDERS

Fig. 22-1—A simple lightning arrester made from three
stand-off or feed-through insulators and sections of brass
or copper strap. It should be installed in the open-wire or
Twin-Lead line at the point where it is nearest the ground
outside the house. The heavy ground lead should be as
short and direct as possible.

Rotary beams using a T or gamma match and
with each element connected to the boom will
usually be grounded through the supporting
metal tower. If the antenna is mounted on a
wooden pole or on the top of the house, a No. 4

or larger wire should be connected from the beam
to the ground by the shortest and most direct
route possible, using insulators where the wire
comes close to the building. From a lightning-
protection standpoint, it is desirable to run the
coaxial and control lines from a beam down a
metal tower and underground to the shack. If the
tower is well grounded and the antenna is higher
than any surrounding objects, the combination
will serve well as a lightning rod.

The sole purpose of lightning rods or grounded
roofs is to protect a building in case a lightning
stroke occurs; there is no accepted evidence that
any form of protection can prevent a stroke.*

Ixperiments have indicated that a high verti-
‘al conductor will generally divert to itself direct
hits that might otherwise fall within a cone-
shaped space of which the apex is the top of the
conductor and the base a circle of radius approxi-
mately two times the height of the conductor.
Thus a radio mast may afford some protection to
low adjacent structures, but only when low-
impedance grounds are provided.

Underwriters’ Code

The National Electrical Safety Code, Pam-
phlet 70, Standard of the National Board of
Fire Underwriters, deals with electriec wiring and
apparatus. The Code was set up to protect per-
sons and buildings from the electrical hazards
arising from the use of electricity, radio, ete.
Article 810 is entitled “Radio Equipment.” The
scope of this article, section 8101, says, “The
article applies to radio and television receiving
equipment and to amateur radio transmitting
equipment, but not to the equipment used in
arrier-current operation.”

The Board of Fire Underwriters sets up the
code as a minimum standard for good praetice.
Most cities adopt the code, or parts of it, either
entirely or with certain amendments which may
apply to that particular city. It is up to the city
to enforce these rules. When a violation is re-
ported, periodic checks are made by an inspec-
tor until a correction is made and to insure

* See *“Code for Protection Against Lightning,” National
Bureaw of Standards Handbook 46, for sale by the Superin-
tendent of Documents, Washington 25, D. C,

In this station arrangement, eight small panels near the
front of the table carry the auxiliary gear. From left to
right: {1) loud speaker with selector switch to receivers
or monitor; (2) conelrad receiver and automatic trans-
mitter disabler; (3) Monimatch; (4) antenna selector switch;
(5) intercom to other rooms in house; (6) station control
switch; (7) beam rotator control; (8) transmission timer
and monitor. All eight accessory units are completely en-
closed in perforated aluminum and are plug in. (K9HGJ,
Milwaukee, Wisc.)
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Fige 22-2—Power circuits for a high-power station. A shows the outlets for the receiver, monitoring equipment, speech
amplifier and the like. The outlets should be mounted inconspicuously on the operating table. B shows the transmitter
filament circuits and control-relay circuits, if the latter are used. C shows the plate-transformer primary circuits, controlled
by the power relay. Where 230- and 115-volt primaries are controlled simultaneously, point "'X"' should connect to the
""neutral” or common. A heavy-duty switch can be used instead of the relay, in which case the antenna relay would

be connected in circuit C. If 115-volt pilot lamps are used,

they can be connected as shown. Lower-voltage lamps

must be connected across suitable windings on transformers. With 'push-to-talk'’ operation, the ''send-receive' switch
can be a d.p.d.t. affair, with the second pole controlling the “"on-off" circuit of the receiver.

against future recurrence. The National Electric
Code is only a minimum standard, and compli-
ance with its rules will assure less operating
failures and hazards, and greater safety.

The pamphlet is available by writing the Na-
tional Board of Fire Underwriters at 85 John
Street, New York 38, N. Y. Ask for No. 70.

Parts of the Underwriters’ Code deal with
power wiring and, in addition to the requirement
of the use of Underwriters Laboratory approved
materials and fittings, have the following to say
of direct interest to amateurs:

“All switches shall indicate clearly whether
they are open or closed.

“All (switeh) handles throughout a system
. . . shall have uniform open and closed posi-
tions.

“. . . supply circuits shall not be designed to
use the grounds normally as the sole conductor
for any part of the circuit.”

The latter means that wire conductor should
be used for all parts of the power circuit. De-
pendence should not be placed on water pipes,
etc., as one side of a circuit.

545



BCI and TVI

Every amateur has the obligation to make sure
that the operation of his station does not, because
of any shortcomings in equipment, cause inter-
ference with other radio services. It is unfortu-
nately true that much of the interference that
amateurs cause to broadcast and television re-
ception is directly the fault of BC and TV receiver
construction. Nevertheless, the amateur can and
should help to alleviate interference even though
the responsibility for it does not lie with him.

Successful handling of interference cases re-
quires winning the listener’s cooperation. Here are
a few pointers on how to go about it.

Clean House First

The first step obviously is to make sure that the
transmitter has no radiations outside the bands
assigned for amateur use. The best check on this
is your own a.m. or TV receiver. It is always con-
vincing if you can demonstrate that you do
not interfere with reception in your own home.

Don’t Hide Your Identity

Whenever you make equipment changes — or
shift to a hitherto unused band or type of emis-
sion — that might be expected to change the
interference situation, check with your neighbors.
If no one is experiencing interference, so much
the better; it does no harm to keep the neighbor-
hood aware of the fact that you are operating
without bothering anyone.

Should you change location, announce your
presence and conduct occasional tests on the air,
requesting anyone whose reception is being
spoiled to let you know about it so steps may be
taken to eliminate the trouble.

Act Promptly
The average person will tolerate a limited

CHAPTER 23

amount of interference, but the sooner you take
steps to eliminate it, the more agreeable the
listener will be; the longer he has to wait for you,
the less willing he will be to cooperate.

Present Your Story Tactfully

When you interfere, it is natural for the com-
plainant to assume that your transmitter is at
fault. If you are certain that the trouble is not
in your transmitter, explain to the listener that
the reason lies in the receiver design, and that
some modifications may have to be made in the
receiver if he is to expect interference-free re-
ception.

Arrange for Tests -

Most listeners are not very competent ob-
servers of the various aspects of interference.
If at all possible, enlist the help of another
amateur and have him operate your transmit-
ter while you see for yourself what happens at
the affected receiver.

In General

In this “public relations” phase of the prob-
lem a great deal depends on your own attitude.
Most people will be willing to meet you half
way, particularly when the interference is not
of long standing, if you as a person make a
good impression. Your personal appearance is
important. So is what you say about the re-
ceiver — no one takes kindly to hearing his pos-
sessions derided. If you discuss your interference
problems on the air, do it in a constructive way —
one calculated to increase listener cooperation,
not destroy it.

Interference With Standard Broadcasting

Interference with a.m. broadcasting usually
falls into one or more rather well-defined cate-
gories. An understanding of the general types of
interference will avoid much cut-and-try in find-
ing a cure.

Transmitter Defects

Out-of-band radiation is something that
must be cured at the transmitter. Parasitic
oscillations are a frequently unsuspected
source of such radiations, and no transmitter
can be considered satisfactory until it has been
thoroughly checked for both low- and high-
frequency parasitics. Very often parasitics
show up only as transients, causing key clicks
in ¢.w. transmitters and ‘““splashes’ or “burps”
on modulation peaks in a.m. transmitters.
Methods for detecting and eliminating para-
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sitics are discussed in the transmitter chapter.

In e.w. transmitters the sharp make and
break that occurs with unfiltered keying causes
transients that, in theory, contain frequency
components through the entire radio spectrum.
Practically, they are often strong enough in the
immediate vicinity of the transmitter to cause
serious interference to broadeast reception. Key
clicks can be eliminated by the methods detailed
in the chapter on keying.

A distinction must be made between clicks
generated in the transmitter itself and those
set up by the mere opening and closing of the
key contacts when current is flowing. The
latter are of the same nature as the clicks heard
in a receiver when a wall switch is thrown to
turn a light on or off, and may be more trouble-
some nearby than the clicks that actually go



Causes of BCI

out on the signal. A filter for climinating them
usually has to be installed as close as possible
to the key contacts.

Overmodulation in a.m. phone transmitters
generates transients similar to key clicks. It
can be prevented either by using automatic
systems for limiting the modulation to 100
per cent, or by continuously monitoring the
modulation. Methods for both are described
in the chapter on amplitude modulation.

BCI is frequently made worse by radiation
from the power wiring or the r.f. transmission
line. This is because the signal causing the inter-
ference, in such cases, is radiated from wiring that
is nearer the broadecast receiver than the antenna
itself. Much depends on the method used to cou-
ple the transmitter to the antenna, a subjeet that
is discussed in the chapters on transmission lines
and antennas. If it is at all possible the antenna
itself should be placed so that it is not in close
proximity to house wiring, telephone and power
lines, and similar conductors,

Image and Oscillator-Harmonic Responses

Most present-day broadeast receivers use a
built-in loop antenna as the grid circuit for the
mixer stage. The selectivity is not especially high
at the signal frequency. Furthermore, an appre-
ciable amount of signal pick-up usually occurs on
the a.c. line to which the receiver is connected,
the signal so picked up being fed to the mixer
grid by stray means.

As a result, strong signals from nearby trans-
mitters, even though the transmitting frequency
is far removed from the broadeast band, ean
force themselves to the mixer grid. They will nor-
mally be eliminated by the i.f. selectivity, except
in cases where the transmitter frequency is the
image of the broadeast signal to which the re-
ceiver is tuned, or when the transmitter frequency
is so related to a harmonic of the broadeast re-
ceiver’s local oscillator as to produce a beat at the
intermediate frequency.

These image and oscillator-harmoniec re-
sponses tune in and out on the broadcast re-
ceiver dial just like a broadecast signal, except
that in the case of harmonic response the
tuning rate is more rapid. Since most receivers
use an intermediate frequency in the neighbor-
hood of 455 ke., the interference is a true image
only when the amateur transmitting frequency
is in the 1800-ke. band. Oscillator-harmonic
responses occur from 3.5- and 7-Me. transmis-
sions, and sometimes even from higher fre-
quencies.

Since images and harmonic responses occur
at definite frequencies on the receiver dial, it is
possible to choose operating frequencies that will
avoid putting such a response on top of the broad-
cast stations that are favored in the vicinity.
While your signal may still be heard when the
receiver is tuned off the local stations, it will at
least not interfere with program reception.

There is little that can be done to most re-
ceivers to cure interference of this type except to
reduce the amount of signal getting into the set

through the a.c. line. A line filter such as is shown
in Fig. 23-1 often will help accomplish this. The
values used for the coils and capacitors are in
general not eritical. The effectiveness of the filter
may depend considerably on the ground con-
nection used, and it is advisable to use a short
ground lead to a cold-water pipe if at all possible.
The line cord from the set should be bunched up,
to minimize the possibility of pick-up on the cord.,
It may be necessary to install the filter inside the
receiver, so that the filter is connected between
the line cord and the set wiring, in order to get
satisfactory operation.

Cross-Modulation

With phone transmitters, there are occasion-
ally cases where the voice is heard whenever the
broadeast receiver is tuned to a BC station, but
there is no interference when tuning between
stations. This is cross-modulation, a result of
rectification in one of the early stages of the re-
ceiver. Receivers that are susceptible to this
trouble usually also get a similar type of interfer-
ence from regular broadcasting if there is a
strong local BC station and the receiver is tuned
to some other station.

The remedy for cross-modulation in the re-
ceiver is the same as for images and oscillator-
harmonic response—reduce the strength of the
amateur signal at the receiver by means of a line
filter.

The trouble is not always in the receiver, since
cross modulation can occur in any nearby rec-
tifying circuit — such as a poor contact in water
or steam piping, gutter pipes, and other conduc-
tors in the strong field of the transmitting an-
tenna — external to both receiver and trans-
mitter. Locating the cause may be difficult, and
is best attempted with a battery-operated port-
able broadcast receiver used as a “probe” to
find the spot where the interference is most in-
tense. When such a spot is located, inspection of
the metal structures in the vicinity should indi-
cate the cause. The remedy is to make a good
electrical bond between the two conductors hav-
ing the poor contact.

Audio-Circuit Rectification

The most frequent cause of interference from
operation at 21 Me. and higher frequencies is
rectification of a signal that by some means gets
into the audio system of the receiver. In the
milder cases an amplitude-modulated signal will
be heard with reasonably good quality, but is
not tunable — that is, it is present no matter
what the frequency to which the receiver dial is
set. An unmodulated carrier may have no observ-
able effect in such cases beyond causing a little
hum. However, if the signal is very strong there
will be a reduction of the audio output level of the
receiver whenever the carrier is thrown on. This
causes an annoying ‘‘jumping’ of the program
when the interfering signal is keyed. With phone
transmission the change in audio level is not
so objectionable because it occurs at less fre-
quent intervals. Rectification ordinarily gives no
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audio output from a frequency-modulated signal,
so the interference can be made almost unnotice-
able if f.m. or p.m. is used instead of a.m.
Ly
o Y Y M o

c2 |

A.C. C
LINE 1
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Y Y Y\ ’e}

TO SET

GND.

Fig. 23-1—"Brute-force” a.c. line filter for receivers.
The values of Ci, Co and C3 are not generally critical;
capacitances from 0.001 to 0.01 uf. can be used. L; and
Lz can be a 2-inch winding of No. 18 enameled wire on
a half-inch diameter form. In making up such a unit for
use external to the receiver, make sure that there dre no

exposed conductors to offer a shock hazard.

Interference of this type usually results from a
signal on the power line being coupled by some
means into the audio circuits, although the pick-
up also may occur on the set wiring itself. A
“brute-force’ line filter as described above may
or may not be completely effective, but in any
event is the simplest thing to try. If it does not do
the job, some modification of the receiver will be
necessary. This usually takes the form of a simple
filter connected in the grid circuit of the tube in
which the rectification is occurring. Usually it
will be the first audio amplifier, which in most
recelvers is a diode-triode type tube.

Filter circuits that have proved to be effective
are shown in Fig. 23-2. In A, the value of the grid
leak in the combined detector /first audio tube is
reduced to 2 to 3 megohms and the grid is by-
passed to chassis by a 250-uuf. mica or ceramic
capacitor. A somewhat similar method that does
not require changing the grid resistor is shown
at B. In C, a 75,000-ohm (value not critical)
resistor is econnected between the grid pin on the
tube socket and all other grid connections. In
combination with the input capacitance of the
tube this forms a low-pass filter to prevent r.f.
from reaching the grid. In some cases, simply
bypassing the heater of the detector/first audio
tube to chassis with a 0.001-uf. or larger capacitor
will suffice. In all cases, check to see that the a.c.
line is bypassed to chassis; if it is not, install by-
pass capacitors (0.001 to 0.01 pf.).

Handling BCI Cases
Assuming that your transmitter has been
checked and found to be free from spurious radia-
tions, get another amateur to operate your sta-
tion, if possible, while you make the actual check
on the interference yourself. The following pro-
cedure should be used.

DETECTOR~ Ist AUDIO DETECTOR— ist AUDIO

250uf,

BT A
CHASSIS

TO
CHASSIS

(A) (8)

RA4R
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Tune the receiver through the broadcast band,
to see whether the interference tunes like a regular
BC station. If so, image or oscillator-harmonic
response is the cause. If there is interference only
when a BC station is tuned in, but not bhetween
stations, the cause is cross modulation. If the
interference is heard at all settings of the tuning
dial, the trouble is pickup in the audio circuits.
In the latter case, the receiver’'s volume control
may or may not affect the strength of the inter-
ference, depending on the means by which your
signal is being rectified.

Having identified the cause, explain it to the
set owner. It is a good idea to have a line filter
with you, equipped with enough cord to replace
the set’s line cord, so it can be tried then and
there. If it does not eliminate the interference,
explain to the set owner that there is nothing
further that can be done without modifying the
receiver. Recommend that the work be done by
a competent service technician, and offer to ad-
vise the service man on the cause and remedy.
Don’t offer to work on the set yourself, but if
you are asked to do so use your own judgment
about complying; set owners sometimes complain
about the over-all performance of the receiver
afterward, often without justification. If you work
on it, take it to your station so the effect of the
changes you make can be observed, and return
the receiver promptly when you have finished.

. MISCELLANEOUS TYPES OF
INTERFERENCE

The operation of amateur phone transmitters
occasionally results in Interference on telephone
lines and in audio amplifiers used in public-ad-
dress work and for home music reproduction.
The cause is rectification of the signal in an audio
circuit.

Telephone Interference

Telephone interference can be cured by con-
necting a bypass capacitor (about 0.001 puf.)
across the mierophone unit in the telephone
handset. The telephone companies have eapaci-
tors for this purpose. When such a case occurs,
get in touch with the repair department of the
phone company, giving all the particulars. Do
not attempt to work on the telephone yourself.

Hi-Fi and P. A. Systems

In interference to public-address and ““hi-i”’
installations the principal sources of signal pick-up
are the a.c. line or a line from the power amplifier
to a speaker. All amplifier units should be bonded
together and connected to a good ground such as
a cold-water pipe. Make sure that the a.c. line is

DETECTOR—1st. AUDIO

Fig. 23-2—Methods of elimi-
nating r.f. from the grid of a
combined detector [first-avdio
stage. At A, the value of the
grid leak is reduced to 2 or
3 megohms, and a bypass ca-
pacitor is added. At B, both
grid and cathode are
bypassed.
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V.HF. Television

bypassed to chassis in each unit with capacitors
of about 0.01 pf. at the point where the line enters
the chassis. The speaker line similarly should be
bypassed to the amplifier chassis with about
0.001 wf.

If these measures do not suffice, the shielding
on the amplifiers may be inadequate. A shield

cover and bottom pan should be installed in such
cases.

The spot in the system where the rectification
is occurring often can be localized by seeing if the
interference is affected by the volume control
setting; if not, the cause is in a stage: following
the volume control.

Television Interference (see aiso Chap. 17)

Interference with the reception of television
signals usually presents a more difficult problem
than interference with a.m. broadeasting. In BCI
cases the interference almost always can be at-
tributed to deficient selectivity or spurious re-
sponses in the BC receiver. While similar defi-
ciencies exist in many television receivers, it is
also true that amateur transmitters generate
harmonics that fall inside many or all television

channels. These spurious radiations cause inter-
ference that ordinarily cannot be eliminated by
anything that may be done at the receiver, so
must be prevented at the transmitter itself.

The over-all situation is further complicated by
the fact that television broadcasting is in three
distinct bands, two in the v.h.f. region and one in
the u.h f.

V.HF. Television

Tor the amateur who does most of his trans-
mitting on frequencies below 30 Mec. the TV band
of principal interest is the low v.h.f. band between
54 and 88 Me. If harmonic radiation can be re-
duced to the point where no interference is caused
to Channels 2 to 6, inclusive, it is almost certain
that any harmonic troubles with channels above
174 Me. will disappear also.

The relationship between the v.h.f. television
channels and harmonics of amateur bands from
14 through 28 Me. is shown in Fig. 23-3. Har-
monics of the 7- and 3.5-Mec. bands are not
shown because they fall in every television chan-
nel. However, the harmonics above 54 Me. from
these bands are of such high order that they are
usually rather low in amplitude, although they
may be strong enough to interfere if the television
receiver is quite close to the amateur transmitter.
Low-order harmonics — up to
about the sixth — are usua ly

AMATEUR HARMONICS

nal on the channel or channels affected, and the
relationship between the frequeney of the spurious
radiation and the frequencies of the TV picture
and sound carriers within the channel. If the
TV signal is very strong, interference can be
eliminated by comparatively simple methods.
However, if the TV signal is very weak, as in
“fringe” areas where the received picture is
visibly degraded by the appearance of set noise or
“snow’ on the screen, it may be necessary to go
to extreme measures.

In either case the intensity of the interference
depends very greatly on the exact frequency of
the interfering signal. Fig. 23-4 shows the place-
ment of the picture and sound ecarriers in the
standard TV channel. In Channel 2, for example,
the picture carrier frequency is 54 + 1.25 =
55.25 Mec. and the sound carrier frequency is

AMATEUR HARMONICS
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the low-channel group (54 to 88 Mc.).

549



23 -BCI AND TVI1

PICTURE SOUND
cAngR CARRIER
0.25
2~ \Mc.
MILD
| ]
S 2]

MEGACYCLES FROM LOW EDGE OF TV CHANNEL

Fig. 23-4—Location of picture and sound carriers in a monochrome televisicn channel, and relative

intensity of interference as the location of the interfering signal within the channel is varied without

changing its strength. The three regions are not actually sharply defined as shown in this drawing,
but merge into one another gradually.

60 — 0.25 = 59.75 Me. The second harmonic of
28,010 ke. (56,020 ke. or 56.02 Me.) falls 56.02 —
54 = 2.02 Mec. above the low edge of the channel
and is in the region marked “Severe” in [Fig.
23-4. On the other hand, the second harmonic of
29,500 ke. (59,000 ke. or 59 Me.) is 59 — 54 =5
Me. from the low edge of the channel and falls in
the region marked ‘“Mild.” Interference at this
frequenecy has to be about 100 times as strong as
at 56,020 ke. to cause effects of equal intensity.
Thus an operating frequency that puts a harmonie
near the picture carrier requires about 40 db.
more harmonic suppression in order to avoid
interference, as compared with an operating
frequency that puts the harmonic near the upper
edge of the channel.

For a region of 100 ke. or so either side of the
sound carrier there is another “Severe” region
where a spurious radiation will interfere with re-
ception of the sound program, and this region
also should be avoided. In general, a signal of
intensity equal to that of the picture carrier will
not cause noticeable interference if its frequency
is in the “Mild” region shown in Fig. 23-4, but
the same intensity in the “Severe” region will
utterly destroy the picture.

Interference Patterns

The visible effects of interference vary with the
type and intensity of the interference. Complete
“blackout,” where the picture and sound dis-
appear completely, leaving the screen dark,
occurs only when the transmitter and receiver
are quite close together. Strong interference or-
dinarily causes the picture to be broken up, leav-
ing a jumble of light and dark lines, or turns the
picture “negative” — the normally white parts
of the picture turn black and the normally black

Fig. 23-5—"Cross-hatching,” caused by the beat be-
tween the picture carrier and an interfering signal inside
the TV channel.
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parts turn white. “Cross-hatching” — diagonal
bars or lines in the picture — acecompanies the
latter, usually, and algo represents the most com-
mon type of less-severe interference. The bars
are the result of the beat between the harmonie
frequency and the picture carrier frequency.
They are broad and relatively few in number if
the beat frequency is comparatively low — near
the picture carrier — and are numerous and very
fine if the beat frequency is very high — toward
the upper end of the channel. Typical cross-
hatehing is shown in Fig. 23-5. If the frequency
falls in the “Mild” region in Tig. 23-4 the cross-
hatching may be so fine as to be visible only on
close inspection of the picture, in which case it
may simply cause the apparent brightness of the
screen to change when the transmitter carrier is
thrown on and off.

Whether or not cross-hatching is visible, an
amplitude-modulated  transmitter cause

may

Fig. 23-6—"Sound bars" or ''modulation bars" accom-

panying amplitude modulation of an interfering signal.

In this case the interfering carrier is strong enough to

destroy the picture, but in mild cases the picture is visible

through the horizontal bars. Sound bars may accompany

modulation even though the unmodulated carrier gives
no visible cross-hatching.

“sound bars” in the picture. These look about as
shown in Fig. 23-6. They result from the varia-
tions in the intensity of the interfering signal
when modulated. Under most circumstances
modulation bars will not occur if the amateur
transmitter is frequency- or phase-modulated.
With these types of modulation the cross-hateh-
ing will “wiggle” from side to side with the
modulation.

Except in the more severe cases, there is seldom
any effect on the sound reception when inter-
ference shows in the picture, unless the frequency
is quite close to the sound carrier. In the latter
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event the sound may be interfered with even
though the picture is clean.

Reference to Fig. 23-3 will show whether or not
harmonies of the frequency in use will fall in any
television channels that can be reccived in the
locality. It should be kept in mind that not only
harmonics of the final frequency may interfere,
but also harmonics of any frequencies that may
be present in buffer or frequency-multiplier
stages. In the case of 144-Me. transmitters, fre-
quency-multiplying combinations that require a
doubler or tripler stage to operate on a frequency
actually in a low-band v.h.f. channel in use in the
locality should be avoided.

Harmonic Suppression

LEffeetive harmonice suppression has three sepa-
rate phases:

1) Reducing the amplitude of harmonics
generated in the transmitter. Tliis is a matter
ol eircuit design and operating conditions.

2) Preventing stray radiation from the
transmitter and from associated wiring. This
requires adequate shielding and filtering of all
circuits and leads from which radiation can
take place.

3) Preventing harmonies from being fed
into the antennsa.

It is impossible to build a transmitter that will
not generate some harmonies, but it is obviously
advantageous to reduce their strength, by cir-
cuit design and choice of operating conditions,
by as large a factor as possible before attempt-
ing to prevent them from being radiated.
IHarmonie radiation from the transmitter itself or
from its associated wiring obviously will cause
interference just as readily as radiation from the
antenna, so measures taken to prevent harmon-
ics from reaching the antenna will not reduce
TV if the transmitter itself is radiating harmon-
ics. But once it has been found that the trans-
mitter itself is free from harmonic radiation,
devices for preventing harmonies from reaching
the antenna can be expected to produce results.

@ REDUCING HARMONIC
GENERATION

Since reasonably  efficient operation of r.f.
power amplifiers always is accompanied by har-
monic generation, good judgment calls for oper-
ating all frequency-multiplier stages at a very low
power level — plate voltages not exceeding 250
or 300. When the final output frequency is
reached, it is desirable to use as few stages as
possible in building up to the final output power
level, and to use tubes that require a minimum
of driving power.

Circuit Design and Layout

IHarmonic currents of considerable amplitude
flow in both the grid and plate circuits of r.f.
power amplifiers, but they will do relatively little
harm if they can be effectively bypassed to the
cathode of the tube. Fig. 23-7 shows the paths
followed by harmonic currents in an amplifier

cireuit; because of the high reactance of the tank
coil there is little harmonic current in it, so the
harmonic currents simply flow through the tank
capacitor, the plate (or grid) blocking capacitor,
and the tube capacitances. The lengths of the
leads forming these paths is of great importance,
gince the inductance in this circuit will resonate
with the tube capacitance at some frequency in
the v.h.f. range (the tank and blocking capaci-
tances usually are so large compared with the
tube capacitance that they have little effect on
the resonant frequency). If such a resonance
happens to occur at or near the same frequency as
one of the transmitter harmonics, the effect is
just the same as though a harmonic tank cireuit
had been deliberately introduced; the harmonic at
that frequency will be tremendously increased in
amplitude.

Fig. 23-7—A v.h.f. resonant circvit is formed by the tube

capacitance and the leads through the tank and blocking

capacitors. Regular tank coils are not shown, since they

have little effect on such resonances. C; is the grid tuning

capacitor and Cz is the plate tuning capacitor. Cz and Ci

are the grid and plate blocking or bypass capacitors,
respectively.

Such resonances are unavoidable, but by keep-
ing the path from plate to cathode and from grid
to cathode as short as is physically possible, the
resonant frequency usually can be raised above
100 Me. in amplifiers of medium power. This puts
it between the two groups of television channels.

It is easier to place grid-circuit v.h.f. resonances
where they will do no harm when the amplifier is
link-coupled to the driver stage, since this gen-
erally permits shorter leads and more favorable
conditions for bypassing the harmonics than is
the case with capacitive coupling. Link coupling
also reduces the coupling between the driver and
amplifier at harmonic frequencies, thus prevent-
ing driver harmonics from being amplified.

The inductance of leads from the tube to the
tank eapacitor can be reduced not only by short-
ening but by using flat strip instead of wire con-
ductors. It is also better to use the chassis as the
return from the blocking capacitor or tuned cir-
cuit to cathode, since a chassis path will have
less inductance than almost any other form of
connection.

The v.h.f. resonance points in amplifier tank
cireuits can be found by coupling a grid-dip meter
covering the 50-250 Me. range to the grid and
plate leads. If a resonance is found in or near a
TV channel, methods such as those described
above should be used to move it well out of the
TV range. The grid-dip meter also should be used
to check for v.h.f. resonances in the tank coils,
because coils made for 14 Mec. and below usually
will show such resonances. In making the check,
disconnect the coil entirely from the transmitter
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and move the grid-dip meter coil along it while
exploring for a dip in the 54-88 Mec. band. If a
resonance falls in a TV channel that is in use in
the locality, changing the number of turns will
move it to a less-troublesome frequency.

Operating Conditions

Grid bias and grid current have an important
effect on the harmonic content of the r.f. currents
in both the grid and plate circuits. In general,
harmonic output increases as the grid bias and
grid current are increased, but this is not neces-
sarily true of a particular harmonic. The third
and higher harmoniecs, especially, will go through
fluctuations in amplitude as the grid current is
increased, and sometimes a rather high value of
grid current will minimize one harmonic as com-
pared with a low value. This characteristic can
he used to advantage where a particular harmonic
is causing interference, remembering that the
operating conditions that minimize one harmonic
may greatly increase another.

For equal operating conditions, there is little
or no difference between single-ended and push-
pull amplifiers in respeet to harmonic generation.
Push-pull amplifiers are frequently trouble-mak-
ers on even harmonies because with such ampli-
fiers the even-harmonie voltages are in phase at
the ends of the tank ecircuit and hence appear
with equal amplitude across the whole tank coil,
if the center of the coil is not grounded. Under
such circumstances the even harmonics can be
zoupled to the output circuit through stray capac-
tance between the tank and coupling coils. This
does not occur in a single-ended amplifier having
an inductively coupled tank, if the coupling coil is
placed at the cold end, or with a pi-network tank.

Harmonic Traps

If a harmonic in only one TV channel is par-
ticularly bothersome — frequently the case when
the transmitter operates on 28 Me. —a trap
tuned to the harmonic frequency may be in-
stalled in the plate lead as shown in Fig. 23-8.
At the harmonic frequency the trap represents
a very high impedance and hence reduces the
amplitude of the harmonic current flowing
through the tank circuit. In the push-pull circuit
both traps have the same constants. The L/C
ratio is not eritical but a high-C circuit usually
will have least effect on the performance of the
plate eircuit at the normal operating frequency:.

Since there is a considerable harmonic voltage
across the trap, radiation may occur from the
trap unless the transmitter is well shielded. Traps
should be placed so that there is no coupling
between them and the amplifier tank eircuit.

A trap is a highly selective device and so is
useful only over a small range of frequencies. A
second- or third-harmonic trap on a 28-Mec. tank
cirecuit usually will not be effective over more
than 50 ke. or so at the fundamental frequency,
depending on how serious the interference is with-
out the trap. Because they are critical of adjust-
ment, it is better to prevent TVI by other means,
if possible, and use traps only as a last resort.
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Fig. 23-8—Harmonic traps in an amplifier plate circuit.
L and C should rescnate at the frequency of the harmonic
to be suppressed. C may be a 25- to 50-uuf. midget,
and L usually consists of 3 to 6 turns about Y2 inch in
diameter for Channels 2 through 6. The inductance
should be adjusted so that the trap resonates at about
half capacitance of C before being installed in the trans-
mitter. The frequency may be checked with a grid-dip
meter. When in place, the trap should be adjusted for
minimum interference to the TV picture.

@ PREVENTING RADIATION FROM
THE TRANSMITTER

The extent to which interference will be eaused
by direct radiation of spurious signals depends on
the operating frequency, the transmitter power
level, the strength of the television signal, and the
distance between the transmitter and TV re-
ceiver, Transmitter radiation can be a very seri-
ous problem if the TV signal is wealk, if the TV
receiver and amateur transmitter are close to-
gether, and if the transmitter is operated with
high power.

Shielding

Direct radiation from the transmitter circuits
and components can be prevented by proper
shielding. To be effective, a shicld must com-
pletely enclose the circuits and parts and must
have no openings that will permit r.f. energy to
escape. Unlortunately, ordinary metal boxes and
:abinets do not provide good shiclding, since such
openings as louvers, lids, and holes for running
in connections allow far too much leakage.

A primary requisite for good shielding is that
all joints must make a good electrical connection
along their entire length. A small slit or crack
will let out a surprising amount of r.f. energy; so
will ventilating louvers and large holes such as
those used for mounting meters. On the other
hand, small holes do not impair the shielding
very greatly, and a limited number of ventilating
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holes may be used if they are small — not over
14 inch in diameter. Also, wire screen makes quite
effective shielding if the wires make good electrical
connection at each crossover. Perforated alumi-
num such as the “do-it-yvourself” sold at hard-
ware stores also is good, although not very
strong mechanically. If perforated material is
used, choose the wvariety with the smallest
openings. The leakage through large openings
can be very much reduced by covering such
openings with screening or perforated aluminum,
well bonded to all edges of the opening,

The intensity of r.f. fields about coils, capaci-
tors, tubes and wiring decreases very rapidly with
distance, so shielding is more effective, from a
practical standpoint, if the components and wir-
ing are not too close to it. It is advisable to have a
separation of several inches, if possible, between
“hot’ pointsin the eircuit and the nearest shield-
ing.

For a given thickness of metal, the greater the
conductivity the better the shielding. Copper is
best, with aluminum, brass and steel following in
that order. However, if the thickness is adequate
for structural purposes (over 0.02 inch) and the
shield and a “hot” point in the circuit are not in
close proximity, any of these metals will be satis-
factory. Greater separation should be used with
steel shielding than with the other materials not
only because it is considerably poorer as a shicld
but also because it will cause greater losses in
near-by circuits than would copper or aluminum
at the same distance. Wire screen or perforated
metal used as a shield should also be kept at
some distance from high-voltage or high-current
r.f. points, since there is considerably more
leakage through the mesh than through solid
metal.

Where two pieces of metal join, as in forming a
corner, they should overlap at least a half inch
and be fastened together firmly with screws or
bolts spaced at close-enough intervals to main-
tain firm contact all along the joint. The contact
surfaces should be clean before joining, and
should be checked occasionally — especially steel,
which is almost certain to rust after a period of
time.

The leakage through a given size of aperture in
shiclding increases with frequency, so such points
as good continuous contact, screening of large
holes, and so on, become even more important
when the radiation to be suppressed is in the
high band — 174-216 Me. Hence 50- and 144-
Me. transmitters, which in general will have
frequency-multiplier harmonics of relatively
high intensity in this region, require special
attention in this respect if the possibility of in-
terfering with a channel received locally exists.

Lead Treatment

Even very good shielding can be made com-
pletely useless when connections are run to exter-
nal power supplies and other equipment from
the circuits inside the shield. Iivery such condue-
tor leaving the shielding forms a path for the
escape of r.f., which is then radiated by the con-

necting wires. Hence a step that is essential in
every case is to prevent harmonic currents from
flowing on the leads leaving the shielded en-
closure.

IHarmonic currents always flow on the d.c. or
a.c. lends connecting to the tube circuits. A very
effective means of preventing such currents from
being coupled into other wiring, and one that
provides desirable bypassing as well, is to use
shielded wire for all such leads, maintaining the
shielding from the point where the lead connects
to the tube or r.f. circuit right through to the
point where it leaves the chassis. The shield braid
should be grounded to the chassis at both ends
and at frequent intervals along the path.

Good bypassing of shiclded leads also is cssen-
tial. Bearing in mind that the shield braid about
the conductor confines the harmonie currents to
the inside of the shiclded wire, the object of by-
passing is to prevent their escape. Figs. 23-9 and
23-10 show the proper way to bypass. The small-
type 0.001-uf. ceramic disk eapacitor, when
mounted on the end of the shiclded wire ag shown
in Fig. 23-9, actually forms a series-resonant
circuit in the 54-88-Me. range and thus repre-
sents practically a short-circuit for low-band TV
harmonics. The exposed wire to the connection
terminal should be kept as short as is physically
possible, to prevent any possible harmonic pick-
up exterior to the shielded wiring. Disk ecapaci-
tors of this capacitance are available in several
voltage ratings up to 3000 volts. IFor higher
voltages, the maximum capacitance available is
approximately 500 puf., which is large enough
for good bypassing of harmonics. Alternatively,
mica capacitors may be used as shown in Fig.
23-10, mounting the capacitor flat against the
chussis and grounding the end ol the shield braid
directly to chassis, keeping the exposed part as
short as possible. Either 0.001-pf. or 470-uuf.
(500 wuf.) capacitors should be used. The larger
capacitance is series-resonant in Channel 2 and
the smaller in Channel 6.

e

Fig. 23-9—Proper method of bypassing the end of a

shielded lead using disk ceramic capacitor. The 0.001-

uf. size should be used for 1600 volts or less; 500 puf. at

higher voliages. The leads are wrapped around the

inner and outer conduciors and soldered, so that the lead

length is negligible. This photograph is about four times
actual size.
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Fig. 23-10—Bypassing with a mica capacitor the end
of a high-voltage lead. The end of the shield braid is
soldered to a lug fastened to the chassis directly under-
neath. The other terminal of the capacitor is similarly
bolted directly to the chassis. When the bypass is used
at a terminal connection block the "hot" lead should be
soldered directly to the terminal, if possible, but in any
event connected to it by a very short lead.

These bypasses are essential at the connection-
block terminals, and desirable at the tube ends
of the leads also. Installed as shown with shiclded
wiring, they have been found to be so effective
that there is usually no need for further harmonic
filtering. However, if a test shows that additional
filtering is required, the arrangement shown in
Fig. 23-11 may be used. Such an r.f. filter should
be installed at the tube end of the shielded lead,
and if more than one circuit is filtered care should
be taken to keep the r.f. chokes separated from
cach other and so oriented as to minimize coupling
between them. This is necessary for preventing
harmonies present in one circuit from being
coupled into another.

In difficult cases involving Channels 7 to 13 —
i.e., close proximity between the transmitter and
receiver, and a weak TV signal — additional lead-
filtering measures may be needed to prevent
radiation of interfering signals by 50-and 144-Me.
transmitters. A recommended method is shown
in Fig. 23-12. It uses a shielded lead bypassed
with a ceramiec disk as described above, with the
addition of a low-inductance feed-through type
capacitor and a small r.f. choke, the capacitor
being used as a terminal for the external connec-
tion. For voltages above 400, a ecapacitor of
compact construction (as indicated in the cap-
tion) should be used, mounted so that there is a
very minimum of exposed lead, inside the chassis,
from the eapacitor to the connection terminal.

As an alternative to the series-resonant by-
passing described above, [ced-through type capac-
itors such as the Sprague ‘“Hypass” type may

SHIELDED LEAD
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be used as terminals for external connections.
The ideal method of installation is to mount them
so they protrude through the chassis, with thor-
ough bonding to the chassis all around the hole in
which the eapacitor is mounted. The principle is
illustrated in TFig. 23-13.

Meters that are mounted in an r.f. unit should
be enclosed in shielding covers, the connections
being made with shiclded wire with cach lead
bypassed as described above. The shield braid
should be grounded to the pancl or chassis im-
mediately outside the meter shicld, as indieated
in Fig. 23-14. A bypass may also be connected
across the meter terminals, principally to prevent
any fundamental current that may be present
from flowing through the meteritselfl. As an alter-
native to individual meter shiclding the meters
may be mounted entirely behind the panel, and
the panel holes needed for observation may be
covered with wire screen that is carefully bonded
to the panel all around the hole.

Care should be used in the selection of shielded
wire for transmitter use. Not only should the in-
sulation be conservatively rated for the d.c. volt-

1
i
i | cHassis
7

RFC

Fig. 23-12—Additional lead filtering for harmonics or
other spurious frequencies in the high v.h.f. TV band
(174-216 Mc.).

C1—0.001-uf. disk ceramic.

C2—0.001-uf. feed-through bypass (Erie Style 326).
(For 500-2000-volt lead, substitute Plasticon
Glass mike, LSG-251, for Cs.)

RFC—14 inches No. 26 enamel close-wound on ¥¢-inch
diam. form or resistor.

age in use, but the insulation should be of ma-
terial that will not casily deteriorate in soldering,.
The r.[. characteristics of the wire are not espe-
cially important, except that the attenuation of
harmoniecs in the wire itself will be greater if the

Fig. 23-11—Additional r.f. filtering of sup-
ply leads may be required in regions where

BYPASS

FOR
CIRCUIT
~

AN

VERY SHORT
LEAD
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the TV signal is very weak. The r.f. choke
should be physically small, and may consist
of a 1-inch winding of No. 26 enameled wire
on a Ya-inch form, close-wound. Manufac-
tured single-layer chokes having an induct-
ance of a few microhenrys also may be used.
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Fig. 23-13—The best method of using the "Hypass™

type feed-through capacitor. Capacitances of 0.01 to

0.1 uf. are satisfactory. Capacitors of this type are useful!

for high-current circuits, such as filament and 115-vclt

leads, as a substitute for the r.f. chcke shown in Fig. 23-11,
in cases where additional lead filiering is needed.

insulating material has high losses at radio fre-
quencies: in other words, wire intended for use at
d.c. and low [requencies is preferable to cables
designed expressly for carrying r.f. The attenua-
tion also will increase with the length of the wire;
in general, it is better to make the leads as long as
circumstances permit rather than to follow the
more usual practice of using no more lead than is
actually necessary. Where wires cross or run
parallel, the shields should be spot-soldered
together and connected to the chassis. For high
voltages, automobile ignition cable covered with
shielding braid is recommended.

Proper shiclding of the transmitter requires
that the r.f. circuits be shielded entirely from the
external conuecting leads. A situation such as is
shown in Tig. 23-15, where the leads in the r.f.
chassis have been shielded and properly filtered
but the chassis is mounted in a large shield, simply
invites the harmonie currents to travel over the
chassis and on out over the leads outside the
chassis, The shielding about the r.f. circuits
should make complete contact with the chassis

_______________ -
1

Shield around
[ meter

)

it
i

0.00/ 0/‘56
ceramic
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Bond to panel or meter
shield here

Fig. 23-14—Meter shielding and bypassing. It is essential

to shield the meter mounting hole since the meter will

carry r.f. through it to be radiated. Suitable shields can

be made from 2Y2- or 3-inch diameter metal cans or
small metal chassis boxes,

on which the parts are mounted,

Checking Transmitter Radiation

A check for transmitter radiation always should
be made before attempting to use low-pass filters
or other devices for preventing harmonies from
reaching the antenna system. The only really
satisfactory indicating instrument is a television
receiver. In regions where the TV signal is strong
an indicating wavemeter such as one having a
crystal or tube detector may be useful; if it is pos-
sible to get any indication at all from harmonics
either on supply leads or around the transmitter
itself, the harmonics are probably strong enough
to cause interference. However, the absence of
any such indication does not mean that harmonie
interferenee will not be caused. If the techniques
of shielding and lead filtering deseribed in the
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Shieldéd lead

Fig. 23-15—A metal cabinet can be an adequate shield,
but there will still be radiation if the leads inside can
pick up r.f. from the transmitting circuits.

preceding section are followed, the harmonic in-
tensity on any external leads should be far below
what any such instruments can detect.
Radiation checks should be made with the
transmitter delivering full power into a dummy
antenna, such as an incandescent lamp of suitable
power rating, preferably installed inside the
shielded enclosure. If the dummy must be ex-
ternal, it is desirable to connect it through a coax-
matching circuit such as is shown in Fig. 23-16.
Shielding the dummy antenna eircuit is also de-
sirable, although it is not always necessary.
Make the radiation test on all frequencies that
are to be used in transmitting, and note whether
or not interference patterns show in the received
picture. (These tests must be made while a TV
signal is being received, since the beat patterns
will not be formed if the TV picture carrier is not
present.) If interference exists, its source can be
detected by grasping the various external leads
(by the insulation, not the live wire!) or bringing
the hand near meter faces, louvers, and other pos-
sible points where harmonic energy might escape
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Fig. 23-16—Dummy-antenna circuit for checking har-
monic radiation from the transmitter and leads. The
matching circuit helps prevent harmonics in the output
of the transmitter from flowing back over the transmitter
itself, which may occur if the lamp load is simply con-
nected fo the output coil of the final amplifier. See trans-
mission-line chapter for details of the matching circuit.
Tuning must be adjusted by cut-and-try, as the bridge
method described in the transmission-line chapter will
not work with lamp loads because of the change in re-
sistance when the lamps are hot.

LAMP

-

from the transmitter. If any of these tests cause a
change — not necessarily an increase —in the
intensity of the interference, the presence of har-
monics at that point is indicated. The location
of such “hot” spots usually will point the way
to the remedy. If the TV receiver and the trans-
mitter can be operated side-by-side, a length of
wire connected to one antenna terminal on the
receiver can be used as a probe to go over the
transmitter enclosure and external leads. This de-
vice will very quickly expose the spots from
which serious leakage is taking place.

As a final test, connect the transmitting an-
tenna or its transmission line terminals to the
outside of the transmitter shielding. Interference
created when this test is applied indicates that
weal currents are on the outside of the shield and
can be conducted to the antenna when the nor-
mal antenna connections are used. Currents of
this nature represent interference that can be
conducted over low-pass filters, ete., and which
therefore cannot be eliminated by such filters.

° PREVENTING HARMONICS FROM
REACHING THE ANTENNA

The third and last step in reducing harmonic
TVI is to keep the spurious energy generated in
or passed through the final stage from traveling
over the transmission line to the antenna. It is
seldom worthwhile even to attempt this until the
radiation from the transmitter and its connecting
leads has been reduced to the point where, with
the transmitter delivering full power into a
dummy antenna, it has been determined by ac-
tual testing with a television receiver that the
radiation is below the level that can cause inter-
ference. If the dummy antenna test shows enough
radiation to be seen in a TV picture, it is a practi-
cal certainty that harmonics will be coupled to
the antenna system no matter what preventive
measures are taken.

In inductively coupled output systems, some
harmonic energy will be transferred from the final
amplifier through the mutual inductance between
the tank coil and the output coupling coil. Har-
monics of the output frequency transferred in
this way can be greatly reduced by providing
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sufficient selectivity between the final tank and
the transmission line. A good deal of selectiv-
ity, amounting to 20 to 30 db. reduction of the
second harmonic and much higher reduction of
higher-order harmoniecs, is furnished by a match-
ing circuit of the type shown in Fig. 23-16 and
described in the chapter on transmission lines.
An “antenna coupler’ is therefore a worthwhile
addition to the transmitter.

In 50- and 144-Me. transmitters, particularly,.
harmonics not directly associated with the output
frequency — such as those generated in low-fre-
quency early stages of the transmitter — may get
coupled to the antenna by stray means. For ex-
ample, a 144-Mec. transmitter might have an
oscillator or frequency multiplier at 48 Mec.,
followed by a tripler to 144 Me. Some of the
48-Me. energy will appear in the plate circuit of
the tripler, and if passed on to the grid of the
final amplifier will appear as a 48-Mec. modulation
on the 144-Me. signal. This will cause a spuricus
signal at 192 Me., which is in the high TV band,
and the selectivity of the tank circuits may not be
sufficient to prevent its being coupled to the
antenna. Spurious signals of this type can be re-
duced by using link coupling between the driver
stage and final amplifier (and between earlier
stages as well) in addition to the suppression
afforded by using an antenna coupler.

Capacitive Coupling

The upper drawing in Fig. 23-17 shows a
parallel-conductor link as it might be used to
couple into a parallel-conductor line through a
matehing circuit. Inasmuch as a coil is a sizable
metallic object, there is capacitance between
the final tank coil and its associated link coil,
and between the matching-circuit coil and its
link. Energy coupled through these capacitances
travels over the link circuit and the transmission
line as though these were merely single conduc-
tors. The tuned circuits simply act as masses of
metal and offer no selectivity at all for capaci-
tively-coupled energy. Although the actual
capacitances are small, they offer a good coupling
medium for frequencies in the v.h.f. range.

Capacitive coupling can be reduced by coupling

LINK
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Fig. 23-17—The stray capacitive coupling between coils
in the upper circuit leads to the equivalent circuit shown
below, for v.h.f. harmonics.
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Fig. 23-18—Methods of coupling and -z'-

grounding link circvits to reduce ca-

pacitive coupling between the tank

and link coils. Where the link is wound

over one end of the tank coil the side

toward the hot end of the tank should
be grounded, as shown at B.

Z;

(a)

to a ““cold’ point on the tank coil — the end con-
nected to ground or cathode in a single-ended
stage. In push-pull circuits having a split-stator
capacitor with the rotor grounded for r.f., all parts
of the tank coil are “hot” at even harmonics, but
the center of the coilis ““cold”” at the fundamental
and odd harmonics. If the center of the tank coil,
rather than the rotor of the tank capacitor, is
grounded through a bypass capacitor the center
of the coil is “cold” at all frequencies, but this
arrangement is not very desirable because it
causes the harmonic currents to flow through the
coil rather than the tank capacitor and this in-
creases the harmonic transfer by pure inductive
coupling.

With either single-ended or balanced tank cir-
cuits the coupling coil should be grounded to the
chassis by a short, direct connection as shown in
Fig. 23-18. If the coil feeds a balanced line or link,
it is preferable to ground its center, but if it feeds
a coax line or link one side may be grounded.
Coaxial output is much preferable to balanced
output, because the harmonics have to stay
wnside a properly installed coax system and tend
to be attenuated by the cable before reaching the
antenna coupler.

At high frequencies — and possibly as low as 14
Mec. — capacitive coupling can be greatly reduced
by using a shielded coupling coil as shown in Fig,.
23-19. The inner conductor of a length of coaxial
cable is used to form a one-turn coupling coil. The
outer conductor serves as an open-circuited shield
around the turn, the shield being grounded to
the chassis. The shielding has no effect on the
inductive coupling. Because this construction is
suitable only for one turn, the coil is not well
adapted for use on the lower frequencies where
many turns are required for good coupling.
Shielded coupling coils having a larger number
of turns are available commercially. A shielded
coil is particularly useful with push-pull ampli-
fiers when the suppression of even harmonics is
important.

A shielded coupling coil or coaxial output will
not prevent stray capacitive coupling to the an-
tenna if harmonic currents can flow over the
outside of the coax line. In Fig. 23-20, the arrange-
ment at either A or C will allow r.f. to flow over
the outside of the cable to the antenna svstem.
The proper way to use coaxial cable is to shield
the transmitter completely, as shown at B, and
make sure that the outer conductor of the cable is
a continuation of the transmitter shielding. This
prevents r.f. inside the transmitter from getting
out by any path execept the inside of the cable.
Harmonics flowing through a coax line can be
stopped from reaching the antenna system by an

5
L]
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NO CONNECTION
HERE

=
INNER CONDUCTOR
SOLDERED TO CABLE SHIELD

Fig. 23-19—Shielded coupling coil constructed from

coaxial cable. The smaller sizes of cable such as RG-59 /U

are most convenient when the coil diameter is 3 inches or

less, because of greater flexibility. For larger coils
RG-8/U or RG-11/U can be used.

®)

Coax Line

©

Coax Line

Fig. 23-20—Right (B) and wrong (A and C) ways to

connect a coaxial line to the transmitter. In A or C, har-

monic energy coupled by stray capacitance fo the out-

side of the cable will flow without hindrance to the an-

tenna system. In B the energy cannot leave the shield and
can flow out only through, not over, the cable.
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antenna coupler or by a low-pass filter installed
in the line.

Low-Pass Filters

A low-pass filter properly installed in a coaxial
line, feeding either a matching circuit (antenna
coupler) or feeding the antenna directly, will pro-
vide very great attenuation of harmonics. When
the main transmission line is of the parallel-con-
ductor type, the coax-coupled matching-circuit
arrangement is highly recommended as a means
for using a coax low-pass filter.

A properly designed low-pass filter will not
introduce appreciable power loss at the funda-
mental frequeney if the coaxial line in which it is
inserted is terminated so that the s.w.r. is low.
(The s.w.r. can easily be measured by means of a
simple bridge as described in the chapters on
measurements and transmission lines.) Such a
filter has the property of passing without loss all
frequencies below its ‘“‘cut-off” frequency, but
simultaneously has large attenuation for all fre-
quencies above the cut-off frequency.

Low-pass filters of simple and inexpensive con-
struction for use with transmitters operating be-
low 30 Mec. are shown in Figs. 23-21 and 23-23.
The former is designed to use mica capacitors
of readily available capacitance values, for com-
pactness and Jjow cost. Both use the same cir-
cuit, Fig. 23-22, the only difference being in the
L and C values. Technically, they are three-sec-
tion filters having two full constant-k sections
and two m-derived terminating half-sections,
and their attenuation in the 54-88-Mec. range
varies from over 50 to nearly 70 db., depending
on the frequency and the particular set of values
used. Above 174 Mec. the theoretical attenuation
is better than 85 db., but will depend somewhat

Fig. 23-21—An inexpensive low-pass filter using silver-
mica postage-stamp capacitors. The box is a 2 by 4 by 6
aluminum chassis. Aluminum shields, bent and folded at
the sides and bottom for fastening to the chassis, form
shizlds between the filter secticns. The diagonal arrange-
ment of the shields provides exira room for the coils and
makes it easier to fit the shields in the box, since bending
to exact dimensions is not essential. The bottom plate,
made from sheet aluminum, extends a half inch beyond
the ends of the chassis and is provided with mounting
holes in the extensions. It is held on the chassis with sheet-
metal screws,
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Fig. 23-22—Low-pass filter circuit for attenuating har-

monics in the TV bands. J1 and J2 are chassis-type coaxial

connectors. In the table below the letters refer to the
following:

A—Using 100- and 70-uuf. 500-volt silver mica capaci-
tors in parallel for Cz and Ca.

B—Using 70- and 50-uuf. silver mica capacitors in
parallel for C2 and Cs.

C—Using 100- and 50-uuf. mica capacitors, 1200-volt
(case-style CM-45) in parallel for C2 and Cs.

D and E—Using variable air capacitors, 500- to 1000-
volt rating, adjusted to values given (see measure-
ments chapter for data on measuring capacitance).

A B C D E
Zo 82 75 52 52 75 ohms
fe 36 35.5 | 41 40 40 Mec.

feo 44.4 | 47 54 50 50 Mc.
1 25.5 28.3 | 28.3 | Mc.
36.1

25.2 | 29

fa 32.5 | 31.8 36.1 | Mc.

C, G| 50 40 50 46 32 uuf.

©s, Cs| 170 150 | 154 | 106 | put.
Ll | 5% | 6 | 4 | 5 6% | turns*
L,ls | 8 | 110 | 7 7 9% | turns*
Ls Q? 13 a 8 N 8% | 112 | turns™

*No. 12 or No. 14 wire, Va-inch inside diameter, 8
turns per inch.

L A 9-turn coil with closer turn spacing to give the same
inductance is shown in Fig. 23-21.

on internal resonant conditions associated princi-
pally with the lead lengths to the capacitors.
These leads should be kept as short as is physi-
cally possible.

The power that filters using mica capacitors
can handle safely is determined by the voltage
and current limitations of the capacitors. The
power capacity is least at the highest frequency.
The unit using postage-stamp silver mica capaci-
tors is capable of handling approximately 50 watts
in the 28-Me. band, when working into a prop-
erly-matched line, but is good for about 150 watts
at 21 Mec. and 300 watts at 14 Mec. and lower fre-
quencies. A filter with larger mica capacitors (case
type CM-45) will carry about 250 watts safely at
28 Me., this rating increasing to 500 watts at 21
Me. and a kilowatt at 14 Me. and lower. If there
is an appreciable mismatch between the filter and
the line into which it works, these ratings will be
considerably decreased, so in order to avoid capac-
itor failure it is highly essential that the line on
the output side of the filter be carefully matched
by its load. This can be done with an s.w.r. bridge,
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Fig. 23-23—Low-pass filter using variable air capacitors.

The box is a 2 by 5 by 7 aluminum chassis, fitted with a

bottom plate of similar construction to the one used in Fig.
23-21.

and the matching is easy to control if the line
from the filter terminates in a matching circuit
of the type described in the chapter on transmis-
sion lines.

The power capacity of these filters can be in-
creased considerably by substituting r.f. type
fixed capacitors (such as the Centralab 850 series)
or variable air capacitors, in which event the
power capability will be such as to handle the
maximum amateur power on any band. The con-
struction can be modified to accommodate vari-
able air eapacitors as shown in Fig. 23-23.

Using fixed capacitors of standard tolerances,
there should be little difficulty in getting proper
filter operation. A grid-dip meter with an accurate
calibration should be used for adjustment of the
coils. First, wire up the filter without Ls and La.
Short-circuit J1 at its inside end with a screw-
driver or similar conductor, couple the grid-dip
meter to L1 and adjust the inductance of L1, by
varying the turn spacing,
until the circuit resonates at
fo as given in the table. Do
the same thing at the other
end of the filter with Ls.
Then couple the meter to the
circuit formed by Lz, Cs and
('3, and adjust L3 to resonate
at the frequency fi as given
by the table. Then remove Ls.

Fig. 23-24 — Low-pass filter fo
use with 50-Mc. transmitters and
52-ohm line. It uses variable air
capacitors adjusted to the proper
capacitance values and is svited to
powers up to a kilowatt.

install Lo and L4 and adjust Ls to make the cir-
cuit formed by Li, Lg, Ci and Cg (without the
short across J;) resonate at fa as given in the
table. Do the same with Ly for the circuit formed
by L4, Ls, C5 and C4. Then replace Lj and check
with the grid-dip meter at any coil in the filter;
a distinet resonance should be found at or very
close to the cut-off frequency, f.. The filter is then
ready for use.

The filter constants suggested at D and E in
TFig. 23-22 are based on the optimum design for
good impedance characteristics — that is, with
m = 0.6 in the end sections — and a cut-off fre-
quency below the standard i.f. for television re-
ceivers (sound carrier at 41.25 Mec.; picture car-
rier at 45.75 Me.). This is to avoid possible har-
monic interference from 21 Me. and below to the
receiver’s intermediate amplifier. The other de-
signs similarly cut off at 41 Me. or below, but m
in these cases is necessarily based on the capac-
itances available in standard fixed capacitors.

Filters for 50- and 144-Mc. Transmitters

Since a low-pass filter must have a cut-off fre-
quency above the frequency on which the trans-
mitter operates, a filter for a v.h.f. transmitter
cannot be designed for attenuation in all tele-
vision channels. This is no handicap for v.h.f.
work but means that the filter will not be effec-
tive when used with lower-frequency transmit-
ters, unless it happens that no TV channels in use
in the locality fall inside the pass band of the
filter.

TFig. 23-24 shows a filter for 52-ohm coax suit-
able for a 50-Me. transmitter of any power up to
the authorized limit. The ecircuit diagram is
given in Fig. 23-25. If the values of inductance
and capacitance can be measured (see chapter on
measurements) the components can be preset and
assembled without further adjustment. Alterna-
tively, the grid-dip meter method described
earlier may be used. The resonant frequencies are:




L1C4 (J1 shorted, Lz disconnected)

LsC4 (J5 shorted, Ly disconnected) } 81.5 Me.

L3C2C3 (Loand Ly disconnected) 46 Me.
L1 LoCyCy (L disconnected) :
LyLsC3Cy (L3 disconnected) 58.5 Me.

The cut-off frequency is approximately 65 Me.

|
I
| |
| |
Il‘\w\mmous——" |
i |
I |
I |

Fig. 23-25—Circuit diagram of the low-pass filters for

50- and 144-Mc. transmitters. Values on the drawing

are for the 50-Mc. filter. Partitions are not used in the
144-Mc. unit.

Ci, C+—50 Mc.; 50-uuf. variable, shaft-mounted, set to
middle of tuning range (Johnson 50L15). 144
Mc.: 11-pufd. ceramic (10-uuf. usable).

Cz, C3—50 Mc.: 100-puf. variable, shaft-mounted set
with rotor V4 inch out of stator (Bud MC-905).
144 Mc.: 38-uuf. stand-off bypass (Erie Style
721A).

50-Mc. coil data:

L1, Ls—3V2 turns 3 inch long. Top leads % inch, bottom
leads V4 inch long.

Lz, Lsi—4Y4 turns % inch long. Leads %2 inch long each end.

Lz3—5%2 turns 78 inch long. Leads 1 inch long each. All
50-Mc. coils No. 12 tinned, Y2-inch diam., coil
length measured between right-angle bends
where leads begin.

1'44-Mc. coil data:

Li, Ls—3 turns V4 inch long. Leads Y4 inch long each end. !

L2, Li—2 turns Y8 inch long. Leads 1 inch long each end.

Lz—5 turns 3 inch long. Leads ¥ inch long each end.
All 144-Mc. coils No. 18 tinned, Y4-inch diam.,
lengths measured as for 50-Mc. coils.

J1, Joe—Coaxial fitting.

The case for the 50-Mec. filter is a standard
aluminum slip-cover type box measuring 314 by
13 by 25% inches. The two end capacitors, C; and
Cy4, are mounted with their two stator posts to-
ward the ends of the filter. The two larger units are
mounted in the center compartment with their
rotor shafts toward the middle. The top leads
from coils L; and Ly are wrapped around the
stator terminals of C; and Cy, and the bottom
leads fit directly into the coaxialinput and output

Fig. 23-26—A 52-ohm low-pass
filter for 144-Mc. transmitters.
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fittings. The outer ends of coils Ls and L4 are
soldered to the coaxial fitting terminals, and their
inner ends are soldered to lugs supported on one-
inch ceramie stand-off insulators. Leads from the
stand-offs go through holes in the partitions to
the bottom stator lugs on (s and C3. L3 is soldered
to the two upper lugs on these two capacitors,
thus completing the filter circuit. Lead lengths
for the coils given in the parts list are the total
lengths to be left when the winding is completed,
including the portions that will be used in solder-
ing operations.

This filter will give high attenuation in Chan-
nels 4-6 and all the high-band channels, and thus
will take care of most of the spurious signals gen-
erated in a 50-Me. transmitter.

A filter for low-power 144-Me. transmitters is
shown in Fig. 23-25. It is designed for maximum
attenuation in the 190-215 Me. region to suppress
the spurious radiations in that range that fre-
quently occur with 144-Me. transmitters, but
also has good attenuation for all frequencies above
170 Me. Optimum capacitance values are given
in Fig. 23-25. If possible, several units of the
nearest standard wvalues available should be
measured and those having values closest to the
optimum used. The inductance values are too
small to be measured with sufficient accuraey, so

e filter should be adjusted as follows:

[ First, mount I; and Cj, short J; temporarily at
[ its inner terminals, and adjust L; until the com-
' bination resonates at 200 Mec. as shown by a grid-

dip meter. Next, remove the short from .J, and
connect Lo and Cy adjusting Ls until the circuit
formed by LiLsC,Cs resonates at 144 Me. Then
disconnect Lg and mount Ly between Cq and Cj.
Adjust Lz until the circuit LgCsC3 resonates at
112 Mec. Next, disconnect L3 and follow a similar
procedure starting from the other end with Lz and
C4. Finally, reconnect all coils and a check at any
point in the filter should show resonance at 160
Me., the approximate cut-off frequency.

“— The case for the 144-Me. filter is made from

flashing copper and is 114 inches square by 714
inches long. The main portion of the case is cut
from a single piece with the end tabs folded
down and soldered to the sides. Flanges are
folded over at the bottom, and a cover is made to
slip over these.

Filter Installation
In order to give the harmonic attenuation of
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which it is capable, a low-pass filter must be in-
stalled in such a way that «lf the output of the
transmitter flows through it. If harmonic currents
are permitted to flow on the outside of the con-
necting coaxial cables, they will simply flow over
the filter and on up to the antenna, and the filter
does not have an opportunity to stop them. That
is why it is so important to reduce the radiation
from the transmitter and its leads to negligible
proportions.

Fig. 23-27 shows the proper way to install a
filter between a shielded transmitter and a match-
ing circuit. Note that the coax, together with the
shields about the transmitter and filter, forms a
continuous shield to{ keep all the r.f. inside. It is
thus forced to flow through the filter and the
harmonies are attenuated. If there is no harmonic
energy left after passing through the filter, shield-
ing from that point on is not necessary; conse-
quently, the matehing cireuit or antenna coupler
does not need to be shielded. However, the
antenna-coupler chassis arrangement shown in
Fig. 23-27 is desirable because it will tend to
prevent fundamental-frequency energy from flow-
ing from the matching circuit back over the
transmitter; this helps eliminate feed-back trou-
bles in audio systems.

If the antenna is driven through cgaxial line
the matching circuit shown in Fig. 23-27 may
be omitted. In that case the line goes directly
from the filter to the antenna.

When a filter does not secem+to give the har-
monie attenuation of which it should be capable,
the probable reason is that harmonies are bypass-

"ing it because of improper installation and inade-
quate transmitter shielding, including lead filter-
ing. However, occasionally there are cases where
the circuits formed by the cables and the appara-
tus to which they conneet become resonant at a
harmonic frequency. This greatly

the basis of the design considerations outlined
under ‘“Reducing Harmonic Generation”’. :

2) Check all circuits, particularly those con-
nected with the final amplifier, with the grid-dip
meter to determine whether there are any reso-
nances in the TV bands. If so, rearrange the cir-
cuits so the resonances are moved out of the
ceritical frequency region.

3) Connect the transmitter to the dummy an-
tenna and check with the wavemeter for the
presence of harmonics on leads and around the
transmitter enclosure. Seal off the weak spots in
the shiclding and filter the leads until the wave-
meter shows no indication at any harmonic
frequency.

4) At this stage, check for interference with a
TV receiver. If there is interference, determine
the cause by the methods desecribed previously
and apply the recommended remedies until the
interference disappears.

5) When the transmitter is completely clean
on the dummy antenna, connect it to the regular
antenna and check for interference on the TV
receiver. If the interference is not bad, an antenna
coupler or matching circuit installed as previously
described should clear it up. Alternatively, a low-
pass filter may be used. If neither the antenna
coupler nor filter makes any difference in the inter-
ference, the evidence is strong that the inter-
ference, at least in part, is being caused by
receiver overloading because of the strong funda-
mental-frequency field about the TV antenna
and receiver. (See later section for identification
of fundamental-frequency interference.) A cou-
pler and ‘or filter, installed as deseribed above,
will invariably make a difference in the intensity
of the interference if the interference is caused by
transmitter harmonics alone.

6) If there is still interference after installing

increases the harmonic output at
that frequency. Such troubles can be
completely overcome by substitut- o

ing a slightly different cable length.
The most critical length is that con-

Coax Coax
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necting the transmitter to the filter.
Checking with a grid-dip meter at
the final amplifier output coil usu-
ally will show whether an un-
favorable resonance of this type
" exists.

@ SUMMARY

The methods of harmonic elimination outlined
in this chapter have been proved beyond doubt
to be effective even under highly unfavorable
conditions. It must be emphasized once more,
however, that the problem must be solved one
step at a time, and the procedure must be in
logical order. It cannot be done properly without
two items of simple equipment: a grid-dip meter
and wavemeter covering the TV bands, and a
dummy antenna.

The proper procedure may be summarized as
follows:

1) Take a critical look at the transmitter on

Fig. 23-27—The proper method of installing a low-pass filter between
the transmitter and antenna coupler or matching circuit. If the antenna
is fed through coax the matching circuit may be omitted but the same
construction should be used between the transmitter and filter. The filter

should be thoroughly shielded.

the coupler and /or filter, and the evidence shows
that it is probably caused by a harmonic, more
attenuation is needed. A more elaborate filter
may be necessary. However, it is well at this stage
to assume that part of the interference may be
caused by receiver overloading, and take steps to
alleviate such a condition before trying highly-
elaborate filters, traps, etc., on the transmitter.

@ HARMONICS BY RECTIFICATION

Even though the transmitter is completely
free from harmonie output it is still possible for
interference to occur because of harmonics gen-
erated outside the transmitter. These result from
rectification of fundamental-frequency currents
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induced in conductors in the vicinity of the
transmitting antenna. Rectification can take
place at any point where two conductors are in
poor electrical contact, a condition that fre-
quently exists in plumbing, downspouting, BX
cables crossing each other, and numerous other
places in the ordinary residence. It also can occur
in any exposed vacuum tubes in the station, in
power supplies, speech equipment, ete., that may
not be enclosed in the shielding about the r.f.
cireuits. Poor joints anywhere in the antenna
system are especially bad, and rectification also
may take place in the contacts of antenna change-
over relays. Anotner common cause is overload-
ing the front end of the communications receiver
when it is used with a separate antenna (which
will radiate the harmonics generated in the first
tube) for break-in.

Rectification of this sort will not only cause
harmonic interference but also is frequently re-
sponsible for cross-modulation effects. It can be
detected In greater or less degree in most loca-
tions, but fortunately the harmonics thus gen-
erated are not usually of high amplitude. How-
ever, they can cause considerable interference in
the immediate vicinity in fringe areas, especially
when operation is in the 28-Mec. band. The
amplitude decreases rapidly with the order of the
harmonie, the second and third being the worst.
It is ordinarily found that even in cases where
destructive interference results from 28-Me. oper-
ation the interference is comparatively mild from
14 Me., and is negligible at still lower frequenciecs.

Nothing can be done at either the transmitter
or receiver when rectification occurs. The remedy
is to find the source and eliminate the poor con-
tact either by separating the conductors or
bonding them together. A erystal wavemeter
(tuned to the fundamental frequency) is useful
for hunting the source, by showing which con-
ductors are carrying r.f. and, comparatively,
how much.

Interference of this kind is frequently inter-
mittent since the rectification efficiency will
vary with vibration, the weather, and so on. The
possibility of corroded contacts in the TV re-
ceiving antenna should not be overlooked, es-
pecially if it has been up a year or more.

@ TV RECEIVER DEFICIENCIES

Front-End Overloading

When a television receiver is quite close to the
transmitter, the intense r.f. signal from the trans-
mitter’s fundamental may overload one or more
of the receiver circuits to produce spurious re-
sponses that cause interference.

If the overload is moderate, the interference is
of the same nature as harmonic interference; it is
caused by harmonies generated in the early stages
of the receiver and, sinece it occurs only on chan-
nels harmonically related to the transmitting
frequency, is difficult to distinguish from har-
monics actually radiated by the transmitter. In
such cases additional harmonic suppression at the
transmitter will do no good, but any means taken
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at the receiver to reduce the strength of the
amateur signal reaching the first tube will effect
an improvement. With very severe overloading,
interference also will occur on channels not
harmonically related to the transmitting fre-
quency, so such cases are easily identified.

Cross-Modulation

Under some circumstances overloading will
result in cross-modulation or mixing of the ama-
teur signal with that from a local f.m. or TV sta-
tion. For example, a 14-Me. signal can mix with a
92-Me. f.m. station to produce a beat at 78 Me.
and cause interference in Channel 5, or with a
TV station on Channel 5 to cause interference in
Channel 3. Neither of the channels interfered
with is in harmonic relationship to 14 Me. Both
signals have to be on the air for the interference
to occur, and eliminating either at the TV re-
ceiver will eliminate the interference.

There are many combinations of this type,
depending on the band in use and the local fre-
quency assignments to f.m. and TV stations. The
interfering frequency is equal to the amateur
fundamental frequency either added to or sub-
tracted from the frequency of some local station,
and when interference occurs in a TV channel
that is not harmonically related to the amateur
transmitting frequency the possibilities in such
frequency combinations should be investigated.

I. F. Interference

Some TV receivers do not have sufficient selec-
tivity to prevent strong signals in the intermedi-
ate-frequency range from forcing their way
through the front end and getting into the i.f.
amplifier. The once-standard intermediate fre-
quency of, roughly, 21 to 27 Mec., is subject to
interference from the fundamental-frequency
output of transmitters operating in the 21-Me.
band. Transmitters on 28 Me. sometimes will
cause this type of interference as well.

A form of i.f. interference peculiar to 50-MNe.
operation near the low edge of the band oc-
curs with some receivers having the standard
“41-Me.” i.f.,, which has the sound ecarrier at
41.25 Me. and the picture carrier at 15.75 Me.
A 50-Me. signal that forces its way into the i.f.
system of the receiver will beat with the i.f.
picture carrier to give a spurious signal on or
near the i.f. sound carrier, even though the inter-
fering signal is not actually in the nominal pass-
band of the i.f. amplifier.

There is a type of i.f. interference unique to the
144-Me. band in localities where certain u.h.f.
TV channels are in operation, affecting only
those TV reccivers in which double-conversion
type plug-in w.h.f. tuning strips are used. The
design of these strips involves a first intermediate
frequency that varies with the TV channel to be
received and, depending on the particular strip
design, this first i.f. may be in or close to the
144-Me. amateur band. Since there is com-
paratively little selectivity in the TV signal-
frequency circuits ahead of the first i.f., a signal
from a 144-Me. transmitter will “‘ride into’’ the
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if., even when the receiver is at a considerable
distance from the transmitter. The channels that
can be affected by this type of i.f. interference are:
Receivers with
41-DMe.
second 1.f.
Channels 20-25, inc.
Channels 51-58, inc.
Channels 82 and 83.

Receivers with
21-Mec.
second t.f.
Channels 14-18, inc.
Channels 4148, inc.
Channels 69-77, inc.

If the receiver is not close to the transmitter, a
trap of the type shown in Fig. 23-30 will be effec-
tive. However, if the separation is small the
144-MMe. signal will be picked up directly on the
receiver circuits and the best solution is to read-
just the strip oscillator so that the first i.f. is
moved to a frequeney not in the vicinity of the
144-Me. band. This has to be done by a com-
petent technician.

I.f. interference is easily identified since it oc-
curs on all channels — although sometimes the
intensity varies from channel to channel — and
the cross-hatch pattern it causes will rotate when
the receiver’s fine-tuning control is varied. When
the interference is caused by a harmonic, over-
loading, or cross modulation, the structure of the
interference pattern does not change (its intensity
may change) as the fine-tuning control is varied.

High-Pass Filters

In all the above cases the interference can be
eliminated if the fundamental signal strength can
be reduced to a level that the receiver can handle.
To accomplish this with signals on bands below
30 Mec., the most satisfactory device is a high-
pass filter having a cut-off frequency between 30
and 54 Me., installed at the tuner input terminals
of the receiver. Circuits that have proved effec-
tive are shown in Figs. 23-28 and 23-29. Fig.
23-29 has one more section than the filters of
TFig. 23-28 and as a consequence has somewhat
better cut-off characteristics. All the circuits
given are designed to have little or no effect on
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Fig. 23-28—High-pass filters for installation at the TV
receiver antenna terminals, A—balanced filter for 300-
ohm line, B—for 75-ohm coaxial line. Important: Do not
use a direct ground on the chassis of a transformerless
receiver. Ground through a 0.001-uf. mica capacitor.

the TV signals but will attenuate all signals
lower in frequency than about 40 Me. These
filters preferably shoil'l be constractel in some
sort, of shielling container, altho igh shiel ling is
not always necessary. The dashed lines in Iig.
23-2) show how in lividual iilter coils can be
shielled from eich other. the capicitors can be
tubular ceramic units centered in holes in the
partitions that separate the coils.

Simple high-pass filters cannot always be applied
successfully in the case of 50-Me. transmissions,
because they do not have sufficiently-sharp cut-
off characteristics to give both good attenuation
at 50-54 Mec. and no attenuation above 54 Me.
A more claborate design capable of giving the
required sharp cut-off has been deseribed (Ladd,
“50-Mc. TVI —1Its Causes and Cures,” QST,
June and July, 1954). This article also contains
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Fig. 23-29—Another type of high-pass filter for 300-
ohm line. The coils may be wound on Y-inch diameter
plastic knitting needles. Important: Do not use a direct
ground on the chassis of a transformerless receiver.
Ground through a 0.001-uf. mica capacitor.

other information useful in coping with the
TVI problems peculiar to 50-Mec. operation.
As an alternative to such a filter, a high-Q wave
trap tuned to the transmitting frequency may
be used, suffering only the disadvantage that it is
quite selective and therefore will protect a re-
ceiver from overloading over only a small range
of transmitting frequencies in the 50-Me. band.
A trap of this type using quarter-wave sections
of Twin-Lead is shown in TFig. 23-30. These
“suck-out’ traps, while absorbing energy at the
frequency to which they are tuned, do not affect
the receiver operation otherwise. The assembly
should be slid along the TV antenna lead-in until
the most effective position is found, and then fas-
tened securely in place with Scotch Tape. An
insulated tuning tool should be used for adjust-
ment of the trimmer capacitor, since it is at a
“hot” point and will show considerable body-ca-
pacitance effect.

High-pass filters are available commercially at
moderate prices. In this connection, it should be
understood by all parties concerned that while an
amateur is responsible for harmonic radiation
from his transmitter, it is no part of his responsi-
bility to pay for or install filters, wave traps, ete.
that may be required at the receiver to prevent
interference caused by his fundamental frequency.
The set owner should be advised to get in touch
with the organization from which he purchased
the receiver or which services it, to make ar-
rangements for proper installation. Proper in-
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' Fig. 23-30—Absorption-type

wave trap using sections of 300-
ohm line funed to have an electri-

— ———— To cal length of Y4 wavelength at the

SS U Ain w transmitter frequency. Approxi-
- T X <> mate physical lengths (dimension
To Sk | & 4 = -~ > A) are 40 inches for 50 Mc. and
Revr., Short 11 inches for 144 Mc., allowing

Parallel open ends
and connect to one
terminal of condenser.
Same on other side.

and tape in place.
stallation usually requires that the filter be in-
stalled right at the input terminals of the r.f.
tuner of the TV set and not merely at the external
antenna terminals, which may be at a considera-
ble distance from the tuner. The question of cost
is one to be settled between the set owner and the
organization with which he deals.

Some of the larger manufacturers of TV re-
celvers have instituted arrangements for cooper-
ating with the set dealer in installing high-pass
filters at no cost to the receiver owner. FCC-
sponsored TVI Committees, now operating in
many cities, have all the information necessary
for effectuating such arrangements. To find out
whether such a committee is functioning in your
community, write to the FCC field office having
jurisdiction over your location. A list of the field
offices is contained in The Radio Amateur’s
License Manual, published by ARRL.

If the fundamental signal is getting into the
receiver by way of the line cord a line filter such
as that shown in Fig. 23-1 may help. To be most
effective it should be installed inside the receiver
chassis at the point where the cord enters, making
the ground connections directly to chassis at this
point. It may not be so helpful if placed between
the line plug and the wall socket unless the r.f. is
actually picked up on the house wiring rather
than on the line cord itself.

Antenna Installation

Usually, the transmission line between the TV
receiver and the actual TV antenna will pick up
a great deal more energy from a nearby trans-
mitter than the television receiving antenna itself.
The currents induced on the TV transmission line
in this case are of the “parallel” type, where the
phase of the current is the same in both con-
ductors. The line simply acts like two wires con-
nected together to operate as one. If the receiver’s
antenna input circuit were perfectly balanced it
would reject these ‘“‘parallel” or ‘“‘unbalance”
signals and respond only to the true transmission-
line (““push-pull”’) currents; that is, only signals
picked up on the actual antenna would cause a
receiver response. However, no receiver is perfect
in this respect, and many TV receivers will re-
spond strongly to such parallel currents. The
result is that the signals from a nearby amateur
transmitter are -much more intense at the first
stage in the TV receiver than they would be if
the receiver response were confined entirely to
energy picked up on the TV antenns alone.
This situation can be improved by using shielded
transmission line — coax or, in the balanced
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these ends for the loading effect of the ca-
pacitance at the open end. Two
traps are used in parallel, one on

each side of the line to the receiver.

form, “twinax’ — for the receiving installation.
For best results the line should terminate in a
coax fitting on the receiver chassis, but if this is
not possible the shield should be grounded to the
chassis right at the antenna terminals.

The use of shielded transmission line for the
receiver also will be helpful in reducing response
to harmonics actually being radiated from the
transmitter or transmitting antenna. In most
receiving installations the transmission line is
very much longer than the antenna itself, and is
consequently far more exposed to the harmonie
fields from the transmitter. Much of the har-
monie pickup, therefore, is on the receiving
transmission line when the transmitter and re-
ceiver are quite close together. Shielded line,
plus relocation of either the transmitting or
receiving antenna to take advantage of directive
effects, often will result in reducing overloading,
as well as harmonic pickup, to a level that does
not interfere with reception.

@ U.HF. TELEVISION

Harmonic TVI in the u.h.f. TV band is far
less troublesome than in the v.h.f. band. Har-
monics from transmitters operating below 30
Mec. are of such high order that they would
normally be expected to be quite weak; in addi-
tion, the components, circuit conditions and
construction of low-frequency transmitters are
such as to tend to prevent very strong harmonics
from being generated in this region. However,
this is not true of amateur v.h.f. transmitters,
particularly those working in the 144-Me. and
higher bands. Here the problem is quite similar
to that of the low v.h.f. TV band with respect
to transmitters operating below 30 Mec.

There is one highly favorable factor in u.h.f.
TV that does not exist in the most of the v.h.f.
TV band: If harmonics are radiated, it is possible
to move the fransmitter frequency sufficiently
(within the amateur band being used) to avoid
interfering with a channel that may be in use in
the locality. By restricting operation to a portion
of the amateur band that will not result in
harmonie interference, it is possible to avoid the
necessity for taking extraordinary precautions to
prevent harmonic radiation.

The frequency assignment for u.h.f. television
consists of seventy 6-megacycle channels (Nos.
14 to 83, inclusive) beginning at 470 Me. and
ending at 890 Mc. The harmonics from amateur
bands above 50 Mec. span the u.h.f. channels as
shown i Table 23-I. Since the assignment plan
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TABLE 23-1
Harmonic Relationship—Amateur V.H.F. Bands and U.H.F. TV Channels
UHF. TV UHP TV
Amateur Fundamental Channel Amateur Fundamental Channel
Band Harmonic Freq. Range A ffecled Band Harmonic Freq. Range Affected

144 Me. 4th 144 .0-144.5 31 220 Mec. 3rd 220-220.67 45
144 .5-146.0 32 220.67-222.67 46
146.0-147 .5 33 222 67224 .67 47
147.5-148.0 34 224 .67-225 48
4th 220-221 82
5th 144.0-144 .4 55 221-292 .5 83

144 .4-145.6 56
145.6-146 .8 57 420 Me 2nd 420-421 75
146.8-148 58 421-424 76
424-427 77
6th 144-144 .33 79 iggjgg ;S
144 .33-145.33 80 433-436 80

145.33-147 .33 81
147.33-148 82 240 489 &l
el 439-442 82
442-448 83

calls for a minimum separation of six channels
between any two stations in one locality, there is
ample opportunity to choose a fundamental fre-
quency that will move a harmonic out of range
of a local TV frequency.

@ COLOR TELEVISION

The color TV signal includes a subcarrier
spaced 3.58 megacycles from the regular picture
carrier (or 4.83 Mec. from the low edge of the
channel) for transmitting the color informa-
tion. Harmonics which fall in the color sub-
carrier region can be expected to cause break-up
ol color in the received picture. This modifies the
chart of Fig. 23-3 to introduce another “‘severe”’
region centering around 4.8 Me. measured from
the low-frequency edge of the channel. Hence
with color television reception there is less oppor-
tunity to avoid harmonic interference by choice
of operating frequency. In other respects the
problem of eliminating interference is the same
as with black-and-white television.

. INTERFERENCE FROM TV RECEIVERS

The TV picture tube is swept horizontally by
the electron beam 15,750 times per second, using
a wave shape that has very high harmonic con-
tent. The harmonics are of appreciable amplitude
even at frequencies as high as 30 Mec., and when
radiated from the receiver can cause considerable
interference to reception in the amateur bands.
While measures to suppress radiation of this
nature are required by FCC in currently manu-
factured receivers, many older sets have had no
such treatment. The interference takes the form
of rather unstable, a.c.-modulated signals spaced
at intervals of 15.75 ke.

Studies have shown that the radiation takes
place principally in three ways, in order of their
importance: (1) from the a.c. line, through stray
coupling to the sweep circuits; (2) from the
antenna system, through similar coupling; (3)
directly from the picture tube and sweep-circuit

wiring. Line radiation often can be reduced by
bypassing the a.c. line cord to the chassis at
the point of entry, although this is not com-
pletely effective in all cases since the coupling
may take place outside the chassis beyond the
point where the by passing is done. Radiation
from the antenna is usually suppressed by install-
ing a high-pass filter on the receiver. The direct
radiation requires shielding of high-potential
leads and, in some receivers, additional by-
passing in the sweep cirouit; in severe cases, it
may be necessary to line the cabinet with screen-
ing or similar shielding material.

Incidental radiation of this type from TV and
broadcast receivers, when of sufficient intensity
to cause serious interference to other radio serv-
ices (such as amateur), is covered by Part 15 of
the FCC rules. When such interference is caused,
the user of the receiver is obligated to take steps
to eliminate it. The owner of an offending receiver
should be advised to contact the source from
which the receiver was purchased for appropriate
modification of the receiving installation. TV
receiver dealers can obtain the necessary informa-
tion from the set manufacturer.

It is usually possible to reduce interference
very considerably, without modifying the TV
receiver, simply by having a good amateur-band
receiving installation. The principles are the same
as those used in reducing “hash” and other
noise — uge a good antenna, such as the trans-
mitting antenna, for reception; install it as far
as possible from a.c. circuits; use a good feeder
system such as a properly balanced two-wire
line or coax with the outer conductor grounded;
use coax input to the receiver, with a matching
circuit if nezessary; and check the receiver to
make sure that it does not pick up signals or
noise with the antenna disconnected. These
measures not only reduce interference from sweep
radiation and a.c. line noise, but also build up
the strength of the desired signal, so that the
overall improvement in signal-to-interference
ratio is very much worth-while.
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CHAPTER 24

Operating a Station

The enjoyment of our hobby comes mostly
from the operation of our station once we have
finished its construction. Upon the stalion and
its operation depend the communication records
that are made. The standing of individuals as
amateurs and respect for the capabilities of the
whole institution of amateur radio depend to a
considerable extent on the practieal communica-
tions established by amateurs, the aggregate of
all our station efforts.

An operator with a slow, steady, clean-cut
method of sending has a big advantage over
the poor operator. The technique of speaking in
connected thoughts and phrases is equally im-
portant for the voice operator. Good sending is
partly a matter of practice but patience and
judgment are just as important qualities of an
operator as a good ‘‘fist.”

Operating knowledge embracing standard pro-
cedures, development of skill in employing c.w.
to expand the station range and operating effec-
tiveness at minimum power levels and some net
know-how are all essentials in achieving a trium-
phant amateur experience with top station rec-
ords, personal results, and demonstrations of
what our stations can do in practical communi-
cations.

. OPERATING COURTESY AND
TOLERANCE

Normal operating interests in amateur radio
vary considerably. Some prefer to rag-chew,
others handle traffic, others work DX, others
concentrate on working certain areas, countries
or states and still others get on for an oceasional
contact only to check a new transmitter or an-
tenna.

Interference is one of the things we amateurs
have to live with. However, we can conduct our
operating in a way designed to alleviate it as
much as possible. Before putting the transmaitter
on the air, listen on your own frequency. If you
hear stations engaged in communication on that

% ._A LONG CALL
IS UNNECESSARY 7

frequency, stand by until you are sure no inter-
ference will be caused by your operations, or
shift to another frequency. No amateur or any
group of amateurs has any erclusive claim to any
frequency in any band. We must work together,
each respecting the rights of others. Remember,
those other chaps can cause vou as much inter-
ference as vou cause them, sometimes more!
In this chapter we'll recount some fundamen-
tals of operating succeess, cover major procedures
for successful general work and include proper
forms to use in message handling and other
fields. Note also the sections on special activities,
awards and organization. These permit us all to
develop through our organization more success
together than we could ever attain by separate
uncoordinated efforts that overlook the precepts
established through operating experience.

@ cC.W. PROCEDURE

The best operators, both those using voice and
c.w., observe certain operating procedures re-
garded as “‘standard practice.”

1) Calls. Calling stations may cull efficiently
by transmitting the call signal of the station
called three times, the letters DIS, followed by
one’s own station call sent three times. (Short
calls with frequent ‘“breaks” to listen have
proved to be the best method.) Repeating the
call of the station called four or five times and
signing not more than two or three times has
proved excellent practice, thus: WOBY W@BY
WOBY WOBY WOBY DI WIAW WI1AW AR.

CQ. The general-inquiry call (CQ) should be
sent not more than five times without interspers-
ing one’s station identification. The length of
repeated calls is carefully limited in intelligent
amateur operating. (CQ is not to be used when
testing or when the sender is not expecting or
looking for an answer. Never send a CQ “blind.”
Always be sure to listen on the transmitting fre-
quency first.)

The directional CQ: To reduce the number of
useless answers and lessen QRM, every CQ call
should be made informative when possible.

Examples: A United States station looking for
any Hawaiian amateur calls: CQ KH6 CQ
KH6 CQ KH6 DE W4TIA W4IA W4IA K. A
Western station with traffic for the East Coast
when looking for an intermediate relay station
calls: CQ EAST CQ EAST CQ EAST DE
WSEIGW WSIGW WSHIGW K. A station with
messages for points in Massachusetts calls: CQ
MASS CQ MASS CQ MASS DE W7CZY
W7CZY W7CZY K
Hams who do not raise stations readily may
find that their sending is poor, their calls ill-timed
or judgment in error. When conditions are right
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to bring in signals from the desired locality, yvou
can call them, Reasonably short calls, with ap-
propriate and brief breaks to listen, will raise
stations with minimum time and trouble.

2) Answering a Call: Call three times (or less);
send DE; sign three times (or less); after contact
is established decrease the use of the call signals
of both stations to once or twice. When a station
receives a call but does not receive the call letters
of the station ealling, QRZ? may be used. It
means “By whom am I being called?” QRZ
should not be used in place of CQ.

3) Ending Signals and Sign-Off: The proper
use of AR, K, KN, SK and CL ending signals is
as follows:

AR — End of transmission. Recommended
after call to a specific station before contact has
been established.

Example: W6ABC WGABC WGABC WGABC
WOGABC DE WILMN WILMN AR. Also at the
end of transmission of a radiogram, immediately
following the signature, preceding identification.

K — Go ahead (any station). Recommended
after CQ and at the end of each transmission
during QSO when there is no objection to others
breaking in.

Example: CQ CQ CQ DE WIABC WI1ABC
K or WOXYZ DE WIABC K.

KN — Go ahead (specific station), all others
keep out. Recommended at the end of each
transmission during a QSO, or after a call, when
calls from other stations are not desired and will
not be answered.

Erample: WATGIL DE XUSGRL KN.

SK —End of QSO. Recommended before
signing last transmission at end of a QSO.

Ezample: . ... SK WSLMN DE W5BCD.

CL —1I am closing station., Recommended
when a station is going off the air, to indicate
that it will not listen for any further calls.

Erample: . ... SK W7HL] DE W2JKL CL.

4) Testing. When it is necessary for a station
to make test signals they must not continue for
more than 10 seconds and must be composed of a
series of VVV followed by the call sign of the
station emitting the test signals. Always listen
Jirst to find a clear spot if possible, to avoid
causing unwarranted QRM of a QSO in progress.

5) Receipting for conversation or traffic: Never
receipt for a transmission until it has been en-
tirely received. “R’” means ‘‘transmission re-
ceived as sent.”” Use R only when all is received
correctly.

6) Repeats. When most of a transmission is
lost, a call should be followed by correct abbre-
viations to ask for repeats. When a few words on
the end of a transmission are lost, the last word
recetved correctly is given after ?AA, meaning “all
after.”” When a few words at the beginning of a
transmission are lost, ?AB for ““all before” a
stated word should be used. The quickest way
to ask for a fill in the middle of a transmission is
to send the last word received correctly, a ques-

tion mark, then the next word received correctly.
Another way is to send “?BN [word] and [word].”

Do not send words twice (QSZ) unless it is
requested. Send single. Do not fall into the bad
habit of sending double without a request from
fellows you work. Don’t say “QRM” or “QRN*
when you mean “QRS.” Don’t CQ unless there
is definite reason for so doing. When sending
CQ, use judgment.

General Practices

When a station has receiving trouble, the oper-
ator asks the transmitting station to “QSV.”
The letter “R’’ is often used in place of a decimal
point (e.g., ““3R5 Me.””) or the colon in time
designation (e.g., “2R30 PM”). A long dash is
sometimes sent for “zero.”

The law concerning superfluous signals should
be noted. If you must test, disconnect the antenna
system and use an equivalent “dummy” an-
tenna. Send your call frequently when operating.
Pick a time for adjusting the station apparatus
when few stations will be bothered.

The up-to-date amateur station uses “break-
in.”” For best results send at a medium speed.
Send evenly with proper spacing. The standard-
type telegraph key is best for all-round use.
Regular daily practice periods, two or three
periods a day, are best to acquire real familiarity
and proficiency with code.

No excuse can be made for ““garbled” copy.
Operators should copy what is sent and refuse to
acknowledge a whole transmission until every
word has been received correctly. Good operators
do not guess. “Swing”’ in a fist is nof the mark of
a good operator. Unusual words are sent twice,
the word repeated following the transmission of
“?” I not sure, a good operator systematically
asks for a fill or repeat. Sign your call frequently,
interspersed with ecalls, and at the end of all
transmissions.

On Good Sending

Assuming that an operator has learned sending
properly, and comes up with a precision ‘fist”
—mnot fast, but clean, steady, making well-
formed rhythmical characters and spacing beau-
tiful to listen to — he then becomes subject to
outside pressures to his own possible detriment
in everyday operating. He will want to ‘““speed
it up’ because the operator at the other end is
going faster, and so he begins, unconsciously, to
run his words together or develops a “swing.”

Perhaps one of the easiest ways to get into
bad habits is to do too much playing around
with special keys. Too many operators spend
only enough time with a straight key to acquire
“passable” sending, then subject their newly-
developed “fists” to the entirely different move-
ments of bugs, side-swipers, electronic keys, or
what-have-you. All too often, this results in the
ruination of what may have become a very good
“fist.”

Think about your sending a little. Are you
satisfied with it? You should not be — ever.
Nobody’s sending is perfect, and therefore every
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operator should continually strive for improve-
ment. Do you ever run letters together — like Q
for MA, or P for AN — especially when vou are
in a hurry? Practically everybody does at one
time or another. Do you have a “swing”’? Any
recognizable “swing” is a deviation from per-
fection. Strive to send like tape sending; copy ¢
WI1AW Bulletin and try to send it with the same
spacing using a local oscillator on a suhsequent
transmission,

Check your spacing in characters, between
characters and between words occasionally by
making a recording of your fist on an inked tape
recorder. This will show up your faults as noth-
ing else will. Practice the correction of faults.

@ USING A BREAK-IN SYSTEM

Break-in avoids unnecessarily long calls, pre-
vents QRM, gives more communication per hour
of operating. Brief calls with frequent short
pauses for reply can approach (but not equal)
break-in efficiency.

A separate receiving antenna facilitates break-
in operation. It is only necessary with break-in
to pause just a moment with the key up (or to
cut the carrier momentarily and pause in a
phone conversation) to listen for the other sta-
tion. The click when the carrier is cut off is as
effective as the word “break.”

C.w. telegraphy break-in is usually simple to
arrange. With break-in, ideas and messages to
be transmitted can be pulled right through the
holes in the QRM. Snappy, efficient amateur
work with break-in usually requires a separate
receiving antenna and arrangement of the trans-
mitter and receiver to eliminate the necessity for
throwing switches between transmissions.

In calling, the transmitting operator sends the
letters < BIX” at intervals during his call so that
stations hearing the call may know that break-in
is in use and take advantage of the fact. He pauses
al intervals during his call, to listen for a moment
for a reply. If the station being called does not
answer, the call can be continued.

With a tap of the key, the man on the receiv-
ing end can interrupt (if a word is missed). The
other operator is constantly monitoring, await-
ing just such directions. It is not necessary that
you have perfect facilities to take advantage of
break-in when the stations you work are break-in-
equipped. After any invitation to break is given
(and at each pause) press your key — and con-
tact can start immediately. ‘

@ VOICE OPERATING

The use of proper procedure to get best results
is just as important as in using code. In telegra-
phy words must be spelled out letter by letter.
It is therefore but natural that abbreviations
and shortcuts should have come into widespread
use. In voice work, however, abbreviations are
not necessary, and should have less importance
in our operating procedure.
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OPERATING A STATION

Voice-Operating Hints

1) Listen before ealling.

2) Make short ealls with breaks to listen. Avoid
long CQs; do not answer any.

3) Use push-to-talk or voice control. Give essen-
tial data concisely in [irst transmission.

4) Make reports honest. Use definitions of
strength and readability for reference, Make your
reports informative and useful. Ilonest reports
and jull word deseription of signals save amateur
operators from FCC trouble.

5) Limit transmission length. Two minutes or
less will convey much information. When three or
more stations converse in round tables, brevity is
essential.

6) Display sportsmanship and courtesy. Bands
are congested . ., . make transmissions meaningful
. . . give others a break.

7) Check transmitter adjustment . . . avoid
a.m. overmodulation and splatter. On s.s.b. check
carrier balance carefully. Do not radiate when mov-
ing v.f.o. frequency or checking n.f.m. swing. Use
receiver b.f.o. to cheek stability of signal. Complete
testing before busy hours!

The letter “X” has been agreed to in tele-
graphic practice so that the operator will not
have to pound out the separate letters that spell
the words “go ahead.” The voice operator ean
say the words “go ahead’ or “over,” or “come
in please.”

One laughs on c.w. by spelling out III. On
phone use a laugh when one is called for. Be nat-
ural as you would with your family and friends.

The matter of reporting readability and strength
is as important to phone operators as to those
using code. With telegraph nomenclature, it is
necessary to spell out words to describe signals
or use abbreviated signal reports. But on voice, we
have the ability to “say it with words.”” “Read-
ability four, Strength eight” is the best way to
give a quantitative report. Reporting ean be done
so much more meaningfully with ordinary words:
“You are weak but you are in the clear and I ean
understand you, so go ahead,”” or “ Your signal
is strong but you are buried under local inter-
ference.,”” Why not say it with words?

Voice Equivalents to Code Procedure

Voice Code Meaning
Go ahead; over K Self-explanatory
Wait; stand by AS Self-explanatory
Received R Receipt for a cor-

rectly-transeribed
message or for
oo 1iq -

solid " transmission
with no missing por-
tions

Phone-Operating Practice

Ifficient voice communication, like good c.w.
communication, demands good operating. Ad-
herence to certain points “on getting results”
will go a long way toward improving our phone-
band operating conditions.

Use push-to-talk technique. Where possible ar-
range on-off switches, controls or voice-controlled
break-in for fast back-and-forth exchanges that
emulate the practicality of the wire telephone.



Voice Operating

This will help reduce the length of transmissions
and keep brother amateurs from calling you a
“monologuist” — a guy who likes to hear him-
self talk!

Listen with care. Keep noise and “back-
grounds” out of your operating room to facilitate
good listening. It is natural to answer the strong-
est signal, but take time to listen and give some
consideration to the best signals, regardless of
strength. Every amateur cannot run a kilowatt,
but there is no reason why every amateur cannot
have a signal of good quality, and utilize uniform
operating practices to aid in the understanda-
bility and ease of his own communications.

Interpose your call regularly and at frequent
intervals. Three short calls are better than one
long one. In calling CQ, one’s eall should eertainly
appear at least once for every five or six CQs,
Calls with frequent breaks to listen will save
time and be most productive of results. In iden-
tifying, always transmit your own call last. Don’t
say “This is W1ABC standing by for W2DEF”;
say “W2DIOF, this is WI1ABC, over.” FCC regu-
lations show the call of the transmitting station
sent last.

Include counlry prefix before call. 1t is not cor-
rect to say “ORRN, this is IBDI.” Correct and
legal use is “WORRN, this is WIBDIL.” FCC
regulations require proper use of calls; stations
have been cited for failure to comply with this
requirement.

Monditor your own frequency. This helps in tim-
ing calls and transmissions. Transmit when there
is o chance of being copied successfully — not
when you are merely “more QRM.” Timing
transmissions is an art to cultivate.

Keep modulation constant. By turning the gain
“wide open” you are subjecting anyone listening
to the diversion of whatever noises are present, in
or near your operating room, to say nothing of
the possibility of feedback, echo due to poor
acoustices, and modulation excesses due to sudden
loud noises. Speak near the microphone, and
don’t let your gaze wander all over the station
causing sharply-varying input to your speech
amplifier; at the same time, keep far enough from
the microphone so your signal is not modulated
by your breathing. Change distance or gain only
as necessary to insure uniform transmitter per-
formance without overmodulation, splatter or
distortion.

Make connected thoughts and phrases. Don’t mix
disconneeted subjects. Ask questions consistently.
Pause and get answers.

Have a pad of paper handy. 1t is convenient
and desirable to jot down questions as they come
in the course of discussion in order not to miss
any. It will help you to make intelligent to-the-
point replies.

Steer clear of inanities and soap-opera stujff. Our
amateur radio and also our personal reputation
as serious communications workers depend on us,

Avoid repetition. Don't repeat back what the
other fellow has just said. Too often we hear a
conversation like this: “Okay on your new an-
tenna there, okay on the trouble you’re having

with your recciver, okay on the company who
just came in with some ice cream, okay . . .
[ete.].” Just say you received everything O.IK.
Don’t try to prove it.

Use phonetics only as required. When clarifying
genuinely doubtful expressions and in getting
your call identified positively we suggest use of
the ARRL Phonetic List. Limit such use to
really-necessary clarification.

The speed of radiotelephone transmission (with
perfect accuracy) depends almost entirely upon
the skill of the two operators involved. One must
learn to speak at a rate allowing perfect under-
standing as well as permitting the receiving
operator to copy down the message text, if that
is necessary. Because of the similarity of many
English spcech sounds, the use of alphabetical
word lists has been found necessary. All voice-
operated stations should use a standard list as
nceded to identify call signals or unfamiliar
expressions.,

ARRL Word List for Radiotelephony

ADAM JOHN SUSAN
BAKER KING THOMAS
CHARLIE LEWIS UNION
DAVID MARY VICTOR
IEDWARD NANCY WILLTAM
FRANK OTTO X-RAY
GEORGE PETER YOUNG
HENRY QUEEN ZEBRA
IDA ROBERT

Example: WIAW ... W 1 ADAM WILLIAM ... WIAW

Round T'ables. The round table has many ad-
vantages if run properly. It clears frequencies of
interference, espeeially if all stations involved
are on the same frequency, while the enjoyment
value remains the same, if not greater. By use of
push-to-tallk, the conversation can be kept lively
and interesting, giving each station operator
ample opportunity to participate without wait-
ing overlong for his turn.

Round tables can become very unpopular if
they are not conducted properly. The monologu-
ist, off on a long spiel about nothing in particular,
cannot be interrupted; make your transmissions
short and to the pornt. “‘ Butting in”’ is discourteous
and unsportsmanlike; don’t enter a round table, or
any contact between two other amateurs, unless you
are wnvited. It is bad enough trying to copy
through prevailing interference without the added
difficulty of poor voice quality; check your trans-
mtter adjustments frequently. In general, follow
the precepts as hereinbefore outlined for the
most enjoyment in round tables as well as any
other form of radiotelephone communication,

@ WwWORKING DX

Most amateurs at one time or another make
“working DX’ a major aim. As in every other
phase of amateur work, there are right and wrong
ways to go about getting best results in working
foreign stations, and it is the intention of this
section to outline a few of them.

The ham who has trouble raising DX stations
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readily may find that poor transmitter efficiency
is not the reason. He may find that his sending
is poor, or his calls ill-timed, or his judgment in
error. When conditions are right to bring in the
DX, and the receiver sensitive enough to bring
in several stations from the desired locality, the
way to work DX is to use the appropriate fre-
quency and timing and ecall these stations, as
against the common practice of calling “CQ
DX.”

The call CQ DX means slightly different things
to amateurs in different bands:

a) On v.h.i., CQ DX is a general call ordi-
narily used only when the band is open, under
favorable “skip” conditions. For v.h.f. work
such a call is used for looking for new states and
countries, also for distances beyond the custom-
ary “line-of-sight’” range on most v.h.f. bands.

b) CQ DX on our 7-, 14-, 21- and 28-Mec. bands
may be taken to mean ““General call to any for-
eign station.” The term “foreign station’ usually
refers to any station in a foreign continent. (Ex-
perienced amateurs in the U. S. A. and Canada
do not use this eall, but answer such calls made
by foreign stations.)

DX OPERATING CODE
(For W/VE Amateurs)

Some amateurs interested in DX work have
caused considerable confusion and QRN in their
efforts to work DX stations. The points below, if
observed by all W/VE amateurs, will go a long way
toward making DX more enjoyable for everybody.

1. Call DX only after he calls CQ, QRZ?, signs
SK, or phone equivalents thereof.

2. Do not call a DX station:

a. On the frequency of the station he is work-
ing until vou are sure the QSO is over. This
is indicated by the ending signal SK on
e.w. and any indication that the operator
is listening, on phone.

. Beeause you hear someone else calling him.
. When he signs KN, AR, CL, or 'phone
equivalents.
d. Exactly on his frequency.
e. After he calls a directional CQ, unless of
course you are in the right direction or area.

3. Keep within frequency-band limits. Some DX
stations operate outside. Perhaps they can get
away with it, but you cannot.

4, Observe calling instructions of DX stations.
“10U " means call ten ke, up from his frequency,
“15D ” means 15 ke. down, ete.

5. Give honest reports. Many foreign stations
depend on W and VE reports for adjustment of
station and equipment.

=3
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6. Keep your signal elean. Key elicks, chirps,
hum or splatter give you a bad reputation and may
get you a citation from FCC.

7. Listen for and call station you want. Calling
CQ DX is not the best assurance that the rare DX
will reply.

8. When there are several W or VI stations wait-
ing to work a DX station, avoid asking him to
“listen for a friend.” Let your friend take his
chances with the rest. Also avoid engaging DX sta-
tions in rag-chews agninst their wishes.
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¢) CQ DX used on 3.5 Me¢. under winter-night
conditions may be used in this same manner. At
other times, under average 3.5-Mc. propagation
conditions, the call may be used in domestic
work when looking for new states or countries in
one's own continent, usually applying to stations
located over 1000 miles distant from you.

The way to work DX is not to use a CQ call
at all (in our continent). Instead, use your best
tuning skill —and listen — and listen — and
listen. You have to hear them before you can work
them. Hear the desired stations first; time your
calls well. Use your utmost skill. A sensitive re-
ceiver is often more important than the power
input in working foreign stations. If you can hear
stations in a particular country or area, chances
are that you will be able to work someone there.

*___DO A LOT OF SNOOPING”

One of the most effective ways to work DX is
to know the operating habits of the DX stations
sought. Doing too much transmitting on the DX
bands is not the way to do this. Again, listening
is effective. Once you know the operating habits
of the DX station you are after you will know
when and where to call, and when to remain
silent waiting your chance.

Some DX stations indicate where they will
tune for replies by usc of “10U”" or “15D.” (Sce
point 4 of the DX Operating Code.) In voice
work the overseas operator may say ‘‘listening
on 14,225 ke.” or “tuning upward from 28,500
ke.” Many a DX station will not reply to a call
on his exact frequency.

ARRL has recommended some operating pro-
cedures to DX stations aimed at controlling
some of the thoughtless operating practices
sometimes used by W/VE amatceurs. A copy of
these recommendations (Operating Aid No. 5)
can be obtained free of charge from ARRIL ITead-
quarters.

In any band, particularly at line-of-sight fre-
quencies, when dircetional antennas are used,
the directional CQ such as CQ W5, CQ north,
ete., is the preferable type of call. Mature ama-
teurs agree that CQ DX is a wishful rather than
a practical type of call for most stations in the
North Americas looking for foreign contacts.
Ordinarily, it is a cause of unnecessary QRM.

Conditions in the transmission medium make
all field strengths from a given region more
nearly equal at a distance, irrespective of power
used. In general, the higher the frequeney band,
the less important power considerations become.
This accounts in part for the relative popularity
of the 14-, 21- and 28-Me. bands among amateurs
who like to work DX.
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KEEP AN ACCURATE AND COMPLETE STATION LOG AT ALL TIMES! F.C.C. REQUIRES IT.

A page from the official ARRL log is shown above, answering every Government requirement in respect o station records.

Bound logs made up in accord with the above form can be obtained from Headquarters for a nominal sum or you can

prepare your own, in which case we offer this form as a suggestion. The ARRL log has a special wire binding and lies
perfectly flat on the table.

@ XEEPING AN AMATEUR
STATION LOG

The FCC requires every amateur to keep a
complete station operating record. It may also
contain records of experimental tests and adjust-
ment data. A stenographer’s notebook can be
ruled with vertical lines in any form to suit the
user. The Federal Communications Commission
requirements are that a log be maintained that
shows (1) the date and time of each transmission,
(2) all ealls and transmissions made (whether
two-way contacts resulted or not), (3) the input

power to the last stage of the transmitter, (4)
the frequency band used, (5) the time of ending
each QSO and the opcrator’s identifyving signa-
ture for responsibility for each session of operat-
ing. Messages may be written in the log or sepa-
rate records kept — but record mrst bhe retained
for one vear as required by the FFCC. For the
convenience of amateur station operators ARRL
stocks both loghooks and message blanks, and if
one uses the official log he is sure to comply fully
with the Government requirements if the pre-
cautions and suggestions included in the log are
followed.

Message Handling

Amateur operators in the United States and
a few other countries enjoy a privilege not avail-
able to amateurs in most countries — that of
handling third-party message traflic. In the early
history of amateur radio in this country, some
amateurs who were among the first to take ad-
vantage of this privilege formed an extensive
relay organization which became known as the
American Radio Relay League.

Thus, amateur message-handling has had a
long and honorable history and, like most serv-
ices, has gone through many periods of develop-
ment and change. Those amateurs who handled
traffic in 1914 would hardly recognize it the way
some of us do it today, just as equipment in
those days was far different from that in use
now. Progress has been made and new methods
have been developed in step with advancement
in communication techniques of all kinds. Ama-
teurs who handled a lot of traffic found that or-
ganized operating schedules were more cffective
than random relays, and as techniques ad-
vanced and messages increased in number, trunk
lines were organized, spot frequencies began to
be used, and there sprang into existence a num-
ber of traffic nets in which many stations oper-
ated on the same frequency to effect wider cov-

erage in less time with fewer relays; but the old
methods are still available to the amateur who
handles only an occasional message.

Although message handling is as old an art as
is amateur radio itself, there are many amateurs
who do not know how to handle a message and
have never done so. As each amateur grows
older and gains experience in the amateur serv-
ice, there is bound to come a time when he will
be called upon to handle a written message,
during a communications emergencey, in casual
contact with one of his many acquaintances on
the air, or as a result of a request from a non-
amateur friend. Regardless of the oceasion, if it
comes to you, vou will want to rise to it! Con-
siderable embarrassment is likely to be experi-
enced by the amateur who finds he not only does
not know the form in which the message should
be prepared, but does not know what to do with
the message once it has been filed or received in
his station.

Traffic work need not be a complicated or
time-consuming activity for the casual or occa-
sional message-handler. Amateurs may partici-
pate in traffic work to whatever extent they wish,
from an occasional message now and then to
becoming a part of organized traffic systems.
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This chapter explains some principles so the
reader may know where to find out more about
the subject and may exercise the message-han-
dling privilege to best effect as the spirit and
opportunity arise.

Responsibility

Amateurs who originate messages for trans-
mission or who receive messages for relay or
delivery should first consider that in doing so
they are accepting the responsibility of clearing
the message from their station on its way to its
destination in the shortest possible time. Forty-
eight hours after filing or receipt is the generally-
accepted rule among traffic-handling amateurs,
but it is obvious that if every amateur who
relayed the message allowed it to remain in his
station this long it might be a long time reaching
its destination. Traffic should be relayed or de-
livered as quickly as possible.

Message Form

Once this responsibility is realized and ac-
cepted, handling the message becomes a matter
of following generally-accepted standards of
form and transmission. For this purpose, each
message is divided into four parts: the preamble,
the address, the text and the signature. Some of
these parts themselves are subdivided. It is nec-
essary in preparing the message for transmission
and in actually transmitting it to know not only
what each part is and what it is for, but to know
in what order it should be transmitted, and to
know the various procedure signals used with it
when sent by c.w. If you are going to send a
message, you may as well send it right.

Standardization is important! There is a great
deal of room for expressing originality and indi-
viduality in amateur radio, but there are also
times and places where such expression can only
cause confusion and inefficiency. Recognizing
the need for standardization in message form
and message transmitting procedures, ARRL
has long since recommended such standards, and
most traffic-interested amateurs have followed
them. In general, these recommendations, and
the various changes they have undergone from
year to year, have been at the request of ama-

THE AMERICAN RADIO RELAY LEAGUE

¢ RADIOGRAM ¢

VIA AMATEUR RADIO
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EL GAJON CALIF

Te DAGYAR JOHNSON
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CANTON OHIO
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Here is an example of a plain-language message in

correct ARRL form. The preamble is always sent as shown:

number, station of origin, check, place of origin, time
filed, date.

'
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teurs participating in this activity, and they are
completely outlined and explained in Operating
an Amateur Radio Station, .a copy of which is
available upon request or by use of the coupon
at the end of this chapter.

Clearing a Message

Amateurs not experienced in message handling
should depend on the experienced message-
handler to get a message through, if it is impor-
tant; but the average amateur can enjoy operat-
ing with a message to be handled cither through
a local traffic net or by free-lancing. The latter
may be accomplished by careful listening for an
amateur station at desired points. directional
CQs, use of the National Calling and Iimergency
frequencies, or by making and keeping a schedule
with another amateur for regular work between
specified points. He may well aim at learning and
enjoying through doing. The joy and accomplish-
ment in thus developing one’s operating skill to
top perfection has a reward all its own.

The best way to clear a message is to put it
into one of the many organized traffic networks,
or to give it to a station who can do so. There
are many amateurs who make the handling of
traffic their principal operating activity, and
many more still who participate in this activity
to a greater or lesser extent. The result is a sys-
tem of traffic nets which spreads to all corners of
the United States and covers most U. S. posses-
sions and Canada. Once a message gets into one
of these nets, regardless of the net’s size or cov-
erage, it i1s systematically routed toward its des-
tination in the shortest possible time.

If you decide to “take the bull by the horns”
and put the message into a traffic net yourself
(and more power to you if you do!), you will
need to know something about how traffic nets
operate, and the special Q signals and procedure
they use to dispatch all traffic with a maximum
of efficiency. Reference to net lists in QS7' (usu-
ally in the November and January issues) will
give you the frequency and operating time of the
net in your section, or of other nets into which
your message can go. Listening for a few minutes
at the time and frequency indicated should ac-
quaint you with enough fundamentals to enable
you to report into the net and indicate your
traffic. From that time on you follow the instrue-
tions of the net control station, who will tell you
when and to whom (and on what frequency, if
different from the net frequency) to send your
message. Since most nets use the special “QN”
signals, it is usually very helpful to have a list
of these before vou (list available from ARRL
Hgq., Operating Aid No. 9).

Network Operation

About this time, you may find that you are
enjoying this type of operating activity and want
to know more about it and increase your pro-
ficiency. Many amateurs are happily “addicted”
to traffic handling after only one or two brief
exposures to it. Much traffic is at present being
conducted by ec.w., since this mode of com-
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munication seems to be popular for record pur-
poses — but this does not mean that high code
speed is a necessary prerequisite to working in
traffic networks. There are many nets organized
specifically for the slow-speed amateur, and most
of the so-called “fast” nets are usually glad to
slow down to accommodate slower operators, es-
pecially those nets at state or section level.

The significant facet of net operation, how-
ever, is that code speed alone does not make for
efficiency — sometimes quite the contrary! A
high-speed operator who does not know net pro-
cedure can “foul up” a net much more com-
pletely and more quickly than can a slcw opera-
tor. It is a proven fact that a bunch of high-speed
operators who are not “savvy” in net operation
cannot accomplish as much during a specified
period as an equal number of slow operators who
know net procedure. Don’t let low code speed
deter you from getting into traffic work. Given
a little time, your speed will reach the point
where you can compete with the best of them.
Concentrate first on learning net procedure, for
most traffic nowadays is handled on nets.

Much traffic is also handled on phone. This
mode is exceptionally well suited to short-range
traffic work and requires knowledge of phonetics
and procedure peculiar to voice operation. Pro-
cedure is of paramount importance on phone,
since the public may be listening. The major
problem, of course, is QRM.

Teamwork is the theme of net operation. The
net which functions most efficiently is the net
in which all participants are thoroughly familiar
with the procedure used, and in which operators
refrain from transmitting except at the direction
of the net control station, and do not occupy time
with extraneous comments, even the exchange
of pleasantries. There is a time and place for
everything. When a net is in session it should
concentrate on handling traffic until all traffic is
cleared. Before or after the net is the time for
rag-chewing and discussion. Some details of net
operation are included in Operaling an Amateur
Radio Station, mentioned earlier, but the whole
story cannot be told. There is no substitute for
actual participation.

The National Traffic System

To facilitate and speed the movement of mes-
sage traffic, there is in existence an integrated
national system by means of which originated
traffic will normally reach its destination area
the same day the message is originated. This sys-
tem uses the local seetion net as a basis. Iiach
seetion net sends a representative to a “‘regional”
net (normally covering a call area) and each
“regional”” net sends a representative to an
“area’ net (normally covering a time zone).
After the area net has cleared all its traffic, its
members then go back to their respective re-
gional nets, where they clear traffic to the various
section net representatives. By means of con-
necting schedules between the area nets, traffic
can flow both ways so that traffic originated on
the West Coast reaches the IEast Coast with a
maximum of dispatch, and vice versa. In general
local section nets function at 1900, regional nets
at 1915, area nets at 2030 and the same or
different regional personnel again at 2130. Some
section nets conduct a late session at 2200 to
eftect traffic delivery the same night. Local
standard time is referred to in each case.

The NTS plan somewhat spreads traffic oppor-
tunity so that casual traffic may be reported into
nets for efficient handling one or two nights per
week, early or late; or the ardent traffic man can
operate in both early and late groups and in
between to roll up impressive totals and speed
traffic reliably to its destination. Old-time traffic
men who prefer a high degree of organization
and teamwork have returned to the traffic game
as a result of the new system. Beginners have
shown more interest in becoming part of a sys-
tem nationwide in scope, in which anyone can
participate. The National Traffic System has
vast and intriguing possibilities as an amateur
service. It is open to any amateur who wishes to
participate.

The above is but the briefest résumé of what
is of necessity a rather complicated arrangement
of nets and schedules. Complete details of the
System and its operation are available to anyone
interested. Just drop a line to ARRL Head-
quarters,

Emergency Communication

One of the most important ways in which the
amateur serves the publie, thus making his ex-
istenee a national asset, is by his preparation for
and his participation in communications emer-
gencies. Every amateur, regardless of the extent
of his normal operating activities, should give
some thought to the possibility of his being the
only means of communication should his com-
munity be cut off from the outside world. It has
happened many times, often in the most unlikely
places; it has happened without warning, finding
some amateurs totally unprepared; it can happen
to you. Are you ready?

There are two principal ways in which any
amateur can prepare himself for such an even-
tuality. One is to provide himself with equip-

ment capable of operating on any type of emer-
geney power (i.e., either a.c. or d.c.), and equip-

2 i ,,..\I/@ 1y
e B,
THE CROSSROADS

T

WL

573



24 - OPERATING A STATION

ment which can readily be transported to the
scene of disaster. Mobile equipment is especially
desirable in most emergency situations.

Such equipment, regardless of how elaborate
or how modern, is of little use, however, il it
is not used properly and at the right times;
and so another way for an amateur to prepare
himself for emergencies, by no means less im-
portant than the first, is to learn to operate effi-
ctently. Therc are many amateurs who feel that
they know how to operate efficiently but who find
themselves considerably handicapped at the
crucial time by not knowing proper procedure,
by being unable, due to years of casual amateur
operation, to adapt themselves to snappy, ab-
breviated transmissions, and by being unfamiliar
with message form and routing procedures. It is
dangerous to overrate your ability in this respect;
it is far better to assume that you have much to
learn.

In general it can be said that there is more
emergency equipment available than there are
operators who know properly how to operate
during emergency conditions, for such condi-
tions require clipped, terse procedure with com-
plete break-in on c.w. and fast push-to-talk on
phone. The casual rag-chewing aspect of ama-
teur radio, however enjoyable and worth-while
in its place, must be forgotten at such times in
favor of the business at hand. There is only one
way to gain experience in this type of operation,
and that is by practicing it. During an emergency
is no time for practice; it should be done before-
hand, as often as possible, on a regular basis.

This leads up to the necessity for emergency
organization and preparedness. ARRL has long
recognized this necessity and has provided for it.
The Section Communications Manager (whose

address appears on page 6 of every issue of
QST) is empowered to appoint certain qualified
amateurs in his section for the purpose of co-
ordinating emergeney communication organiza-
tion and preparedness in specified areas or com-
munities. This appointee is known as an Emer-
gency Coordinator for the city or town. One is
specified for each community. For coordination
and promotion at scction level a Section Emer-
gency Coordinator arranges for and recom-
mends the appointments of various mergency
Coordinators at activity points throughout the
section. Emergency Coordinators organize ama-
teurs in their communities according to local
needs for emergency communication facilities.

The community amateurs taking part in the
local organization are members of the Amateur
Radio Emergency Corps (AREC). AUl amateurs
are invited to register in the AREC, whether they
are able to play an active part in their local or-
ganization or only a supporting role. Applica-
tion blanks are available from your EC, SEC,
SCM or direct from ARRL Headquarters. In
the event that inquiry reveals no IEmergency
Coordinator appointed for your community,
your SCM would welcome a recommendation
either from yourself or from a radio club of
which you are a member. By holding an amateur
operator license, you have the responsibility both
to your community and to amateur radio to up-
hold the traditions of the service.

Among the League’s publications is a booklet
entitled Emergency Communications. This book-
let, while small in size, contains a wealth of in-
formation on AREC organization and functions
and is invaluable to any amateur participating
in emergency or civil defense work. It is free to
ARIEC members and should be in every ama-

which you can depend.

the eommunity in time of disaster.

directly in the absence of an EC.
state of communications emergency.

ing assistance.

developments.

record.

Before Emergency

PREPARE yourself by providing a transmitter-receiver setup together with an emergency power source upon

TEST both the dependability of your emergency equipment and your own operating ability in the annual ARRL
Simulated Emergency Test and the several annual on-the-air contests, especially Ilield Day.

REGISTER your facilities and your availability with your local ARRL Emergency Coordinator. If your com-
munity has no EC, contact your local civic and relief agencies and explain to them what the Amateur Service offers

In Emergency

LISTEN before you transmit. Never violate this principle.
REPORT at once to your Emergency Coordinator so that he will have up-to-the-minute data on the facilities
available to him. Work with loecal ecivie and relief agencies as the EC suggests, offer these agencies your services

RIESTRICT all on-the-air work in aecordance with FCC regulations, See. 12.156, whenever FCC “declares’ a
QRRR is the official ARRL **land SOS,’" a distress call for emergency only. It is for use only by a station seek-

RESPECT the fact that the success of the amateur effort in emergency depends largely on circuit discipline. The
established Net Control Station should be the supreme authority for priority and traffic routing.

COOPERATE with those we serve. Be ready to help, but stay off the air unless there is a specific job to be done
that you can handle more efficiently than any other station.

COPY all bulletins from W1AW. During time of emergency special bulletins will keep you posted on the latest

After Emergency

REPORT to ARRL Headquarters as soon as possible and as fully as possible so that the Amateur Service can
receive full credit. Amateur Radio has won glowing public tribute in many major disasters since 1919. Maintain this
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teur’s shack. Drop a line to the ARRL Communi-
cations Department if you want a copy, or use
the coupon at the end of this chapter.

The Radio Amateur Civil

Emergency Service

In order to be prepared for any eventuality,
FCC and the Office of Civil and Defense Mobi-
lization (OCDM), in collaboration with ARRL,
have promulgated the Radio Amateur Civil
Emergency Service. RACES is a temporary ama-
teur service, intended primarily to serve civil
defense and to continue operation during any
extreme national emergency, such as war. It
shares certain segments of frequencies with the
regular Amateur Service on a nonexclusive basis.
Its regulations have been made a sub-part of the
familiar amateur regulations; that is, the origi-
nal regulations have become sub-part A, the
RACES regulations being added as sub-part B.
Copies of both parts are included in the latest
edition of the ARRL License Manual.

If every amateur participated, we would still
be far short of the total operating personnel
required properly to implement RACES. As
the service which bears the responsibility for the
sucecessful implementation of this important fune-
tion, we face not only the task of installing (and
in some cases building) the necessary equipment,
but also of the training of thousands of addi-
tional people. This can and should be a function

of the local unit of the Amateur Radio Emer-
gency Corps under its EC and his assistants,
working in close collaboration with the local
civil defense organization.

The first step in organizing RACES locally is
the appointment of a Radio Officer by the local
civil defense director, possibly on the recom-
mendation of his communications officer. A com-
plete and detailed communications plan must
be approved successively by local, state and
OCDM regional directors, by the OCDM Na-
tional office, and by FCC. Once this has been ac-
complished, applications for station authoriza-
tions under this plan can be submitted direct to
FCC. QST will earry further information from
time to time, and ARRL will keep its field officials
fully informed by bulletins as the situation re-
quires. A complete bibliography of QST articles
dealing with the subject of civil defense and
RACES is available upon request from the
ARRL Communications Department.

In the event of war, civil defense will place
great reliance on RACES for radio communica-
tions. RACES is an Amateur Service. Its im-
plementation is logically a function of the Ama-
teur Radio Emergency Corps —an additional
function in peacetime, but probably an exclusive
function in wartime. Therefore, your best oppor-
tunity to be of service will be to register with
your local EC, and to participate actively in the
local ARIEC/RACES program.

ARRL Operating Organization

Amateur operation must have point and con-
structive purpose to win public respect. Each
individual amateur is the ambassador of the
entire fraternity in his public relations and
attitude toward his hobby. ARRL field organi-
zation adds point and purpose to amateur oper-
ating.

The Communications Department of the
League is concerned with the practical opera-
tion of stations in all branches of amateur ac-
tivity. Appointments or awards are available
for rag-chewer, traffic enthusiast, phone operator,
DX man and experimenter.

There are seventy-three ARRL Sections in the
League'’s field organization, which embraces the
United States, Canada and certain other terri-
tory. Operating affairs in each Section are super-
vised by a Section Communications Manager
clected by members in that section for a two-
year term of office. Organization appointments
are made by the section managers, elected as
provided in the Rules and Regulations of the
Communications Department, which accompany
the League’s By-Laws and Articles of Association.
Seetion Communications Managers’ addresses for
all sections are given in full in each issue
of QST. SCMs welcome monthly activity re-
ports from all amateur stations in their jurisdic-
tion.

Whether vour activity embraces phone or
telegraphy, or both, there is a place for you in
League organization.

@ LEADERSHIP POSTS

To advance each type of station work and
group interest in amateur radio, and to develop
practical communications plans with the great-
est success, appointments of leaders and or-
ganizers in particular single-interest fields are
made by SCMs. Ifach leadership post is im-
portant. Each provides activities and assistance
for appointee groups and individual members
along the lines of natural interest. Some posts
further the general ability of amateurs to com-
municate efficiently at all times, by pointing
activity toward networks and round tables,
others are aimed specifically at establishment of
provisions for organizing the amateur service as
a stand-by communications group to serve the
public in disaster, civil defense need or emer-
gency of any sort. The SCM appoints the follow-
ing in accordance with section needs and in-
dividual qualifications:

PAM Phone Activities Manager. Organizes activities for

OPSs and voice operators in his section. Promotes

phone nets and recruits OPSs.

Route Manager. Organizes and coordinates e.w.

traffic activities. Supervises and promotes nets and

recruits ORSs.

Section Emergency Coordinator. Promotes and

administers section emergency radio organization.

EC Emergency Coordinator. Organizes amateurs of a
community or other local area for emergency radio
service; maintainsliaison with officialsand agencies
served; also with other local communication
facilities. Sponsors tests, recruits for AREC and
encourages alignment with RACES.

RM

SEC
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@ STATION APPOINTMENTS

ARRI’s field organization has a place for
every active amateur who has a station. The
Communications Department organization exists
to increase individual enjoyment and station
effectiveness in amateur radio work, and we ex-
tend a cordial invitation to every amateur to
participate fully in the activities and to apply to
the SCM for one of the following station ap-
pointments. ARRL membership and the Geperal
Class license or VIE equivalent is prerequisite to
appointments, except OES is available to Novice/
Technician grades.

WELL FIND
ONETO FIT You

OPS

Official Phone Station. Sets high voice operating
standards and procedures, furthers phone nets and
traffic.

ORS Official Relay Station. Traflic service, operates ¢.w.
nets; noted for 15 w.p.m. and procedure ahility.

OBS Official Bulletin Station. Transmits ARRL and
FCC bulletin information to amateurs

OES Official Experimental Station. Collects and reports

v,h.f.-u.h.f.-s.h.f. propagaticn data, may engage
in faesimile, TT, TV, work on 50 Mec. and/or
above. Takes part as feasible in v.h.f. traffic work,
reports same, supports v.h.f. nets, ohserves pro-
cedure standards.

00 Official Observer. Sends cooperative notices to
amateurs to assist in frequency observance, insures
high-quality signals. and prevents FCC trouble.

Emblem Colors

Members wear the ARRL emblem with black-
enamel background. A red background for an em-
blem will indicate that the wearer is SCM. SECs,
ECs, RMs, and PAMSs may wear the emblem with
green background. Observers and all station ap-
pointees are entitled to wear blue emblems.

@ SECTION NETS

Amateurs can add much experience and pleas-
ure to their own amateur lives, and substance
and accomplishment to the credit of all of ama-

teur radio, when organized into effective inter-
connection of cities and towns.

The successful operation of a net depends a
lot on the Net Control Station. This station
should be chosen earefully and be one that will
not hesitate to enforce each and every net rule
and set the example in his own operation.

A progressive net grows, obtaining new men-
bers both direetly and through other net mem-
bers. Bulletins may be issued at intervals to keep
in direect contact with the members regarding
general net activity, to keep tab on net procedure,
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make suggestions for improvement, keep track of
active members and weed out inactive ones.

A National Traffic System is sponsored by
ARRL to facilitate the over-all expeditious relay
and delivery of message traffic. The system recog-
nizes the need for handling traffic beyond the
section-level networks that have the popular
support of both phone and c.w. groups. (OPS
and ORS) throughout the League’s field organiza-
tion. Arca and regional provisions for NTS are
furthered by Headquarters correspondence. The
ARRL Net Directory, revised in December each
vear, includes the frequencies and times of op-
eration of the hundreds of different nets operating
on amateur band frequencies.

Radio Club Affiliation

ARRL is pleased to grant affiliation to any
amateur society having (1) at least 519, of the
voting club membership as full members of the
League, and (2) at least 519, of members govern-
ment-licensed radio amateurs. In high school
radio clubs bearing the school name, the first above
requirement is modified to require one full mem-
ber of ARRL in the club. Where a society has
common aims and wishes to add strength to
that of other club groups and strengthen amateur
radio by affiliation with the national amateur
organization, a request addressed to the Com-
munications Manager will bring the necessary
forms and information to initiate the application
for affiliation. Such clubs receive field-organiza-
tion bulletins and special information at intervals
for posting on club bulletin boards or for relay to
their memberships. A travel plan providing com-
munications, technical and secretarial contact
from the Headquarters is worked out seasonally
to give maximum benefits to as many as possible
of the several hundred active affiliated radio
clubs. Papers on club work, suggestions for
organizing, for constitutions, for radio courses of
study, ete., are available on request.

Club Training Aids

One section of the ARRL Communications
Department handles the Training Aids Pro-
gram. This program is a service to ARRL affili-
ated clubs. Material is aimed at education, train-
ing and entertainment of club members.Interesting
quiz material is available.

Training Aids include such items as motion-
picture films, film strips, slides, audio tapes and
lecture outlines. Bookings are limited to ARRL-
affiliated clubs, since the visual aids listings are
not sufficiently extensive to permit such services
to other groups.

Al Training Aids materials are loaned free
(except for shipping charges) to ARRL affiliated
clubs. Numerous groups use this ARRL service
to good advantage. If your club is affiliated but
has not vet taken advantage of this service, you
are missing a good chance to add the available
features to your meeting programs and general
club activities. Watch club bulletins and QST
or write the ARRL Communications Depart-
ment for TA-21 and TA-32.



Operating Activities and Awards

@® wiaw

The Maxim Memorial Station, W1AW, is
dedicated to fraternity and service. Operated
by the League headquarters, W1AW is located
about four miles south of the Headquarters of-
fices on a seven-acre site. The station is on the air

daily, except holidays, and available time is
d1v1ded between dlffelent bands and modes.
Telegraph
and phone
transmitters

are provided
for all bands
from 1.8 to
144 Mec. The
normal fre-
quencies in
each band

™ for c.w. and
voice transmissions are as follows: 1820, 3555,
3945, 7080, 7255, 14,100, 14,280, 21,075, 21,330,
28,080, 29,000, 50,900 and 145,600 ke. Operating-
visiting hours and the station schedule are listed
every other month in QST

Operation is roughly proportional to amateur
interest in different bands and modes, with one
kw. except on 160 and v.h.f. bands. W1AW’s
daily bulletins and code practice aim to give op-
erational help to the largest number.

All amateurs are invited to visit W1AW, as
well as to work the station from their own
shacks. The station was established to be a liv-
ing memorial to Hiram Perey Maxim and to carry
on the work and traditions of amateur radio.

@ OPERATING ACTIVITIES

Within the ARRL field organization there are
several special activities. First week ends of each
month are often occasions for ARRL officials,
officers and directors to get together over the air
from their own stations. This activity is known
to the gang as the LO (League officials) party.
For all appointees, quarterly CD parties are
scheduled additionally to develop operating abil-
ity and a spirtt of fraternalism.

In addition to those for appointees and officials,
ARRL sponsors various other activities open to
all amateurs. The DX-minded amateur may par-
ticipate in the Annual ARRL International DX
Competition during February and March. This
popular contest may bring you the thrill of work-
ing new countries and building up vour DXCC
totals; certificate awards are offered to top scorers
in each country and ARRL section (see page 6
of any @ST) and to club leaders. Then there is
the ever-popular Sweepstakes in November. Of
domestic scope, the SS affords the opportunity to
work new states for that WAS award. A Novice
activity is planned annually. The interests of
v.h.f. enthusiasts are also provided for in contests
held in January, June and September of each
year. Where enough logs (three) are received to
constitute minimum ‘‘competition’’ a certificate
in spot activities, such as the “SS”’ and v.h.f.
party, is awarded the leading newcomer for his

work considered only in competition with other
newcomers.

As in all our operating, the idea of having a
good time is combined in the Annual Field Day
with the more serious thought of preparing our-
selves to render public service in times of emer-
gency. A premium is placed on the use of equip-
ment without connection to commercial power
sources. Clubs and individual groups always en-
joy themselves in the “FD,” and learn much
about the requirements for operating under
knockabout conditions afield.

ARRIL contest activities are diversified to
appeal to all opemting in‘ruests, and will be
found announced in detail in issues of QST
preceding the different events.

@ AwarDs

The League-sponsored operating activities
heretofore mentioned have useful objectives
and provide much enjoyment for members of
the fraternity. Achievement in amateur radio
is recognized by wvarious certificates offered
through the League and detailed below.

WAS Award
WAS means “Worked All States.” This
award is available regardless of affiliation or
nonaffiliation with any organization. Here are
the simple rules to follow in going after your
WAS:

1) Two-way comimunication must be established on the
amateur bands with each of the states; any and all amateur
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bands may be used. A card from the District of Columbia
may be submitted in lieu of one from Maryland.

2) Contacts with all states must be made from the same
location. Within a given community one location may be
defined as from places no two of which are more than 25
miles apart.

3) Contacts may be made over any pericd of years, pro-
vided only that all contacts are from the same location, and
except that only contacts with Alaska dated January 3,
1959 or later count, and only contacts with Hawaii dated
August 21, 1959 or later count.

4) QSL cards, or other written communications from
stations worked confirming the necessary two-way con-
tacts, must be submitted by the applicant to ARRL head-
quarters.

5) Sufficient postage must be sent with the confirmations
to finance their return. No correspondence will be returned
unless sufficient postage is furnished.

5) The WAS award is available to all amateurs. It is re-
quired that the confirmations submitted be placed alpha-
betecally in order by states.

7) Address all applications and econfirmations to the
Communieations Department, ARRL, 38 La Salle Road,
West Hartford, Conn.

DX Century Club Award
Here are the rules under which the DX Cen-
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tury Club Award will be issued to amateurs who
have worked and confirmed contact with 100
countries in the postwar period.

1) The DX Century Club Award Certificate for con-
firmed contacts with 100 or more countries is available to
all amateurs everywhere in the world.

2) Confirmations must be submitted direct to ARRL
headquarters for all countries claimed. Claims for a total of
100 countries must be included with first application. Con-
firmation from foreign contest logs may be requested in the
case of the ARRL International DX Competition only,
subject to the following conditions:

a) Sufficient confirmations of other types must be sub-
mitted so that these, plus the DX Contest confirmations,
will total 100. In every case, Contest confirmations must
not be requested for any countries from which the applicant
has regular confirmations. That is, contest confirmations
will be granted only in the case of countries from which
applicants have no regular eonfirmations.

b) Look up the contest results as published in QST to
see if your man is listed in the foreign scores. If he isn't, he
did not send in a log and no confirmation is possible.

¢) Give year of contest, date and time of QSO.

d) In future DX Contests do not request confirmations
until after the final results have been published, usually in
one of the early full issues. Requests before this time must
be ignored.

3) The ARRL Countries List, printed periodiéa‘lly in
QST, will be used in determining what constitutes a *‘ coun-
try.”” This chapter contains the Postwar Countries List.

4) Confirmations must be accompanied by a list of
claimed countries and stations to aid in checking and for
future reference.

5) Confirmations from additional countries may be sub-
mitted for eredit each time ten additional econfirmations are
available. Endorsements for affixing to certificates and
showing the new confirmed total (110, 120, 130, cte.) will be
awarded as additional credits are granted. ARRL DX
Competition logs from foreign stations may be utilized for
these endorsements, subject to eonditions stated under (2).

6) All contacts must be made with amateur stations
working in the authorized amateur bands or with other sta-
tions licensed to work amateurs.

7) In cases of countries where amateurs are licensed in
the normal manner, ecredit may be claimed only for stations
using regular government-assigned eall letters. No credit
may be claimed for contacts with stations in any countries
in which amateurs have been temporarily closed down by
special government edict where amateur licenses were for-
merly issued in the normal manner.

8) All stations contacted must be ‘‘land stations”
contacts with ships, anchored or otherwise, and aircraft,
cannot be counted,

9) All stations must be contacted from the same call
area, where such areas exist, or from the same country in
cases where there are no call areas. One exception is allowed
to this rule: where a station is moved from one call area to
another, or from one country to another, all contacts must
be made from within a radius of 150 miles of the initial
location.

10) Contacts may be made over any period of years from
November 15, 1945, provided only that all contacts be made
under the provisions of Rule 9, and by the same station
licensee; eontacts may have been made under different call
letters in the same area (or country), if the licensee for all
was the same.

11) Any altered or forged confirmations submitted for
CC credit will result in disquaiification of the applicant.
The eligibility of any DXCC applicant who was ever barred
from DXCC to reapply, and the conditions for such appli-
cation, shall be determined by the Awards Committee. Any
holder of the Century Club Award submitting forged or
altered confirmations must forfeit his right to be considered
for further endorsements.

12) Operating ethics: Fair play and good sportsmanship
in operating are required of all amateurs working toward
the DX Century Club Award. In the event of specific objec-
tions relative to continued poor operating ethics an indi-
vidual may be disqualified from the DXCC by aetion of the
ARRL Awards Committee.

13) Sufficient postage for the return of confirmations
must be forwarded witb the application. In order to insure
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the safe return of large batches of confirmations, it is sug-
gested that enough postage be sent to make possible their
return by first-cluss mail, registered.

14) Decisions of the ARRL Awards Committee regard-
ing interpretation of the rules as here printed or later
amended shall be final.

15) Address all applications and confirmations to the
Communications Department, ARRL, 38 La Salle Road,
West Hartford 7, Conn.

WAC Award

The WAC award, Worked All Continents, is
issued by the International Amateur Radio
Union (IARU) upon proof of contact with each
of the six continents. Amateurs in the U.S.A.,
Possessions and Canada should apply for the
award through ARRL, headquarters society of
the TARU. Those elsewhere must submit direct
to their own IARU member-society. Residents of
countries not represented in the Union may
apply directly to ARRL for the award. Two basic
types of WAC certificates are issued. One con-
tains no endorsements and is awarded for c.w.,
or a combination of c.w. and phone contacts; the
other is awarded when all work is done on
phone. There is a special endorsement to the
phone WAC when all of the confirmations sub-
mitted clearly indicate that the work was done on
two-way s.8.b. The only special band endorse-
ments are for 3.5 and 50 Me. '

Code Proficiency Award

Many hams can follow the general idea of a
contact “by car” but when pressed to ‘“write
it down” they “muff” the copy. The Code
Proficiency Award permits each amateur to
prove himself as a proficient operator, and sets
up a system of awards for step-by-step gains
in copying proficiency. It enables every amateur
to cheeck his code proficieney, to better that pro-
ficiency, and to receive a certification of his re-
ceiving speed.

This program is a whale of a lot of fun. The
League will give a certificate to any licensed
radioc amateur who demonstrates that he can
copy perfectly, for at least one minute, plain-lan-
guage Continental code at 10, 15, 20, 25, 30 or 35

Fhe American Radio Rebay lmgue, Ine. * -

Wiay Harrraws, Onomersaer, 1S, 8.
mwmawmxwwtm
By dhie werit s rppanded nd 5o shose alivinnal quabionsias, vho Comanani

D«r-mu of dhe Aumm Retia Rebiy Tougue wapremes i recaguivion of wagr wsd proyoess iy
- weile prabisisnry on the pust af

HOMR ERETH, WREXE

ko B dhis o demamtenod il s b i of the s sntcnn rooegion by e of e
Tnvessscbosu Morss ec Condsons] Code. Qe examision of csipy e o vk 5 capying
Ly uas idlicnwe
46 ac et oat miasce of

e o
ok o bk ol b,msa..A KL

W19 T BT 6T e MR T8 e

Jmhrm,.h.,‘r&gm»u- apoedoal UG wends pox wisnes fac s proiak
toab woensgies five charnirors 1 the ward.
from WIAW,  Juse dn, 1948 .

words per minute, as transmitted during special
monthly transmissions from W1AW and W6OWP.

As part of the ARRIL Code Proficiency pro-
gram WIAW transmits plain-language practice
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material each evening at speeds from 5 to 35
w.p.m. All amateurs are invited to use these
transmissions to Increase their code-copying
ability. Non-amateurs are invited to utilize the
lower speeds, 5, 714 and 10 w.p.m., which are
transmitted for the benefit of persons studying
the code in preparation for the amateur license
examination. Refer to any issue of QST for
details of the practice schedule.

Rag Chewers Club

The Rag Chewers Club is designed to en-
courage friendly contacts and discourage the
“hello-good-by "’ type of QS0. It furthers frater-
nalism through amateur radio. Membership cer-
tificates are awarded.

How To Get in: (1) Chew the rag with a member of the
club for at least a solid half hour. This does not mean a half
hour spent in trying to get a message over through bad
QRM or QRN, but a solid half hour of conversation or mes-
sage handling. (2) Report the conversation by card to The
Rag Chewers Club, ARRL, Communications Department,
West Hartford, Conn., and ask the member station you talk
with to do the same. When both reporés are received you
will be sent a membership certificate entitling you to all the
privileges of a Rag Chewer.

How To Stay in: (1) Be a conversationalist on the air in-
stead of one of those tongue-tied infants who don’t know any
words except “cuagn’ or “eul,”’ or “QRU” or "“nil."”" Talk
to the fellows you work with and get to know them. (2)
Operate your station in aceordance with the radio laws and
ARRL practice. (3) Observe rules of courtesy on the air.
(4) Sign “RCC" after each call so that others may know
you can talk as well as call.

A-1 Operator Club

The A-1 Operator Club should include in its
ranks every good operator. To become a mem-
ber, one must be nominated by at least two
operators who already belong. General keying
or voice technique, procedure, copying ability,
judgment and courtesy all count in rating candi-
dates under the club rules detailed at length in
Operating an Amateuwr Radio Station. Aim to
make yourself a fine operator, and one of these
days you may be pleasantly surprised by an invi-
tation to belong to the A-1 Operator Club, which
carries a worth-while certificate in its own right.

Brass Pounders League

Every individual reporting more than a speci-

fied minimum in official monthly traffic totals is
given an honor place in the QST listing known
as the Brass Pounders League and a certificate
to recognize his performance is furnished by the
SCM. In addition, a BPL Traffic Award (medal-
lion) is given to individual amateurs working at
their own stations after the third time they
“make BPL" provided it is duly reported to the
SCM and recorded in QS7T.

The value to amateurs in operator training,
and the utility of amateur message handling
to the members of the fraternity itself as well as
to the general public, make message-handling
work of prime importance to the fraternity.
Fun, enjoyment, and the feeling of having done
something really worth while for one’s fellows is
accentuated by pride in message files, records,
and letters from those served.

Old Timers Club

The Old Timers Club is open to anyone who
holds an amateur call at the present time, and
who held an amateur license (operator or sta-
tion) 20-or-more years ago. Lapses in activity
during the intervening years are permitted.

If you can qualify as an “Old Timer,” send
an outline of your ham career. Indicate the date
of your first amateur license and your present
call. If eligible for the OTC, you will be added to
the roster and will receive a membership cer-
tificate.

@ nvITATION

Amateur radio is capable of giving enjoy-
ment, self-training, social and organization bene-
fits in proportion to what the individual amateur
puts into his hobby. All amateurs are invited to
become ARRL members, to work toward awards,
and to accept the challenge and invitation of-
fered in field-organization appointments. Drop
a line to ARRL Headquarters for the booklet
Operating an Amateur Radio Station, which has
detailed information on the field-organization ap-
pointments and awards. Accept today the invita-
tion to take full part in all League activities and
organization work.

CONELRAD COMPLIANCE

The FCC rules for the Amateur Service concerned with requirements in the event of enemy
attack are contained in the ARRL License Manual as part of the amateur regulations, Sections
12.190 through 12.196. These are the rules for control of electromagnetic radiation, conelrad,
to minimize radio navigational aids to an enemy. Read and follow these rules. They concern you.

Amateurs are required to shut down when a Conelrad Radio Alert is indicated. FCC requires
monitoring, by some means, of a broadcast station while you operate. By use of proper equip-
ment, each amateur can make his conelrad compliance routine and almost automatic. You
will find descriptions of such devices, most of them quite simple, in this Handbook and in QST'.
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Operating Abbreviations and Prefixes

@ o sieNALs

Given below are a number of Q signals whose
meanings most often need to be expressed with
brevity and clearness in amateur work. (Q ab-
breviations take the form of questions only when
each is sent followed by a question mark.)

QRG Will you tell me my exact frequency (or that
of: sann s 8 )? Your exact frequency (or that
of...... Yis...... ke.

QRH Does my frequency vary? Your frequency varies.

QRI How is the tone of my transmission? The tone of
your transmission is..... (1. Good; 2. Variable;
3. Bad).

QRK What is the readability of mmy signals (or those
(s TR )? The readability of your signals (or
those of. .. .. Yis..... (1. Unreadable; 2. Read-
able now and then; 3. Readable but with dif-
ficulty; 4. Readable; 5. Perfectly readable).

QRL Are you busy? I am busy (or [ am busy with
...... ). Please do not interfere.

QRM  Areyou being interfered with? I am interfered with.

QRN Are you troubled by static? I am being troubled
by statie.

QRO Must I inerease power? Increase power.

QRP Must I decrease power? Decrease power.

QRQ Shall I send faster? Send faster (...... words per
min.).

QRS Shall I send more slowly? Send more slowly (....
w.p.. ),

QRT Shall I stop sending? Stop sending.

QRU Have you any thing for me? I have nothing for you.

QRV Are you ready? I am ready.

QRW Shall T tell..... that you are calling him on
..... ke.? Please inform. . .. .that I am calling
him on..... ke.

QRX When will you eall me again? I will eall you again
at...... hours (on........ ke.).

QRZ Who is calling me? You are being called by.....
(on...... ke.).

QSA What is the strength of my signals (or those of
...... )? The strength of your signals (or those
(1) ) T - S (1. Secarcely perceptible; 2.
Weak; 3. Fairly good; 4. Good; 5. Very good).

QSB Are my signals fading? Your signals are fading.

QsD Is my keying defective? Your keying is defective.

QSG Shall I send..... messages at a time? Send.....
messages at a time.

QSL Can you acknowledge receipt? I am acknowledging
receipt.

QSM Shall I repeat the last message which I sent you,
or some previous message? Repeat the last
message which you sent me [or message(s)
number(s)..... L

QSO Can you communicate with. . . .direct or by relay?
I can communicate with..... direct (or by relay
through..... ).

Qsp Will you relay to..... ? I will relay to. ...

QSV Shall I send a series of Vs on this frequency (or
....ke.)? Bend a series of Vs on this frequency
(or..... ke.).

QSW  Will you send on this frequency (or on....ke.)?
I am going to send on this frequency (or on
..... ke.).

QsX ‘Will you listen to..... OD..... ke.? I am listening
 {c IO ONl.ven. ke.

QSY Shall I change to transmission on another fre-
quency? Change to transmission on another
frequency (or on. .. .ke.).

QSZ Shall I send each word or group more than once?
Send each word or group twice (or. .. .times).

QTA Shall I cancel message number. .. .as if it had not
been sent? Cancel message number. .. .. as if it
had not been sent.

QTB Do you agree with iy counting of words? I do not
agree with your counting of words; I will repeat
the first letter or digit of each word or group.

QTC How many messages have you to send? I have. ...
messages for you (or for.....).

QTH What is your location? My location is.....

QTR What is the exact time? The time is......

Special abbreviations adopted by ARRL:

QST

General call preceding a message addressed to all
amateurs and ARRL members. This is in effect
“CQ ARRL.”

QRRR Official ARRL ‘“land SOS.” A distress call for

emergency use only by a station in an emergency
situation.

1 — Unreadable,
2 — Barely readable, oceasional words distinguish-

3 — Readable with considerable difficulty.
4 — Readable with practieally no difficulty.
5 — Perfectly readable.

1 — Faint signals, barely perceptible.
2 — Very weak signals.

3 — Wealk signals.

4 — Fair signals.

5 — Fairly zood signals.

6 — Good signals.

7 — Moderately strong signals.

8 — Strong signals.

9 — Extremely strong signals.

1 — Extremely rough hissing note.

2 — Very rough a.c. note, no trace of musicality.

3 — Roneh low-pitehed a.c. note, slightly musieal.
4 — Rather rough a.c. note, moderately musical.

5 — Musically-modulated note.

6 — Modulated note, slight trace of whistle.

7 — Neuar d.e. note, smooth ripple.

8 — Good d.c. note, just a trace of ripple.

9 — Purest d.c. note.

THE R-S-T SYSTEM

READABILITY

able.

SIGNAL STRENGTH

TONE

If the signal has the characteristic steadiness of
crystal control, add the letter X to the RST report.
If there is a chirp, the letter C may be added to so
indicate. Similarly for a click, add K. The above
reporting system is used on both c.w. and voice,
leaving out the *‘tone’’ report on voice.




A.R.R.L. COUNTRIES LIST ¢ Official List for ARRL Postwar DXCC

I e T . Sikkim

........................ Tibet

...................... Bhutan

..................... Pakistan

......... Formosa

...... China

.Manchuria

......................... Chile
CEQ KC4, LU-Z, VKB,

VPS £L5 [ T Antarctica
CE9......cooviieni . (See VP8)
CEB:\ e, Easter Island
CE@Z . . .Juan Fernandez Archipelago
CM,CO. ... ieremnanrnenns uba

IND e o ssinng & wobid 3 & o % winid @ 3 Tangier
CONB;, ONG: ccimns 00 055 4 5s Morocco

Piiotivo s 5 6 505 Dot GaEhg § Bolivia

CR4...........Cape Verde Islands
CR5............Portuguese Guinea

R iien s s Principe, Sao Thome
............... Angola
Mozambique
CRB: w2 v s Goa (Portuguese India)
RO, i o o st s o o wsis Macao
B L, P —— Portuguese Timor
G 5 « « v oreses & wavs & ssecsny & mow Portugal
CT2. . it iieneerennnnd Azores
CT3..............Madeira Islands
CX it Uruguay
DJ, DL, DM............. Germany
DU........ .. Philippine Islands
......................... Spain
Balearic Islands
. .Canary Islands
............ Ifni
................... Rio de Oro
BAD, ¢ vouve pmin waas Spanish Morocco
BHAB. . vovsivivmpas Spanish Guinea
EL............. Republic of Ireland
T Liberia
EQ. . . i Iran
E O e 3 ) T A ) e ) U Eritrea
ET3. .. i Ethiopia
B France
FA . e Algeria
FBS8. . Amsterdam & St. Paul Islands
FB8............... Comuro Islunds
"B8 L
1'(J (unofficial) . . . .......... Corsici
......................... Togo
FES. <o s . French Cameroons
FE8. .. ......... " French West Africa
FGQT. ..0coue . Guadeloupe
FI8. ... ......... " French Indo-China
FK8.......covvn.. New Caledonia
FL8. ........... French Somaliland
FM7. ... .. Martinigue
FN. ... French India
FO8............. Clipperton Island
OB, . .5 ieni s menas French Oceania
FP8. ..St. Pierre & Miquelon Islunds
FQB: iinzs: French Equatorial Africa
2D L A s Reunion Island
BBTo oo speit o wim & 2 pam s Saint Martin
FUB, YJl. . oo vanss New Hebrides
BWR. .o s s Wallis & IFutuna Islands
FEYT7. ..vouuu French Guiana & Inini
T England
{10 S Channel Islands
(:l) ................... Isle of Man

Northern Ireland
Scotland
Wales

HE: = 5 vas 5 caws £ g 8 @ e F( lhl.tl()r
MO8 vssammmes = o Galapagos Islands
HI i s 6 sire v wrenans o s Liechtenstein
HHE . oo s s svalh & avaon s a5 5 wana 6 [aiti
21— Domniinican Republie
HIC, ;& e o wimnes 5o 6 2 g0 Colombia
HIKKd. .... Archipelago of San Andres
and Providencia
........................ Korea
.......... Panama

Honduras

...................... Thailand

...................... ItkLl\
........................ Trieste
I5..............Italian Somaliland
Wi goie 6 4% wdtars o & et & W v o Sardinia
A BA, o scn o omws 2o s o Japan
TP e 5 samoe © sz o s a6 Mongolia
TN o cnein s ien u = ape 5 pemE s v Jordan
JZB, - v os Netherlands New Guinea
I\Z, W..o.... United States of America

B 0 (Sce JA)
KA#®, KG6I.Bonin & Volcano Islands
KB6. .Baker, Howland & American

Phoenix Islands

KCa..... coneaovinrn- (See CEE9)
KO, . . e e e o 5s Navassa Island
KC6....... .Eastern Caroline Islands

KGl.....ooviviiiiinn... (See OX)
KG4............. Guantanamo Bay
KG6.............. Mariana Islands
KG6I—. .. ............. (See KAM)
KH6.............Hawaiian Islands
e Johnston Island
BIIET e o 5 g B smes & Wisve 2 S Alaska
G L Midway Islands
e Puerto Rico
KP6. .. Palmyra Group, Jarvis Island
KRG, .. ... . ...... Ryukyu Islands
S4B . Serrana Bank & Roncador Cay
KS4. .. .. ... ........... Swan Island
KS6.............. American Samoa
KVa. . . Virgin Islands
KW6.,. .. ... ... ...... Wake Island
KX6............. Marshall Islands
BB o v v v itn v wimoi o siees o s Canal Zone
LA....................Jan Mayen
Bl o oz stam 3 50 § 8 e & pdhert & Norway
Lo % i o 69 & 06 % 8 556 T s Svalbard
Nl s v s ¢ siwe sousm ol Argentina
LUS%Z oo iy oo s .(See CEY, VPS8)
Lo oovov i b vwvaigs v fras 4 & .Lu.\;vmhourg
Db vv i o v v amtara b iimait © sigli & Bulgaria
T San Marino
NP . . o o v omonn v s 5 Bahrein Island
WIHEEL o 5 o o & R 0 G T O Qatar
MPR. .o virvon s v 5 016 Trueial Oman
OA Peru
OD5. ... Lebanon
O . 2 Austria

O B e 5 senie & i Belgian Congo
O, KGT o . s v s b« ains Greenland
....................... Fueroes
...................... Denmark

l’ \H PIL. o iocnicnoams Netherlands
........ Netherlands West Indies
Pf M= o o s e e s Sint Maarten
S 2 B benorin 1 0 (o 7 23 0 5 € D ava
PIK4. ... oo Sumatra
PIK6. ... .. Netherlands Borneo
PIKG. . ... Celebes & Molucca Islands
PX . Andorra
BN ot bsienun o dusraiio s ot o i 5 o o Brazil
PYB: 2005 as Fernando de Naronha
PY#. Trinidade & Martin Vaz Islands
P oo 5 oinin o Netherlands Guiana
By BM o wman & 5 vem o @ o 5 5 6 Sweden
B o o & o w smens s s 5 % 4 Poland
3 . Sudan
S 5 6 05 5 0 oo v @ s w B B o Egvpt
SV e Crete
SV . Dodecanese
BY . i e v e e (ircece
O L e et o] e ) 51 G Turkey
TF . Iceland
TG Guatemala
i 1 Costa Rica
TI9. o Cocos Island

UAL 2, 3, 4, 6....European Russian
Socialist Federated Soviet Republic

EIE o o vsan o poann 3 Franz Josef Land
UA9, B..... Asiatic Russian S.F.S.R.
AL o . Wrangel Island
UBDG oo wviomng ms pon g smg o Ukraine
| B R White Russian S.8.R.
UD6...................Azerbaijan
UG, .. oo i i CGieorgia

UGH. . Armenia
UIIS “urkoman
L0 Uzbek
LRI 8 5025 & 900 & Dol 5 5 Spiwin & 0 Tadzhik
WL i 5 5 i % @ v s & 055 5 3 oo Kazakh
UMS. .. . Kirghiz
UNL: . icans " Karelo-TFinnish Rumlbhu
HO8: » o v vman v vans s omme @ 2 Moldavia
U2 cinin v s v 5 & & smma Lithuania
QD v v vaas w avwoatn w wams 5 @ e Latvia
UH Pl soevs 5 R wveE § e & 6 TR Estonia
VIL, VO, .. Canada
VIS, .Australia (ineluding Tasmania)
VIS, ... Lord lHowe Isl
VIKY, ZC3......... Christmas

SO Cocos Islands
VIKO. . oo Nanru Island
VKO, ... ... ... Norfolk Island
VK. ... Papua Territory
VES: iiss: Territory of New Guinea
VI ¢ vv 550w s s s i (See CLI9)
NWACH. 4 s civa a4 v vvam s Heard Island
VE®: . . ¢ covs v wnn Macquarie Island
VO. . .. (See VE)
VB e w5 5 s British Honduras
VP2, . Anguilla
VP2, .. e d Antigua, Barbuda
VP2, ... ... .. British Virgin Islands
VP2, . e Dominica
VP2, . ..., Granada & Dependencies
VEZ i 3 fiies & w9ins § S & Montserrat
VP2 o cowoimsay v a2 St. Kitts, Nevis
VP2 on o somie s 5 msp dives o St. Lucia

VP2, ....8t. Vincent &“Dgpgngeqcies

VP4, ... ........ Trinidad & Tobago
VP5. .. Jamaica
(including Cayman Isls.)

VP&, ... .00. Turks & Caicos Islands
VPR 5082 50h « rmmn nopmn Barbados
.. .Bahama Islands
.................... (See CE9)
o R Falkland Islands
VP8, LU-Z. .South Georgia
VP8, LU-Z. QOuth Orl\ney Islands
VPS8, LU-Z. . South Sandwich Islands
VP, LU-Z, CE. .o
South Shetland Islands

VPO, . einrvinnns Bermuda Islands
VQI. . Zanzibar
vQ2. ... ... ... Northern Rhodesia
VQ3......... Tanganyika Territory
O R Kenya
VQ) ...................... Uganda
NOB. i vvvoingss British Somaliland
VOB, . vcviiviiwsaes Chagos Islands
o e Mauritius
NOB. conisanas v s Rodriguez Island
N - o o v s cnn spn wg wan Seychelles
VRL. ..o British Pheenix Islands
VIR 5 v o nw Gilbert & Ellice Islands
& Ocean Island

VR2. ... .o IFiji Islands

VR3. I“anmng & Christmas Islands
e .Solomon lslands
................ Tonga Islands
e Pitcairn Island
.......... Singapore
......... (See GN2)
By 6 s % A 8 % SRR S BT e s Sarawak
Bon g 5§ 5 0% » & 280 § Rost s s Brunei
................... Hong Kong
..Aden & Socotra
.Maldive Islands

VE8.iu 06w nnn " Sultanate of Oman
VUR: o vvmi v s v s v 5 v w6 India
VU4, .. .. ... ... Laceadive Islands
VUS. . Andaman and Nicobar Islands
WY e o aiern 3 atie e E 5 @ s (Ree K)
XE XF. .o Mexico
XE4. . Revilla Gigedo
XVO. i (See 3W8)
XWEB. e, Laos
K72, e i 6 5070 5 6.657% 5 v nime o symiasm Burma
N0 5 h s e @ i 5 Ban T e Afghanistan
D Iraq

A e (See FITS)
NN o o nsnn v e s ¥ ot o o iati & 4 Syria
YN, YN@............... Nicaragua
YO. . ..o e .Roumania
Bl 100 o o e XTI O S & B 28 Salvador
WL, e e o0 comin ¢ wsiops o smscen 5 Yugoslavia
O, Venezuela
YV@. ... ..............Aves Island
ZA . S Albania
ZBLl. .. Malta
LB (0 e 5 imin o 5 dumg o remsmrn o nye Gibraltar
Zi0B0 s iiai & saise & e S 5 (See VK9)
G P Ty Cyprus
VA B e Ay British North Borneo
ZOG, 4X4. .o vuinnn i Palestine
B - v siami & 5 oo & clins Sierra Leone
LNV o s v i v oaane ¥ uiomi = vigs § = 0 Nigeria
LB o vain s oran % v s @ s L 5e Gambia
LD o o v s s s e @ ne (See 9G1)
/1 Gold Coast, Togoland

ZD6. .. Nyasaland
. Helena
Ascension Island

ZD9. ... istan da Cunha &
Gough Islands

B v v v v 0 vewn 3 W Southern Rhodesia
A .Cook Islands
L o i v v oneens 3 " Manihiki [slands
ZRE: 6o i s e v ommn s i v v sibe 5,4 8 Niue
/) DR s Chatham Islands
Bre 5 o a mams & swagers = Kermadec Islands
Colis ias i v o wisses o .New Zealand
LZLO. .o (See CE9)
ZMG. .o British Samoa
ZMT ... ... Tokelau (Union) Islands
/) Paraguay
781, 2,4, 5, 6. . Union of South Africa
S2. Prince Icdward & Marion Islands
BB, usu55a0 . .Southwest Africa
.................... Swaziland
................... Basutoland
Z89................Bechuanaland
BB o it v s s v Monaco
I, v a G & R e Tunisia
WS, XV5. ... Vietnam
LT 0 00 G e R R ) Sl Ceylon
AWTL. o Yemen
4X4 ........................ Israel
......................... Libya
761 (unofficial)...... Rep. of Guinea
QG 2D, . v vves s s v Ghana
BE2: ¢ s o s s avimie @ men & s 8 Kuwait
BONER, | cipa 5 dancs o smes 5 aia & 8 Malaya
BN & oosare s sme & oaviis o sova i & i Nepal
1o [P .Baar
................Alda.bruIs]a.nds
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INTERNATIONAL PREFIXES

AAA-ALZ United States of America SSN-STZ Sudan

AMA-AOZ  Spain SUA-SUZ Egypt

APA-ASZ Pakistan SVA-SZ7Z Greece

ATA-AWZ  India TAA-TCZ Turkey

AXA-AXYZ Commonwealth of Australia TDA-TDZ Guatemala

AYA-AZZ Argentine Republic TEA-TEZ Costa Rica

BAA-BZZ China TFA-TFZ Leeland

CAA-CEZ Chile TGA-TGZ Guatemala

CFA-CKZ Canada THA-TIZ France and Colonies and Protectorates
CLA-CMZ Cuba TIA-TIZ Costa Rica

CNA-CNZ Morocco TJA-TZZ France and Colonies and Protectorates
COA-COZ Cuba UAA-UQZ Union of Soviet Socialist Republies
CPA-CPZ Bolivia URA-UTZ Ukrainian Soviet Socialist Republic
CQA-CRZ Portuguese Overseas Provinces UUA-UZZ Union of Soviet Socialist Republies
CSA-CUZ Portugal VAA-VGZ Canada

CVA-CXZ Uruguay VHA-VNZ Commonwealth of Australia
CYA-CZZ Canada VOA-VOZ Canada

DAA-DMZ Germany VPA-VSZ British Colonies and Protectorates
DNA-DQZ  Belgian Congo VTA-VWZ  India

DRA-DTZ Bielorussian Soviet Socialist Republie VXA-VYZ Canada

DUA-DZZ Republic of the Philippines VZA-VZZ Commonwealth of Australia
EAA-EHZ Spain WAA-WZZ  United States of America
EIA-EJZ Ireland XAA-XIZ Mexico

EKA-EKZ Union of Soviet Socialist Republics XJA-XOZ Canada

ELA-ELZ Liberia XPA-XPZ Denmark

EMA-EOZ Union of Soviet Socialist Republics XQA-XRZ Chile

EPA-LEQZ Iran XSA-XSZ China

ERA-ERZ Union of Soviet Socialist Republics XTA-XTZ France and Colonies and Protectorates
ESA-ESZ Estonia XUA-XUZ Cambodia

ETA-ETZ Ethiopia XVA-XVZ Viet-Nam

EUA-EZZ Union of Soviet Socialist Republics XWA-XWZ Laos

FAA-TZZ France and Colonies and Protectorates XXA-XXZ Portuguese Overseas Provinces
GAA-GZZ Great Britain XYA-XZZ Burma

HAA-HAZ Hungarian People’s Republic YAA-YAZ Afghanistan

HBA-HIBZ Switzerland YBA-YHZ Republie of Indonesia

HCA-HDZ Ecuador YIA-YIZ Iraq

HEA-HEZ Switzerland YJA-YJZ New Hebrides

HFA-HFZ People’s Republic of Poland YKA-YKZ Syrian Republie

HGA-HGZ Hungarian People's Republic YLA-YLZ Latvia

HHA-HHZ  Republic of Haiti YMA-YMZ Turkey

HIA-HIZ Dominican Republic YNA-YNZ Nicaragua

HJA-HKZ Republic of Colombia YOA-YRZ Roumanian People’s Republic
HLA-HMZ Korea YSA-YSZ Republic of El Salvador
HNA-HNZ Iraq YTA-YUZ Yugosalvia

HOA-HPZ Republic of Panama YVA-YYZ Venezuela

HQA-HRZ Republic of Honduras YZA-YZZ Yugoslavia

HSA-HSZ Thailand ZAA-ZAZ Albania

HTA-HTZ Nicaragua ZBA-ZJZ British Colonies and Protectorates
HUA-HUZ  Republic of El Salvador ZKA-ZMZ New Zealand

HVA-HVZ Vatican City State ZNA-ZOZ British Colonies and Protectorates
HWA-HYZ France and Colonies and Protectorates ZPA-ZPZ Paraguay

HZA-HZZ Saudi Arabia ZQA-ZQZ British Colonies and Protectorates
IAA-1ZZ Italy and Colonies ZRA-ZUZ Union of South Africa

JAA-JSZ Japan ZVA-ZZLZ Brazil

JTA-JVZ Mongolian People's Republic 2AA-277 Great Britain

JWA-JXZ Norway 3AA-3AZ Monaco

JYA-JYZ Jordan 3BA-3FZ Canada

JZA-JZZ Netherlands New Guinea 3GA-3GZ Chile

KAA-KZZ United States of America 3HA-3UZ China

LAA-LNZ Norway 3VA-3VZ Tunisia

LOA-LWZ Argentine Republic 3WA-3WZ Viet-Nam

LXA-LXZ Luxembourg 3YA-3YZ Norway

LYA-LYZ Lithuania 3ZA-3ZZ People’s Republiec of Poland
LZA-LZZ Reople's Republic of Bulgaria 4AA-4CZ Mexico

MAA-MZZ  Great Britain 4DA-41Z Republic of the Philippines
NAA-NZZ United States of America 4JA-4LZ Union of Soviet Socialist Republics
OAA-OCZ Peru 4MA-4MZ Venezuela

ODA-ODZ Lebanon 4NA-40Z Yugoslavia

OEA-OEZ Austria 4PA-48Z Ceylon

OFA-OJZ Finland 4TA-4TZ Peru

OKA-OMZ  Czechoslovakia 4UA-4UZ United Nations

ONA-OTZ Belgium and Colonies 4VA-4VZ Republie of Haiti

OUA-OZZ Denmark 4WA-4WZ Yemen

PAA-PIZ Netherlands 4XA-4X7Z State of Israel

PJA-PJZ Netherlands Antilles 4YA-4YZ International Civil Aviation Organization
PKA-POZ Republic of Indonesia S5AA-5AZ Libya

PPA-PYZ Brazil 5CA-5CZ Morocco

PZA-PZZ Surinam 5IsA-5LY7 Liberia

QAA-QZZ (Service abbreviations) 5PA-5QZ Denmark

RAA-RZZ Union of Soviet Socialist Republics 9AA-9AZ San Marino

SAA-SMZ Sweden IKA-9KZ Kuwait

SNA-SRZ People’s Republic of Poland INA-9NZ Nepal

SSA-SSM Egypt 9SA-9SZ Saar
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Abbreviations

ABBREVIATIONS FOR C.W. WORK

Abbreviations help to cut down unnecessary transmission. However, make it a rule not to abbreviate unnecessarily
when working an operator of unknown experience.

AA All after OB Old boy
AB All before OM Old man
ABT About OP-OPR Operator
ADR Address O8C QOscillator
AGN Again oT Old timer; old top
ANT Antenna PBL Preamble
BCI Broadeast interference PSE-PLS Please
BCL Broadcast listener PWR Power
BK Break; break me; break in PX Press
BN All between; been R Received as transmitted; are
B4 Before RAC Rectified alternating current
C Yes RCD Received
CFM Confirm; I confirm REF Refer to; referring to; reference
CK Check RPT Repeat; 1 repeat
CL I am closing my station; call SED Said
CLD-CLG Called; calling SEZ Says
CUD Could SIG Signature; signal
CUL See you later SINE Operator’s personal initials or nickname
CUM Come SKED Schedule
CwW Continuous wave SRI Sorry
DLD-DLVD Delivered SVC Service; prefix to service message
DX Distance TIC Traflic
ECO Electron-coupled oscillator TMW Tomorrow
FB Fine business; excellent TNX-TKS Thanks
GA Go ahead (or resume sending) T That
GB Good-by TU Thank you
GBA Give better address TVI Television interference
GE Good evening TVL Television listener
GG Going TXT Text
GM Good morning UR-URS Your; you're; yours
GN Good night VFO Variable-frequency oscillator
GND Ground VY Very
GUD Good WA - Word after
HI The telegraphic laugh; high wB Word before
HR Here; hear WD-WDS Word; words
HV Have WEKD-WKG  Worked; working
HW How WL Well; will
LID A poor operator WUD Would
MILS Milliamperes WX Weather
MSG Message; prefix to radiogram XMTR Transmitter
N No XTAL Crystal
ND Nothing doing YF (XYL) Wife
NIL Nothing; I have nothing for you YL Young lady
NR Number 73 Best regards
NW Now; I resume transmission 88 Love and kisses

W/K CALL AREAS BY STATES
Alabama........... B G E R R T AR 4 Montana. . ... ... ...t ce i e 7
ATEEIEICR . = iorat g g el pireiats & = o it o & v 1 Sces 51 4 5o KL7 Nebraska................. T 4]
ATITONIR : = & 5 3 5 5 4 oviols 5 5 0 #0808 4 % & 30alss & & 5 50505 = 3 4 T NGVEAR . . v s s 5w o 5 5 st £ 5 3 0555 6§ 5 sl s 7
ATRAanSas . . ... e e 5 New Hampshire. . .......... ... ... 1
CablOrRim, . oo o o5 o sueis o 6 giommm 8 ¢ 5 siam 5 5 o wims 6 6 NewJersey. ... uwvssvmessssnsssomossssms: P4
Colorado. . . ... it G New MexiCo. . ... orrrrreeieennnnnnn. 5
Connecticub.. . c: i vomeivsisvinmimsssmon s b New York . oo« o o wmvem o s s o 58 msts s 4 5 w5 2
TVOLEWALE . 5 5 5555 i dn 5 s SaloEs s w5600 55 595 755 2 S  North CarolIig. . cq e 5w s s cmins s s 555 § 5 2 - 4
Florida . . . ..o ittt e ieaeeeeean 4 NorthDakota..........ccoeuvun.. e (]
(811570 o o 1 e R R e SN @15 o S A S PO g
HAWEI, . .. oo ov a5 w500 5 ssems 55 a5 po e ow s RO ORISBOMR S o 5 5 00 v v 5 5 50558 5 5 sooein 55 08050 F & o « 5
Idaho. . . oo i e e 7 Oregon...........cocuvunn. P S 7
TIINOI: & o5 e wpss s mms s s s 55 swessmme os s 9 Pennsylvamif. : . ccucisives o smenss srseis 2o 3
TEUATANEG. v - we v e nn s mimie wn m mimus 65 8 6isii g 5 4 @8 5 9 RhodelIsland............ccciiiiennon.. .., 1
FOWR. = s« s« wireres o 0 4 otw v w05 030 e, @  South Carolina. ....... I A (5 O S (55 AT 4
TBISEE. 14 o cioioim s o5 i 668 4 54 i 8% Bie 8 8 8 3 w00 41 ¥ 5 5% ¥  South Dakota......... o b R A e S S ..0
Kentucky. ...oovvniniiiniiiniinnnnaeenass 4 Tennessee......... § AR B R A b 1 e 4
OUIBIMIR .. o i o x5 s o 6 2 o ovrces om0 s o me st o1 4 5 Texas............... O O ST B BT 5o D
Maine.................. e Ee A 1 Ttah . ieemessoames § SIS A g e b § ST H 6 Gk o 7
Maryland (and Distriet of Columbia)........3 Vermont..............cooiiiiiiiienniin... 1
Massachusetts. .. .coi ittt iinneeeanenns T VAREIIA. .oy somman v wsws s s wamass omms s s et 4
Michigan. .. .....c.ouiiiiternrrnrnenanennnn 8 Washington......c.coeeeeionnieennnnnnennn. 7
MiNNESOb. « v v ot veveesveeereansenannanassnns O West Virginia. . ... covveeinvnneninnneenn .. 8
MissiSSIPPL. o e vvveve v e ennns 5 EeE 8 e 5 Wisconsin..... ¢ B G R B § el 6§ S § R 6 9
JAYI BT1510101 » SN v o e = m B R E B g Wyoming......... BT E S RS Y B o5l
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» Operating an Amateur Radio Station
coversthe details of practical amateur operating.
In it you will find information on Operating Prac-
tices, Emergency Communication, ARRL Op-
erating Activities and Awards, the ARRL Field
Organization, Handling Messages, Nstwork
Organization, "Q" Signals and Abbreviations
used in amateur operating, important extracts
from the FCC Regulations, and other helpful
material. It's a handy reference that will serve
to answer many of the questions concerning
operating that arise during your activities on
the air.

T ——

EMERGZNC
% |
MMUNICAT IO NS {’

e

co

A WWasans =5
o Four Sﬂvr,;,,' OMW

WTRGOYGTORy yory

o Publishag Friveeily for e
AU Rudin Emarg«m:y <
orps

» Emergency Communications is the ‘bi-
ble" of the Amateur Radio Emergency Corps.
Within its eight pages are contained the funda-
mentals of emergency communication which
every amateur interested in public service work
should know, including a complete diagramma-
tical plan adaptable for use in any community,
explanation ot the role of the American Red
Cross and FCC's regulations concerning ama-
teur operation in emergencies. The Radio
Amateur Civil Emergency Service (RACES)
comes in for special consideration, including a
table of RACES frequencies on the front cover.

The two publications described above
may be obtained without charge by
any Handbook reader. Either or
both will be sent upon request.

AMERICAN RADIO RELAY LEAGUE
38 La Salle Road
West Hartford 7, Connecticut, U. S. A.

Please send me, without charge, the following:

[0 OPERATING AN AMATEUR RADIO STATION
(] EMERGENCY COMMUNICATIONS

NEIC: o500 5 ororain o siaia:nis s siniaiain & & 5@ e ¢ o smms & 5

....... 0 0000008000000 000B0000000000CC0RORRETSSE R

(Please Print)
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CHAPTER 25

Vacuum Tubes
and Semiconductors

For the convenience of the designer, the re-
ceiving-type tubes listed in this chapter are
grouped by filament voltages and construction
types (glass, metal, miniature, ete.). For ex-
ample, all miniature tubes are listed in Table I,
all metal tubes are in Table II, and so on,

Transmitting tubes are divided into triodes
and tetrodes-pentodes, then listed according
to rated plate dissipation. This permits direct
comparison of ratings of tubes in the same
power classification.

For quick reference, all tubes are listed in
numerical-alphabetical order in the index. Types
having no table reference are either obsolete or
of little use in amateur equipment. Base diagrams
for these tubes are listed, however,

Tube Ratings

Vacuum tubes are designed to be operated
within definite maximum (and minimum) rat-
ings. These ratings are the maximum safe oper-
ating voltages and currents for the electrodes,
based on inherent limiting factors such as
permissible cathode temperature, emission, and
power dissipation in electrodes.

In the transmitting-tube tables, maximum
ratings for electrode voltage, current and dissi-
pation are given separately from the typical
operating conditions for the recommended clusses
of operation. In the receiving-tube tables, because
of space limitations, ratings and operating data
are combined. Where only one set of operat-
ing conditions appears, the positive electrode
voltages shown (plate, screen, ete.) are, in
general, also the maximum rated voltages.

For certain air-cooled transmitting tubes,
there are two sets of maximum values, one desig-
nated as CCS (Continuous Commercial Service)
ratings, the other ICAS (Intermittent Com-
mercial and Amateur Service) ratings. Continu-
ous Commercial Service is defined as that type
of service in which long tube life and reliability

conditions are the prime consideration. Inter-
mittent Commercial and Amateur Service is
defined to include the many applications where
the transmitter design factors of minimum
size, light weight, and maximum power output
are more important than long tube life. ICAS
ratings are considerably higher than CCS
ratings. They permit the handling of greater
power, and although such use involves some
sacrifice in tube life, the period over which
tubes give satisfactory performance in intermit-
tent service can be extremely long.

The plate dissipation values given for transmit-
ting tubes should not be exceeded during normal
operation. In plate modulated amplifier applica-
tions, the maximum allowable carrier-condition
plate dissipation is approximately 66 percent of
the value listed and will rise to the maximum
value under 100-per-cent sinusoidal modulation.

Typical Operating Conditions

The typical operating conditions given for
transmitting tubes represent, in general, maxi-
mum [CAS ratings where such ratings have
been given by the manufacturer. They do not
represent the onfy possible method of opera-
tion of a particular tube type. Other values of
plate voltage, plate current, grid bias, etc., may
be used so long as the maximum ratings for a
particular voltage or current are not exceeded.

Egquivalent Tubes

The equivalent tubes listed in Table VIII are
used oceasionally in amateur service. In addition
to the types listed, other equivalents are avail-
able for special purposes such as scries-heater
string operation in TV reccivers. These types
require unusual values of heater voltage (3.15,
4.2, ete.), and have controlled warm-up time
characteristics to minimize voltage unbalance
during starting. Iixcept for heater design, these
types correspond cleetrically and mechanieally
to 6-volt prototypes.
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VACUUM-TUBE DATA V5
VACUUM-TUBE BASE DIAGRAMS

Socket connections correspond to the base designations given in the column headed “Base™ in the classified tube-data tables.
Bottom views are shown throughout. Terminal designations are as follows:

A = Anode D = Deflecting Plate IS = Internal Shicld RC = Ray-Control Electrode
B = Beam , F = Filament K = Cathode Ref = Reflector

BP = Bayonet Pin FE = Focus Elect. NC = No Connection S = Shell

BS = Base Sleeve G = Grid P = Plate (Anode) TA = Target

C = Ext. Coating H = Heater P = Starter-Anode U = Unit

CL = Collector IC = Internal Con. Per = Beam Plates ® = Gas-Type Tube

Alphabetical subscripts D, P, T and HX indicate, respectively, diode unit, pentode unit, triode unit or hexode unit in multi-
unit types. Subscript CT indicates filament or heater tap.

Generally when the No. 1 pin of a metal-type tube in Table I1, with the exception of all triodes, is shown connected to the
shell, the No. 1 pin in the glass (G or GT) equivalent is connected to an internal shield.

EIA. (R.E.T.M.A.) TUBE BASE DIAGRAMS
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CHAPTER 25

TUBE BASE DIAGRAMS

Bottom views are shown., Terminal designations on sockets are given on page V5.
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TUBE BASE DIAGRAMS

Bottom views are shown. Terminal designations on sockets arc given on page V5.
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CHAPTER 25

TUBE BASE DIAGRAMS

Bottom views are shown. Terminal designations on sockets are given on page V5.
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TUBE BASE DIAGRAMS

Bottom views are shown. Terminal designations on sockets are given on page V5.
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TUBE BASE DIAGRAMS

Bottom views are shown. Terminal designations on sockets are given on page V5.
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TUBE BASE DIAGRAMS

Bottom views are shown. Terminal designations on sockets are given on page V5.
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TUBE BASE DIAGRAMS

Bottom views are shown. Terminal designations on sockets are given on page V5.
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TUBE BASE DIAGRAMS

Bottom views are shown. Terminal designations on sockets are given on page V5.
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TUBE BASE DIAGRAMS

Bottom views are shown. Terminal designations on sockets are given on page V5.
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TABLE |—MINIATURE RECEIVING TUBES

V15

Fil. or Capacitances " = -
Typs Niiriia B Heater npf. i : _g £ "‘E . sE
F o c o - 5
o0 » & © o . e o :
V. [Amp| Co| Cu | o |2E8| B3 | 25| B | S| s | B T | s (£5
aa| O@ [a>| 4= af| o -5 £ | Sx [ =20
3 H.f. Dicde S5AP 1.4 | 015 — — —_ Max. a.c. voltage per plate —117. Max. output curr
F4 Sharp Cut-off Pent. 6AR 14 | 0025| 38 7.6 0.009 20 0 0.55 1.8 | 1.8 meg. — —
N5 | Diode—Remote Cut-off Pent. |6BW | 1.4 |005 | — | — — [ &3 0 0.55 21 | 800K ==
1 Sharp Cut-off Pent. 6AR | 1.4 | 005 3.6 7.5 0.008 0 0 20 4.5 350K — —
5 Pentagrid Conv. 7DC 1.4 | 0.05 7.5 112 03 90 0 0.6 0.5 650K = —
5 Pentogrid Conv. 7AT 1.4 | 005 7.0 12 0.3 90 0 85 1.5 400K No. 1 100K
] Pentagrid Pwr. Amp. ZAV | 14 |01 — - — 90 —70 1.4 7.4 100K 8K 0.270
A 3 —
5 Diode—Pentode 2+ lgau [ 14 |oos | — | — | — |8 O 0.4 Ld | #00K =
R.f. Amp. 90 0 Screen Resistor 3 meg., 1 meg. | 0.050
) Variable-z Pent. 6AR 1.4 | 0.05 3.6 7.5 0.01 20 0 1.4 35 500K — —
4 Sharp Cut-off Pent. 6AR 1.4 | 0.05 3.6 7.5 0.01 90 0 0.5 1.6 1 meg. — —
5 Diode Pentode 6BW 1.4 [005 — — — 7.5 0 0.4 1.6 600K — —
A1 Amp. 250 33/74 | 4 3K a5K| 45
— A Aops 250 6.6/148| 882 — 9Ks | 9
30 Pt AB Ampd 7CQ | 40 |[0.65 9.5 6.6 0.2 2% 335 | 8z — T
AB2 Amp.3 250 4/20 1202 — 386 |17
A5} Sharp Cut-off Pent. 7EW | 24 |0.60 3.8 23 0.06 250 — 10 150K == ==
(T34 Dual Diode 7FL 2.1 0.45 —_ — — Max. a.c. vol r plate—200 Max. output cur:
1.4 |02 135 2.6 14.92 90K 0.6
4 Pwr. Amp. Pent. 7BB 28 o1 4.8 42 0.34 20 29 RE TO0K 8K 07
3 14 | 022
5 H.f. Dual Triode!0 7BC 28 1o 0.9 1.0 3.2 90 == 3.7 8.3K — —
K6} Sharp Cut-off Pent. 7CM | 315 | 0.6 6.3 1.9 0.02 300 3.8 12 —- — —
14 [0 2.1 9.5 100K 10K 0.27
4 Pwr. Amp. Pent. 7BA 58 1005 5.5 3.8 0.2 20 7 77 oK TR 55
14 |od — | _ 4 74 02
} Pwr. Amp. Pent. 7BA 28 1005 S0 3 ] 100K 8K 0.2
N61 Sharp Cut-off Pent. 7CM | 42 |06 10 24 0.04 300 3.2 1 — —
B4 U.h.f. Triode 5CE 63 | 0.5 22 0.5 1.5 250 =—s- 10 10.9K — —
D8 Dual Diode— Pent. 9T 63 |03 4.0 4.6 0.002 | 250 23 8.7 1 meg — e
U.h.f.— A1 Amp. 80 = 16 2.27K — =
F4A Triode Osc. 950 Me. e Gl ||| b . ik 100 0.4 22 —_ — —
250 20 6.5 800K — =
G5 Sharp Cut-off Pent. 78D 63 |03 6.5 1.8 0.03 100 4 75 200K — —
Sharp Cut-off Pent. Amp. 300 25 10 500K — —
———— 7BK . 0.45 10 20 0.03
HE. | pent. Teioda Amp. 63 150 — | 123 36K ==
14 U.h.f. Triode 9BX 63 |0225| 44 0.18 | 24 125 = 16 4.2K — —
180 2.4 7.7 690K ==
K5 Sharp Cut-off Pent. 7BD 63 | 0.175| 4.0 28 0.02 150 22 7 420K — —
120 2.5 7.5 340K — —
K& | Pwr. Amp. Pent. 7BK | 63 | 005 | 36 | 42 | 012 | 180 25 15 | 200K 10K | 11
L5 Dual Dicdel!0 6BT 63 |03 — = = . voltage —117. Max. d.c. out
M4 U.hf. Triode 9BX 63 0225 | 44 0.16 | 24 150 — 7.5 10K = ==
MBAY| Diode—Sharp Cut-off Pent. 9CcY 63 | 045 6.0 2.6 0.015 | 200 27 11.5 800K — —
N4 U.h.f. Triode 7DK | 63 [0225| 28 028 |17 200 —_ 13 — — —
N5 Beam Pwr. Pent. 7BD 63 | 045 2.0 4.8 0075 | 120 12 35 12.5K 2.5k 1.3
Medium-u Triode 20 2.7 1.5 200 —_ 13 575K — —
? 45
NBAL - Shorp Cut-off Par, 9DA | 48 [0 70 [ 23 | 004 |20 28 55 | 30K —
180 3/4 302 58K 55| 2.0
Q5Af| Beam Pwr. Pent. 7BZ | 63 | 045 | 83 8.2 0.35 250 577 T =% T
Dual Diode— 100 — 0.8 61K =
Qé High-g Triode 7BT 63 | 0.15 1Z 1.5 1.8 2% — g K — —
_ o o 250 57/10 352 65K 7K 3.2
RS | Pwr. Amp. Pent. 6cC | 63 |04 250 55/10 | 332 68K 76K| a4
R8 Sheet Beam 9DP 63 103 — — =— TV Color Ckts.— Synchronous Detec
S5 Beam Pwr. Amp. 7CV | 63 |08 12 6.2 0.6 150 2/6.5 362 — 45¢] 2.2
56 Sharp Cut-off Pent. 7CM | 63 |0.175] 4 3 0.2 120 3.5 52 110K — —
58 Diode — Sharp Cut-off Pent. 9DS 63 | 045 7 22 0.04 200 3 9.5 300K — —
ré Duplex Dicde—High-u Triode | 7BT 63 |03 23 1:1 24 250 — 1 58K — —
Medium-u Triode 2 0.5 1.5 100 —_ 8.5 6.9K — —
63 | 045
TaAl Sharp Cut-off Pent. 9DW 4.5 0.9 0.025 | 250 1.6 7T 750K = —
USAT| Sharp Cut-off Pent. 7BK | 63 |03 5.5 5 0.0035 | 250 4.3 10.6 1 meg. — —
Medium-u Triode 2.6 0.34 2.2 150 — v 8.2K — —
i 0.6
. Sharp Cut-off Pent. WX | el 7.5 34 0.06 200 3.4 15 150K — —
vé Dual Diode —High-u Triode 7BT 63 |03 22 0.8 2.0 250 —_ 1.2 62.5K = =
High-u Tricde 3.2 032 |22 200 == 4 17.5K — —
NBAL ) arp Cut.off Pent. 9DX | 63 |98 I 28 | 0036 200 35 13 [ 400K =
Medium-u Triode 2.5 1 1.8 150 — 18 5K == —
X8 Sharp Cut-off Pent. PAE | sd 045 5 3.5 0.006 | 250 3.5 10 400K — ==
Medium-u Triode 2 1.7 1.7 200 — 13 5.75K — —
D S 0.45
8 Semiremote Cut-off Pent. 9E 63 6.5 22 0.02 200 3 9.5 300K — —
¥ Remote Cut-off Pent. 7BK 63 |03 55 5 0.0035 | 250 42 11 1 meg. — =
\7 Pentagrid Conv. BCT 63 |03 Osc.  20KQ 250 10 38 1 meg. = —
Medium-p Triode 2.5 07 22 200 — 8 6.7K — p—
ABA! Sharp Cut-off Pent. 90X | 63 106 7128 (0036 [200 35 [ 13 [ 400K ==
34 | Uht. Medium-p Triode ODR | 63 [0.225] 29 | 026 |16 |15 — | 145 48K ==
5 Sharp Cut-off Pent. 7BD | 63 |03 65 | 1.8 [003 [2%0 21 7.5 | 800K — ==
7 Triple Diode 9AX | 63 045 Max. diode current per plate =12 Ma. Max. hir.-cath. volts =200
-8 Medium-u Dual Triode!? 9AJ | 63 (04 2.5 1.3 1.4 150 = 10 i i ] —
B 100 5 13 150K — —
¥ Remote Cut-off Pent. 7BK | 63 (03 43 50 0.005 250 3 5 BOOK J[ — 5 —
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TABLE |—MINIATURE RECEIVING

TUBES — Continved

Fil. or Capacitances E . a
Heat f. . r
Type Name Base i i >>. . " s § 2 b 6 5
v | & 2 | e c. | 28| ma | 22| 84| 4| £s | EE | G2 | Ts |EB
. 3 o [} =8 =0 =0 o] [} -]
e o » 23| 68 |S3| 32 | 22| 22 | B2 |<f | 28 |28
6BE6 Pentagrid Conv. 7CH | 63 |03 Osc. 20KQ2 250 —1.5 | 100 6.8 29 1 meg. 475 — — —
Medium-u Triode 2.8 1.5 1.8 150 56* = — 18 5K 8500 40 = —
SBEBAL |5 roff Pert. 9EG | 63 |045 41 26 o004 [250 | e8° |10 | 35 | 10| 400K | 500 — = [ —
6BF5 Beam Pwr. Amp. 7BZ 6.3 1.2 14 é 0.65 110 —7.5 110 4/10.5 392 12K 7500 343 2.5K| 1.9
6BF6 Dual Diode —Medium-p Triode | 7BT 63 |03 1.8 0.8 2 250 -9 — — 9.5 8.5K 1900 16 10K 3
6BH5 Remote Cut-off Pent. 9AZ | 63 |02 4.9 55 0.002 | 250 —25 100 1.7 4.0 1.1 meg. | 2200 — = =
6BH6 Sharp Cut-off Pent. 7CM | 63 [ 015 54 4.4 0.0035 | 250 =1 150 29 7.4 1.4 meg. | 4600 — —
Medium- Triode 26 | 038 |24 150 —5 — — 9.5 515K | 3300 17 = =
6BH81 Sharp Cut-off Pent. 2hX &3 |04 7 2.4 0.046 | 200 82* 125 3.4 15 150K 7000 — — —
6BJ6A | Remote Cut-off Pent. 7CM | 63 |015 | 45 | 55 |00035]25 [. —1 100 33 92 | 1.3 meg. | 3800 =
6BJ7 Triple Dicde 9AX | 63 | 045 Max. peak inverse plate voltage =330 V. Max. d.c. plate current each diode =1.0 Ma
6BJB] Dual Diode —Medium-x Triode | 9ER | 63 | 0.6 28 | 038 |26 250 —9 — — 8 7.15K | 2800 20 — —
6BKS5 Beam Pwr. Pent. 98Q 6.3 1.2 13 5 0.6 250 —5 250 3.5/10 372 100K 8500 358 6.5K| 3.5
6BK6 Dual Diode—High-u Triode | 7BT | 63 | 03 — — — [2%0 —2 — — .2 62.5€ | 1600 100 — | —
6BK7B Medium-u Dual Triode!? 9AJ 63 |04 3 1 1.8 150 56% — — 18 4.6K | 9300 43 —
Triode . | 2.5 1.8 1.5 250 =13 — — 14 — 5000 20 — —
L Pantods Fig. 83 63 | 43 '35 134 | o2 |20 | =13 |75 | 28 0 | 400K | 6200 7 — | —
6BN4 Medium-u Triode 7EG | 63 |02 3.2 1.4 1.2 150 -220* —_ — 9 6.3K | 6800 43 = =
6BN6 Gated-Beam Pent. 7DF | 63 |03 42 | 33 | 0004 | 80 —13 | 60 5 0.23 — — 68K | —
6BNS8T Dual Diode—High-u Triode 9ER 63 | 0.6 3.4 025 |25 250 -3 — — 1.6 28K 2500 70 — —
6BQ5 Pwr. Amp. Pent. 9CV | 63 |076 |108 | 65 |05 300 —73 | 200 | 108 495t | 38K — — 5217
6BQ7 A Medium-u Dual Triode!® 9AJ 63 | 0.4 285| 135 | 1.1 150 220* — — 9 6.1K | 6400 39 — —
Medium-u Triode 25 | 04 |18 150 56% = = 18 5K |8500 40 — —
+ ¥ 4
SERBAL | Sharp Cutiolf Peal, SFA | 63 [ 045 o106 |0015 [250 | e8* |10 | 35 | 10 | 400Kk 5200 = | — [—
6BS8 Low-Noise Dual Triode!© 9AJ) | 63 |04 26 | 135 [115 [180 220% — 10 5K | 7200 36 — —
6BT6 Dual Diode—High-u Triode 7BT 63 |03 — — — 250 —3 — — 1 58K 1200 70 = —
6BT8 Dual Diode—Pent. 9FE | 63 [045 [7 23 | 004 |200 180% | 150 2.8 95 | 300K 6200 — — —
6BUS Dual Diode —Low-u Triode 7BT 63 |03 = — — 250 —9 — — 9.5 8.5K | 1900 16 10K 03
6BUB Dual Pent.1® 9FG | 63 |03 | & 31 — | 100! — 67.5| 33 22 — — — —
6BV} Dual Diode —Medium-u Triode | 9FJ 63 |06 3.6 0.4 2 200 330* — e 1 59K | 5400 33 — —
6BW8 Dual Diode—Pent. 9HK | 63 | 045 | 48 | 26 | 002 | 250 68% | 110 3.5 10 250K | 5200 — — | =
6BX8 Dual Triode 10 9AJ | 63 |04 — — |14 65 —1 — — 9 — | 4700 25 = | =
6BYS Pentagrid Amp. 7CH 63 | 03 54 7.6 0.08 250 —25 | 100 [ 6.5 Ea = —25V. 1900 — —
6BYB] Diode — Sharp Cut-off Pant. 9FN 63 | 0.6 5.5 5 0.0035 | 250 68* 150 4.3 106 | | meg. | 5200 = — —
6BZ6 Semiremote Cut-off Pent. 7ZCM | 63 | 03 7.5 1.8 0.02 200 180* 150 2.6 1 600K 6100 = — —
6BZ7 Medium-u Dual Triode!0 9AJ | 63 |04 25 | 135 | 1.15 | 1580 220% — — 10 56K | 4800 38 —
6BZ8 Dual Triode 10 9AJ 63 |04 — — — 125 100* — = 10 5.6K | 8000 45 = —
6C4 Medium-u Tricde 6BG 63 | 0.15 18 1.3 1.6 250 —8.5 — — 10.5 77K | 2200 17 — —
6CA5 Beam Pent. FCV | 63 |12 |15 9 0.5 125 —45 | 125 4700 362 15K | 9200 375 45K 15
6CB6AT | Sharp Cut-off Pent. 7CM | 63 | 03 6.5 1.9 0.02 200 180* 150 2.8 9.5 400K 6200 — = —
6CESf | Rf Pent. 7BD | 63 | 03 65 | 19 | 003 | 200 180* | 150 28 95 | 600K | 6200 — — | =
6CF6 Sharp Cut-off Pent. 7CM | 63 | 03 6.3 1.9 0.02 200 180* 150 28 9.5 400K 6200 — — —
6CG6 Semiremote Cut-off Pent. 7BK 63 | 03 5 5 0.008 | 250 —8 150 23 9 720K 2000 — — —
6CG71 Medium-g Dual Triode!0 9A) 63 | 06 23 22 4 250 —8 — — 9 7.7K | 2600 20 —_ —
Medium-u Triode 2.6 0.05 1.5 100 100* — —_ 8.5 69K | 5800 40 —_ —
P
BCGBA: I Sharn Culolf Perl, 9CGF | 63 | 045 15 T o9 [om |20 | 20 |10 | 14 77 | 780K | 4600 — [ — [ =
Medium-pu Triode 1.9 1.6 1.6 200 —é — = 13 575K | 3300 19 — —
scHe Sharp Cut-off Pent. 9FT 64 | O4g 7 225 | 0025 | 200 180* 150 28 9.5 300K 4200 — — —
6CL6 Pwr. Amp. Pent. 9BV 63 | 065 | 11 55 0.12 250 -3 150 7/7.2 312 150K 11K 305 | 7500 28
Medium-u Triode 27 0.4 18 300 — — — 15 5K 8000 40 —
+* S S
SCLAAL Sharp Cut-off Tetrode el 2 = & 5 2.4 .02 300 —1 300 4 12 100K 6400 — — —
6CM6 Beam Pwr. Amp. 9CK | 63 | 045 | 8 85 |07 315 | —13 225 22/6 | 3m: 80K | 3750 345 85K 55
Medium-pu Triode No. 1 2 0.5 3.8 200 —7 — == 5 11K 2000 20 — =
6CM71 | Dual Triode  Triode No. 2| 65 | 3 | 0¢ 35 | 04 |3 250 —8 — — 10 41K | 4400 18 — —
High-u Triode 1.6 0.22 1.9 250 —2 — = 1.8 50K 2000 100 — —_
GCMBY |- Cutoll P, L | 63 | 045 T Tooz |20 | 180 |15 | 28 955 | 300k | 6200 — = =
. ] X 63 | 03 100 —1 — — 0.8 54K 1300 70 — —
6CN71 Dual Diode —High-u Triode 9EN 3151 06 1.5 0.5 1.8 25 —3 — = 1 K 1200 70 — —
Medium-u Triode 27 | 04 |18 125 56+ — — 15 5K | 8000 40 = =
6cas] Sharp Cut-off Tetrode 9qE 63 | s 5 2.5 0.019 | 125 —1 125 4.2 12 140K 5800 — — ==
6CR6 Diode—Remote Cut-off Pent. | 7EA 63 | 03 — — — 250 -2 100 3 9.5 200K 1950 — — —
Triode 2 14 |16 125 —2 — — 12 55K | 4000 22 — —
SCREE | Tartoda 9Gd | 63 | 045 = T35 [ oo | 125 | 56 | 125 | 3 13 | 300K | 7700 =1 = | =
6CS5 Beam Pwr. Pent. 9CK | 63 | 12 |15 9 05 200 180% | 125 22 472 28K | 8000 — 4K | 38
6C56 Pentagrid Amp. 7CH 63 | 03 55 7.5 0.05 100 —1 30 1.1 075 | 1 meg. 950 Eca=0V. —
Medium-pu Triode No. | 18 | 05 |26 250 —85 | — — 10.5 7.7K | 2200 7] — —
6CS7L | Dual Triode  Tricde Mo 2] oF | %2 | %% |30 05 26 (2@ | =05 [ — [ — [ 9 345K | 4500 155 — | —
6CU5 Beam Pwr. Pent. 7CV 6.3 1.2 13.2 8.6 0.7 120 —8 110 4/8.5 502 10K 7500 — 2.5K 23
Medium-u Triode 22 | 038 | 44 150 150% — = 92 87K | 4600 40 = =
GEXE Shorp Cut-off Pent. 9bX 8 | 873 9 4.4 0.0 200 48* 125 5.2 24 70K 10K — — —
6CY5 Sharp Cut-off Tetrode 7EW | 63 | 0.2 4.5 3 0.03 125 —7 80 1.5 10 100K 8000 — — —
Dissimilar— 15| 03 |18 | 2507 | —37 — = 127 | 52K7 | 13007 887 | — =
6CY7 Dual Triode 9EF 63 | 075 58 18 4.48 1508 420*8 — — 208 9208 54008 58 — —
A1 Amp. 250 —14 250 4.6/8 482 73K 4800 465 5K 54
6CZ51 Beam Pwr. Amp. ABy Amp3 9HN 63 | 0.45 8 8.5 0.7 350 Y 280 3713 032 —= = 36 = 5Ke 15
6DB5 Beam Pwr. Amp. 9GR 6.3 1.2 15 9 0.5 200 180* 125 2.2/8.5 | 46/47 28K 8000 —_ 4K 38
6DB6 Sharp Cut-off Pent. 7CM | 63 | 03 3 5 0.0035]| 150 —1 150 66 58 50K | 2050 Ea= —3V. | —
6DC6 Semiremote Cut-off Pent. 7CM | 63 | 03 &5 | 2 002 | 200 180% | 150 3 9 500K | 5500 — | — —
6DE6 Sharp Cut-off Pent. 7ZCM | 63 | 03 6.3 1.9 0.02 200 180* 150 2.8 9.5 600K 6200 — [ — | —_
Dissimilar— 227 | 0527 | 47 2507 | —117 —= — 557 8.75K7| 20007 wel — | —
6DE7 | Dual Triods FHF | 63109 |\ 25T s 85 1508 | —17s| — | — | 3% | 925 | 6008 —
6DKé6 Sharp Cut-off Pent. 7CM | 63 |03 6.3 1.9 .02 300 —6.5 150 38 12 — 9800 —_ —
Dissimilar — 22 | 034 |45 330 -3 — T4 — 1600 687 —
7 s AL T — ol = == -
6DR Dual Triode WF 63 |9% "D (es s | s | = = [ B — | &0 & — | =




TABLE I—MINIATURE RECEIVING TUBES— Continued V17

Fil. or Capacitances - - @
Heat f. : L
Type Name Base eater ik 1 & - .OE 5 E ~ SE -
o8 S w» @ ® f g2 i 8 . |22
V. |Amp.| Cu | Cuw | Co |58| B8 | 23| 5 | 55| 855 | 55 | ET | Bs |58
. la=a Oz | K> & = 4 =T <f | S |20
250 —85 | 200 3/10 | 322 28K | 5800 325 8K | 38
6DS5 Beam Pwr. Amp. 7BZ 63 | 08 9.5 6.3 0.19 250 570% 200 375 55 K = T e
&DT5 Pwr. Amp. Penl. 9CV | 63 |076 | 108 | 65 |05 300 —73 | 200 | 108 2952 | 38K = — 52K |17
6DT6 Sharp Cut-off Pent. 7EN | 63 | 03 58 | — | 002 |150 560% | 100 21 11 | 150K 815 = = [ =
6DT8 High-u Dual Triode!0 9DE | 63 |03 27 | 16 | 1.6 250 200* | — — 10 109K | 5500 50 S (e
6DW5 | Beam Pwr. Amp. 9CK | 63 |12 |14 9 05 200 | —225 | 150 2 55 15K | 5500 = —_—
Triode 3 3 17 (330 | —12 — = 8 K| 8500 40 = p—
GEAS] Sharp Cut-off Pent. JAE o A4S 5 2.6 .02 330 —9 330 4 12 80K 46400 — — —
High-u Triode 24 36 | 44 330 -5 |-— — 2 37K | 2700 100 = | =
SEBS " Sharp Cut-off Pent. ] W RS 42 | 0. 330 —9 == 7 25 75K 125 | — — —
GEH5 Power Pentode 7€V | 63 |12 |17 9 45 | 135 0 17 | 14.5 42 11K 146K | — 3K | 1.4
6ES8 Dual Triode ODE | 63 | 365| 34 | 17 |19 130 =12 | — = 15 = 125 | 34 — —
GEV5 Sharp Cut-off Tet. 7EW | 63 | 02 | 45 | 29 |0035 |25 —1 80 0.9 1.5 150K | 8800 - — =
Triple Triode No. | 1.4
i _noee o, . | : A 2 1. —i . o= - _
6EZ8 Tibde “TiodeTozEs | KA | 63 5 6 b5 5 330 42 13.6K | 4200 5
Duplex 2 _— s Max. a.c. voltage =20C. Max. d.c. output current=25
6FM8 | Dicde 9KR | 63 | 45 [ 22 | — — oo g = ViR Sisielp g
Triode 1.5 76 | 18 330 —3 — — 1 58K | 1200 70 = ==
&FVé Sharp Cut-off Tetrode 7FQ | 63 | =2 e 03 |125 = 8 .5 10 100K | 8200 = = e
Triode 28 1.5 1.8 330 —1 — —_ 14 5K 8K 40 — —
GFva Pentode 9EA | 63 | M8 2 02 [330 —1 125 4 12 200K 65K | — — —
&Ja Grounded-Grid Triode 7BQ | 63 |04 75 | 39 | 012 |150 100* = p— 15 45K 12K 55 — | =
Medium-u Ay Amp.10 2 4 100 50* e — 8.5 7.1K | 5300 38 — =
SJ6AT | b Triode Mixar 7BE: || 63 |08 | 22 | 04 |16 ey T = 48 | 102K 1900 Osc. peck voltage =3V,
6R8 Triple Diode-Triode 9E 63 | 045 | 1.5 | 11 | 24 250 —9 — — 95 85K | 1900 16 10K | 03
654A Medium-z Triode 9AC | 63 |06 42 | 09 [26 250 —8 == = 26 36K | 4500 16 = e
674 Uh.f. Triode 7DK | 63 |0225| 26 | 025 |17 80 150F | — — 18 1.86K | 7000 13 = e
100 = — = = [ —
6T8A | Triple Diods-Highs Triods 9B | 63 [045 | 16 | 1 |22 o —b 11— 1 = L 08 L M8 10 2= 1=
Medium-g Triode 25 | 04 |18 150 56* | — = 18 5K | 8500 40 = =
BUBAL | Cutolf Penl. 9AE | 43 | 045 -7 26 (001 |20 @* [ 110 | 35 10 | 400K | 5200 — =
) ) . 100 —1 — — 08 | 54K | 1300 70 = | =
6ve Triple D\od‘angoda 9AH | 63 | 045 5530 —3 — — ; T 2% 70 — —
Medium-u Triode 20 | 05 |14 100 100 | — = 8.5 69K — 40 = =
+ | o)
EXBAL 5 ore Cul-olf Pen. FAK | 63 | 045 0o To09 | 220 200% | 150 16 77 | 750K = — E—
) ) 126 |03 250 —9 = = 23 2.5€ | 8000 20 — | =
12A4 Medium-z Triode SAG <3 108 49 0.9 56 550 3% = — o s = — — —
A1 Amp. 250 | —125 | 250 | 45/7 | 472 50K | 4100 455 5K | 45
e 7 ) s
I2ABS | Becw Pwr Anfp.  gpr o Ol |126 )82 ) 8 &b | 8 250 | —15 | 250 | 5/13 | 792 | &K1 | 3750 705 | 10Ké | 10
12AC6 | Remote Cut-off Pent. 7BK | 126 |015 | 43 | 5 0005 | 126 0 26| 02 0.55 | 500K 730 = — —
12AD6 Pentagrid Conv. 7CH | 126 0.15 8 8 0.3 12.6 0 12.6 1.5 0.45 1 meg. 260 Grid No. 1 Res. 33K
126 |0225] 1.67 | 057 | 1.87
igha £ 10 oot — i o .
12AD7 | Dual High-g Triode W o Tee e i 2 2 125 625K | 1600 100
T2AE6A | Dual Diode—Medium-u Triode | 7BT | 126 |015 | 18 | 11 |2 126 0 — = 075| 15K | 1000 15 = =
Low-u Dissimiliar 4.7 78 [139 16 — = — 19 31.5K | 4000 13 — —
V2AE7 | by ble Triode 98 |28 | W e B 34 16 = = | — 75 | 985 |65 = =
12AF6 | Ri Pent. 7BK | 126 |0.15 | 55 | 48 [0006 | 124 0 126 | 035 075 | 300K 1150 = = ==
12AJ6 | Dual Diode—High-u Triode | 7BT | 126 |0.15 | 22 | 08 |2 126 0 = = 075| 45K | 1200 55 — =
Medium-z Triade 15 | 03 |12 126 | —09 | — = 025 | ZIK 550 15 —
12AL8 [ 965 |28 043 = 107 126 |_—08_| 126" 50%* | 25 K| 8000 = ==
A1 Amp. 250 | —125 |25 | 4.5/7 | 472 52K | 4100 455 5K | 43
12AQ5 | Beom Pwr. Amp.  Spml o 7BZ 126 0225 | 83 | 82 1035 om—rTon T 5 | 7 &K1 | 37501 705 | 10K |10
) - 126 | 015 | 227 | 057 | 157 | 100 70 | — = 37 15K | 4000 40 ==
12A77 | High-u Dual Triode™ 9A 3 03 [ 222 04 |15 [280 | 200F | — | — | 1o 109K | 5500 0 | — | =
, - 126 | 015 | 1.67 | 057 |1.57 | 100 0 — == 1.8 6.25K | 3100 95| — | —
12AU7A | Medium-g Dual Tricde!® 9A <3 (03 Te8 035 158 250 —y = — 105 778 2200 7 — —
; T oA | 126 [0225 [ 37 [ 057 [197 [100 120% | — — 9 61K | 6100 37 — 1 =
12AV7 | Mediym-g: Dual Triode 63 | 045 | 318 | 048 | 158 | 150 ] — | — 18 48K | 8500 4 —T=
12AW6 | Sharp Cut-off Pent. 7CM | 126 | 015 | 65 | 1.5 | 0025 |250 200% | 150 2 7 800K | 5000 12 — | =
: 7 7 7 o = - = =
\2Axy | High Ai Amp 1 | oo 126|016 | V& | 04& [17 250 2 12 | 425K | 1600 100
Dual Triode Class B 63 |03 1.68 | 0.348 | 178 300 0 — — 402 — — 145 16K& | 7.5
Mediome A1 Amp. 126 | 0.15 250 —4 = — 3 — [ 40 —
12AY7 Dual Triode!® Low-level Amp. = 63 |03 %2 0 1.3 150 2700* Plate resistor=20K. Grid resistor=0.1 meg. V. G.=12.5
ool Triogere oA 126 |0225] 7377 ] 057 [197 1100 70 | — = 37 15K | 4000 £0 — | —
12AZ7 A} High-u Dual Triode 63 | 045 | 318 | 048 | 198 |25 | 200 | — | — 10 105K | 5500 W= =
12B4A1 | low-p Triode 9AG ‘i'g g"i 5 1.5 |48 150 | —175 | — = 34 1.03K | 6300 g5 — | —
) 126 |03 37 | 057 | 267 | —
12BH7 At| Medium-g Dual Triode!0 9A %3 |06 320 | 048 [26° 250 —10.5 — = 11.5 53K | 3100 16.5 = —
12BL6 | Sharp Cut-off Pent. 7BK | 126 |015 | 55 | 48 | 0006 | 126 | —065| 126 | 00005] 135 | 5008 | 1350 = ==
- ] 126 | 0.225 100 270 | — — 37 15K | 4000 €0 = —
12BR7 Af| Dual Dicde—Medium-p Triode | 9CF <3 045 28 1 1.9 250 200* = = 0 T05% 350 = = —
12BV7 | Sharp Cot-off Pent. 9BF ‘i'g 82 n |3 |ooss |2 e [ | ¢ 25 90K 12K | | — | —
12BY7At| Sharp Cut-off Pent. 9BF '623 8'2 11 | 3 0.055 |20 68* | 150 3 25 90K 1% [ 1200 e |
126 |03 657 | 077 | 257
12BZ7 | High-x Dual Triade'® 9A, a1 s b [as |20 —2 = — 25 | 318K |3200 100 — | =
12CN5 | Pentode 7CV | 126 |045 | — — 025 12.6 0 126 | 035 45 | 40K | 3800 = — =
12CX6 | Sharp Cut-off Penl. 7BK | 126 | 015 | 7.6 | 62 |005 126 0 126 | 14 3 0K | 3100 = = =
12DE8 | Diode—Remote Cut-off Pent. Fig. 81| 126 | 0.2 55 | 57 0006 | 126 | —08 | 126 | 05 1.3 | 300K | 1500 = — =
12DK7 Dual Diode—Tetrode 9HZ | 126 |05 i — o 12.6 0 12.6 1 6 4K 5000 — 35K | 0.01
12DL8 | Dual Dicde—Tetrade SHR | 126 | 0.55 |12 13 = 126 | —05 | 126%¥F75%* 40 480 T5K T =
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TABLE |—MINIATURE RECEIVING TUBES—Confinved

Fil. or Capacitances A _ -
Heat f. - E = o
Type Name Base S e = £ 59 = -E -
g .| § = o | B85 | 45 |9 |23
V. |Amp.| G | Cu | € |E2| 25 (25| 85 |85 | 55 | 65 |E% | %5 |53
v | O |v> | &= 3 e =5 <f | Sx |20
12DQ7 | Beam Pwr. Pent. 9BF lzg 2 10 3.8 0.1 330 — 180 5.6 26 53K 10.5K = — —
Ducl Diode Max. a.c. voltage =16, Max. d.c. output curient=25 ma.
P Pwr. Tetrode e - == — — 16 — 16 75 40 480 15K 7.2 | 800 04
High-g 126 | 15 | 16 | 46 |17 B — —
12D77 Dual Triode 75 6.3 3 1.6 34 |17 — . i 425K 1600 10d o -
Dual Diode Max. average diode current=1.0 ma.
i HE — |ex |12 275
12007 [ Tetrode Rl T [36 [ 6 [16 ] — T[16 [ 16 [ 12 [ e J[é00 | — | 25K 0%
Dual Diode Maox. average diode current=1.0 ma.
!
120V7 | riode il SR 38 s 16 — — — 04 19K 750 14 — =
12DV8 Dual Diode—Tetrode 9HR | 126 | 0375 90 1.0 12 12.6 18* == = 6.82 — = 7.6 | 1250 .005
Diode 1.67 7 1.8 1.97 — 2700 9.5 == =—
12DWa Dissimiliar Dual Triade 2IC | hais — 4.48 7 3.2 = . - o 7.5% — 6500 6.4 — —
Sharp Cut-off Triods 2 2 1.5 16 0 — — 1.2 10K 2000 20 — —
120¥8 [ e B | 128 | 35 3 74 16 — 126 | 2 14 3K | 6000 = — | —
12DZ6 Pwr. Amp. Pent. 7BK | 126 | 0175|125 8.5 .25 12.6 —. 12,6 22 4.52 25K 3800 — — —
12EA6 R.F. Pent. 7BK [ 126 (017511 4 .04 12.6 —34 12.6 1.4 3.22 32K 3800 — — —
Medium-u Triode 2.6 0.4 1.7 16 —22 = — 2.4 6K 4700 25 — —
BEECR: Mo OFA 126 10225 120156 [ 08 |16 | =16 | 126 — 35 [ 79K 2000 = ==
12ED5} Pwr. Amp. Pent. 7CV | 124 45 14 8.5 .26 150 —4.5 150 11 362 14K 8500 - = 1.5
12EG6 Dual Control Heptode 7CH | 124 15 — = — 30 — 12.6 24 4 150K 800 — — =
12EK6 R.F. Pent. 7BK | 126 2 10 &5 032 12.6 —4.0 12.6 2 4.4 40K 4200 = —_ —
12EL6 Dual Diode—High-u Triode 7FB | 126 |0.15 2.2 1 1.8 12.6 0 — — 0.75 45K 1200 55 . —
12EM6 Diode—Tetrode 9HV | 126 | 0.5 — s = 12,6 0 12.6 1 6 4K 5000 — — —
12F8 Dual Diode—Remote
Cut-off Pent. 9FH | 1246 | 0.15 4.5 3 0.0 12.6 0 12.6 0.38 1 333K 1000 — — —_
12FKé6 Dual Diode—Llow-u Triode 7BT | 1246 |0.15 1.8 7 1.6 16 Q = — 1.3 6.2K 1200 74 — —
12FM6 Dual Diode—Med.-p Triode 7BT [ 126 [0.15 2.7 1.7 17 30 0 — 2 1.8 56K | 2400 13.5 — —
12FT6 Dual Diode—Triode 7BT | 1246 | 015 1.8 1.1 20 30 0 — = 2 7.6k | 1900 15 — —
. 126 | 0.15 90 0 == = 10 — 3000 20 — —
12H4 General Purpose Triode 7DW 23 03 24 0.9 34 25 3 = — 3 — 2500 ol — =
1248 Dual Diode—Tetrode 9GC| 126 | 0325 10.5 4.4 07 12.6 0 12.6 1.5 125 6K 5500 — 27K 0.02
12K5 Tetrode (Pwr. Amp. Driver) 7EK | 126 | 0.45 === — = 126 —=2 12.6**[ 85%* 8 800 7000 54 | 800 0.035
12R5% Beam Pwr. Pent. 7CV | 126 | 0.6 13 9 0.55 110 —85 110 asg 40 13K 7000 — — —
1207 Dual Medium-u Triode 10 9A 126 (0.5 1.67,8 0.47 1.5,8 12.6 0 — — 1 12.5K | 1600 20 s .,
18FWé6 Remote Cut-off Pent. 7CC |18 0.1 5.5 5 .0035 |150 — 100 4.4 Al 250K 4400 — — ==
18FX6 Dual Control Heptode 7CH | 18 0.1 — —= — 150 —= = 23 400K — — — [
18FY6 High-p Triode—Diode 7BT | 18 0.1 2.4 22 1.8 150 —1 — = b 77K 1300 100 — —_
25F5 Beam Pwr. Pent. 7CV | 25 0.15 |12 6 0.57 110 —7.5 [ 110 3/7 36/37 16K 5300 — 25K 1.2
32ETS Beam Pwr. Pent. 7CV | 32 0.1 12 -] .6 150 —7.5 130 — = 21.5K | 5500 — 2.8K 1.2
35B5 Beanm Pwr. Amp. 7BZ | 35 0.15 11 6.5 0.4 110 —7.5 110 3/7 412 = 5800 405 2.5K 1.5
50B5 Beam Pwr. Amp. 7BZ | 50 | 015 |13 6.5 0.5 110 —7.5 [ 110 4/8.5 502 14K 7500 495 25K | 19
5686 Beam Pwr. Pent. 9G 43 | 0.35 6.4 8.5 0.11 250 — 125 250 3 275 45K 3100 - oK 27
126 | 045 47 067 | 47 120 —2 — — 36 1.7K 1K 18.5 — —
i e
5687 | MediunBual Tiodel M =309 [ # o= [ 20 | —125 | — | — | 125 3K | 5500 65 — | —
5722 Noise Generating Diode 5CB 63 | 1.5 = 22 “—. 200 — — =— 35 — — — = —
:?;i/ High-g Triode ov | 63|03 | 90| 18 |05 |1m 62 | — | — | 2% 18K | 24K g [ = (| —=
5879 Sharp Cut-off Pent. 9AD| 63 | 015 2.7 2.4 0.15 250 -3 100 0.4 1.8 2 meg. | 1000 — — —
6386 Medium-u Dual Triode!© 8CJ 63 | 035 2 1.1 1.2 100 200* = = 9.6 4.25K | 4000 17 = -
6887 Dual Diode 6BT 63 | 02 Max. peak inverse plate voltage = 360 V. Max. d.c. plate current each diode = 10 ma.
6973 Pwr. Pentode 9EU 6.3 45 6 6 4 440 —15 330 == — 73K 4800 — — —
Sharp Cut-off 7 2.4 4 330 — 125 3.8 12 170K 7800 — _— —
7258 Med.-u Triode IDiv| 126 198 2 2 | 1.5 330 -3 = — 15 47K | 4500 21 — =
9001 Sharp Cut-off Pent. 7BD 63 | 0.15 3.6 3 0.01 250 -3 100 0.7 2 1 meg. 1400 — — —
9002 U.h.f. Triode 7BS 63 | 0.15 1.2 1.1 1.4 250 —7 — = 6.3 11.4K | 2200 25 — —
9003 Remote Cut-off Pent. 7ZBD | 63 | 015 3.4 3 0.1 250 —3 100 27 8.7 700K 1800 — S -
9006 U.h.f. Diode 6BH 63 | 0.15 Max. a.c. voltege =270. Max. d.c. output current=25 ma.
1 Controlled heater warm-up characteristic. 1 Per Plate. 5 No signal plate ma. ? Oscillator grid current ma.

{1 Oscillator gridleak or screen-dropping resistor ohms.
* Cathode resistor ohms.
** Space-charge grid.

2 Moaximum-signal current for full-power output,
3 Values are for two tubes in push-pull.
4 Unless otherwise noted.

6 Effective plate-to-plate.

7 Triode No. 1.
8 Triode No. 2.

10 Values for each section.
" Micromhos.
12 Through 33K.



Characteristics given in this table apply to all tubes having type

TABLE Il—METAL RECEIVING TUBES

s shown, includi

metal tubes, glass tubes with "'G" suffix, and bantam tubes with "GT" suffix.
For ""G" and "GT" tubes not listed (not having metal counterparts), see Tables Ill, V, VI and VIil.

Fil. or Capacitances “ -,
- 1 -
Type Name Base Hefer sk i E 53 o .E
22 | - Eu | & § $© |25 | a5 O 1a%
V. |[Amp. | Cn [Cow |Cp [B%| =8 | 85 | 235 53 58 |52 | ES BTy |55
Ta Oa “w > @ E 3 [ =3 <2 S 0
i 250 =3 100 27 3.5 340K 550 — — ==
~3 Pentagrid Conv. 8A i ff 53 - - B Ewp (Osc. 250 V. through 20K. Grid resistor (Osc.) S0K. ly=4 ma. Ig1 =04 ma.
855 [Remote Cut-off Penr. 8N | e3fo4s| 8 | 5 |o1s | :g e 122 ;ggi 5?5.% - — =
r
87 |shore Cur-oft Pent. 8N | 63 045 | 1 5 |01s ﬁ ::g, Izm ;g :g : ::z ?’% = = -
AG7 |Pwr. Amp. Pent. ay 63| 065 | 13 75| 006 | 300 | —3 | 10 7/9 30731 130K K| — 10K | 3
B8 Dual-Diode —Pent. 8E 63| 03 ) 9 0.005 | 250 =3 125 23 10 600K 1325 — —
Medium-p A1 Amp. 250 —8 —= —_ 8 10K 2000 20 = —
cs Triode Biased Detector | £q &3 | o8 g i 2 250 —17 Plate current adjusted to 0.2 ma. with no signal.
F5 High-p Triode 5M 63| 03 55 4 24 250 —2 — — 0.9 66K 1500 100 — —
A1 Amp., 5 250 | -2 200 | — 31/34 26K | 2600 6.8 4K | 085
350 730* 13211 — 50/60 — — —: 10K7
Adlg Amp. & 350 | —38 | 1@ | — | 48/%2 = == oK |§
F6  [pwr. Amp.Pent. LT 1 7S | 63| 07 | 65|13 |02 |20 | —Ted 250 | &/11 | 34/3 | BOK |am0 | — 7K | 32
. 285 —20 285 7/13 38/40 78K 2500 = 7K 4.8
4B Ripd 375 | —2 250 5/20 34/82 e — 8211 10K7 | 18.5
375 340* 250 8/18 54/77 — = 9411 10K7 [ 19
H6 Dual Diode 7Q 63| 03 —= — — Max. a.c. voltage per plate =150 r.m.s. Max. output current 8.0 ma. d.c
J5  Medium-p Triode 6@ [ 63] 03 34 [ 36 (34 [250] —8 = = |I 9 77Kk [2600 | 20 — —
Sharp Cut- A1 Amp. 250 -3 100 0.5 2 1 meg. 1225 — — —
7 off Pent. Biosed Detector 7R 63| 03 7 12 0.005 250 T0K* | 100 Zero signal cclfhcde curre|nr=0.431ma. 05 mes.
T R, Amp, 2% | -3 | 125 26 105 | 600K | 1650 ] 990 = i—
K7 leont " v R R el I e R T S R ogcl, ook voltesT
Triode— Hexode 250 —3 100 é 25 400K 350 — —_ —
K8 |4exode Conv. Theds | °F | %3 % | — 100 | S0Ks | — = 38 gt (Osc) =o.1L ma.
A1 Amp.!, 5 250 —20 2010 — 40/44 1.7K 4700 8 5K 1.4
A1 Amp.S 250 167* | 250 54/7.2 | 75/78 — — 1410 25K | 6.5
Self Bias 300 | 218* | 200 3/46 | 51/55 — — [ 12710 AR
A Amp.s 250 | —14 | 250 5/73 | 72/79 225 | &000 | 1410 25K | 6.5
Fixed Bios 350 —18 250 2.5/7 54/66 33K 5200 1810 42K | 10.8
A1 Amp.¢ 250 125% | 250 10/15 | 120/130 — = 35411 K7 | 13.8
Self Bias 270 | 125* | 270 /17 | 134/145 | — — [ 220 % 185
Lb_GBzg\ic:.mAmp T P TAC | 631 09 S| 95109 ‘o T g 20 | 10/16 | 120/140 | 2455 | 5%00F | 320t K7 [14.5
Fixed Bios 270 —17.5 | 270 11/17 134/155 23.55 57005 351 5K7 | 17.5
AB; Amp.¢ Self Bios | 360 270% | 270 5/17 | 88/100 — — 40601 9K7 | 245
AB; Amp.6 360 —22.5 | 270 5/1 88/140 — == 451 3.8K7 18
Fixed Bios 360 | —22.5 | 270 5/15 88/132 — — 4511 6.6K7] 26.5
ABz Amp.¢ 30 | —18 225 3.5/11 78/142 — — 521 K7 | 31
Fixed Bias 360 | —22.5 | 270 5/16 88/205 — — 7211 3.8K7| 47
Pentagrid — Al Amp. 250 —3 100 6.5 53 600K 1100 —314 — —
L7 s i, o A 83103 |\ — | — | T o[ —& 1% 5.2 33 Tmeg. | 350 |—1504 — i —
Class-B B Amp.? 300 0 — = 35/70 = — [ 82 8K7 | 10
N7 Itwin Tricds Ao Ampis] OB | €2[ 08 | — | — | — g =5 = = 6 T3k [3100 | — . =
Q7 Dual Diode —High-u Triode 7V? 63| 03 5 38 | 1.4 250 —3 —= = 1 58K 1200 70 — =
R7 Dual Diode—Triode 7V2 63| 03 4.8 38 | 24 250 =2 — — 9.5 8.5K 1900 16 10K 0.28
57 Remote Cut-off Pent. 7R2 63| 0.15 6.5 | 10.5 | 0.005 | 250 —3 100 2 8.5 | meg. 1750 —_ — —
SA7GT|Pentagrid Conv. 8R2 63| 03 9.5 12 0.13 250 0 100 8 3.4 800K Grid No. 1 resistor 20K.
100 == 100 10.2 3.6 50K %00 — — [ =
SB7Y |Pentagrid Conv. 8R 83| 03 9.6 92 1013 250 =1 100 10 38 1 meg. 950 I — l — [ —
250 22K8 12K8 12/13 68/6.5 Osc. Section in 88-108 Mc. Service.
5C7 High-u Dual Triodes 85 63| 03 2 3 2 250 —2 — — 2 53K 1325 70 — —
SF5 High- Triode 6AB2| 63| 03 4 3.6 | 24 250 —2 —= — 0.9 46K 1500 100 — —_
SF7 Diode —Variable-u Pent. 7AZ 63| 03 55 ] 0.004 | 250 —1 100 33 12.4 700K 2050 — — ==
5G7 |H.f. Amp. Pent. 8BK 63| 03 8.5 7 0.003 | 250 —25 | 150 3.4 9.2 1 meg 4000 — —_ —_
SH7 H.f. Amp. Pent. 8BK 63| 03 8.5 7 0.003 | 250 —1 150 4.1 10.8 900K 4900 — — —
5J74 [Sharp Cut-off Pent. 8N 63| 03 6 7 0.005 | 250 -3 100 08 3 1 meg 1650 = — =
SK7 Narioble-u Pent. 8N 63| 03 & 7 0.003 | 250 -3 100 2.4 9.2 800K 2000 — —_ =
5Q7GTDual Diode —High-u Triode 8Q 63| 03 3.2 3 1.6 250 —2 — == 0.9 91K 1100 100 - —
SR7 ual Dicde—Triode 8Q 63| 03 3.6 28 | 24 250 —9 — — 95 8.5K 1900 16 — —
5587 ariable-p Pent. 8N 63| 015 55 7 0.004 | 250 -3 100 2 -] 1 meg. 1850 — — s
180 —85 | 180 3/4 29/30 50K 3700 8.510 55K | 2
Al Amp.5 250 —12.5 | 250 4.5/7 45/47 50K 4100 12.5'0 5K 4.5
vé Beam Pwr. Amp. 7AC 63 | 045 0 1 0.3 315 —13 225 22/6 34/35 80K 3750 1310 85K | 85
o 5l 250 —15 250 5/13 70/79 40K 3750 30! 10K7 110
ABi Amp.¢ 285 | —19 | 285 | 4/13.5 | 70/92 70K | 3600 | 3811 BK7 |14
612  Pentagrid Amp. 77 63| 03 75 | 1 0.001 | 250 -3 100 6.5 &3, 400K 1100 — 34 = —
620 Sharp Cut-off Pent. 7R 63| 03 7 12 0.005 | 250 -3 100 0.5 2 1 meg. 1225 —_ —_— —
Ay Amp.!, 8 330 500* — — 55/59 — — 5410 5K7 2
621  pur Amp.Pent.  ZpTPu—| 7S | 63|07 | 7.5 | 115 |02 e mTan—TgE 3829 = — [ e WK [ 5
822  Beam Pwr. Amp& 7AC | 63| 09 |10 |12 |04 | 300 | —20 | 250 | 4/105 | 86/125 = E—— T 27 110
693  [Sharp Cut-off Pent. 8N 631 03 53 6.2 |0.005 | 250 —3 100 0.85 3 1 meg. 1650 — — ==

* Cathode resistor-ohms.

1 5S¢

2 No connection to Pin No. 1 for 6L6G, 6Q7G, 6R7GT/G,

reen tied to plate.

657G, 6SA7GT/G and 8SF5-GT.

3 Grid bias =2 volts if separate oscillator excitation is used.

4 Also type 6SJ7Y.

5 Values are for single tube or section.
4 Values are for two tubes in push-pull.
7 Plate-to-plate value.

8 Osc. grid leak—Scrn. res.
? Values for two units.

10 Peak a.f. grid voltage.

11 Peak a.f. G-G voltage.

12 Micromhos.

13 Unless otherwise noted.
14 G3 voltage.

15 Units connected in parall
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TABLE lll—6.3-VOLT GLASS TUBES WITH OCTAL BASES

(For ""G" and "GT"-type tubes not listed here, see equivalent type in Tables Il and VIlI; characteristics and connections will be similar)

Fil. or Capacitances E , 2 E
Heater uf. > c o
Type Name Base a - & & s ep i -g s
V. |Amp.| Co| Co| Co |BE| Es (25| 85 |85 | 25 |EE|ES| ¥s |68
. . it o [} = - = g )
mPe| Cn | G T | 23] 62 |83 | 32 | =2 | =2 |3 <8 | 32 |28
6AC5GT | Triode Pwr. Amp. AB Amp.4 6Q 63 | 04 — = — 250 0 — — 58 367K | 3400 | 125 10K | 8
Triode— Triode | | _ =] -2 | — | — 4 | 1K 325 | 6 — | —
6AD7G | pur Amp. Pent. Fart, | T | &8 |Gs 250 | —165 | 250 | 65/105] 34/36 | BOK | 2500 | — 7K | 32
6AHAGT | Medium-u Triode 8EL 63 | 075 7 1.7 | 44 250 —23 — —_ 30 1.78K | 4500 8 —

; — Outer edge of any of the three illuminated areas displaced Ys in. min. outward with +5
6AL7GT | Electron-Ray Indicator 8CH 63 | 015 - — volts to its electrode. Similar inward disp. with —5 volts. No pattern with —é volts grid.
6AQ7GT | Dual Diode—High-x Tricde 8CK 6.3: | 0.3 2.8 32 |3 250 —2 — — 23 44K 1600 | 70 — —
6ARS Beam Pent. 6BQ 6.3 1.2 11 7 0.55 250 —225 250 5 77 21K 5400 s — —_—
6AR7GT | Dual Diode—Remote Pent. 7DE 63 | 03 5.5 7.5 | 0.003 250 -2 100 18 7 1.2meg. | 2500 = — —
6AS7G Low-u Twin Triode—D.C. Amp.!| 8BD 6.3 2.5 6.5 22 | 7.5 135 250* — — 125 0.28K | 7000 2 ~— —
6AUSGT | Beam Pwr. Amp.8 6CK 6.3 1.25 11.3 7 0.5 115 —20 175 68 &0 6K 5600 — e
6AV5GA | Beam Pwr. Amp.8 6CK 63 | 1.2 14 70 | 0.5 250 —225 | 150 2.1 55 20K 5500 — — =
6BD5GT | Beam Pwr, Amp.# 6CK 63 | 0.9 == = = 310 — 2007 310 == 909 e = — —
6BG6GA | Beam Pwr. Amp.8 5BT 63 | 0.9 1 6 0.8 250 —15 250 4 75 25K 6000 | — — —
6BL7GTA | Medium-u Dual Triode! 88D 6.3 1.5 4.4 09 | 60 250 —9 — — 40 2150 7000 15 — —
:23:‘:‘“ Beam Pwr. Amp.® 6AM |63 |12 |15 | 7 |os | 2% | —225 | 150 | 21 s | sk |so0| — | — | —
6BX7GT | Dual Triode! 8BD 6.3 1.5 5 34 | 42 250 390* - — 42 1.3K 7600 10 — =
6CBSA Beam pwr. Amp.® 8GD 63 | 25 22 10 04 175 —30 175 é 90 5K 8800 | — == —
6CD6GA | Beam Pwr. Amp.8 5BT 63 | 25 24 9.5 | 08 175 —30 175 5.5 75 7.2K 7700 — — —
6CK4 Llow-u Triode 8JB 6.3 1.25 8.0 18 | 65 550 —26 = = 55 1.0K 6500 6.7 = =
&6CL5 Beam Pwr. Amp.8 8GD 6.3 2.5 20 1.5 | 0.7 175 —40 175 7 20 6K 6500 — _—
6CU6 Beam Pwr. Amp.8 6AM 6.3 1.2 15 7 0.55 250 —22.5 150 2.1 55 20K 5500 — — —
&6DGEGT | Beam Pwr. Amp. 75 6.3 1.2 —_ — —_ 200 180* 125 8.5 477 28K 8000 — 4K 3.8
6DN6 Beam Pwr. Pent.® 5BT 6.3 25 22 11.5 ] 0.8 125 —18 125 63 70 4K 9000 — — —

Dissimilar 22 07 | 40 350 -8 — — 8 9K 2500 22 — —
6DN7 | Dyl Triade 80 | &% | ml e =] i — | — %8 K (770 15 | — | —
6DQS5 Beam Pwr. Amp.® 8JC 63 | 25 23 11 0.5 175 —25 125 5 110 5.5K 10.5K —
6DQ6B Beam Pwr. Amp.8 6AM 6.3 1.2 15 7 0.55 250 —22.5 150 24 75 20K 6600 = =

Dissimiliar— 2.2 0.6 | 4 35 -3 = = 1.5 34K 1900 | 65 = —=
SEA7 Dual Tricde 82D 63, | Mos 6 13| 8 550 —25 — — 95 770 6500 5 — —
6EF6 Beam Pwr. Amp.11 75 63 | 0.9 11.5 9 0.8 250 —18 250 2 50 — 5000 — ==
6EYS Beam Pwr. Pent. 7AC 6.3 0.68 8.5 7 7 350 —17.5 300 3 44 40K 4.4K — — —
6EZ5 Beam Pwr. Pent. 7AC 63 | 0.8 & 7 .6 350 —-20 300 3.5 43 50K 4.1K — — —
6FH6 Beam Pwr. Pent. 6AM 6.3 1.2 33 8 4 770 —22.5 220 17 75 12K &K = —

A1 Amp. 180 —=9 180 2.5 156 175K 2300 10K 1.1
6G6G Beam Pwr. Amp. Ar Ampd 75 63 | 015 85 b § 0.5 180 2 — e T 1758 | 2000 9% 2K 025
6K6GT Pwr. Amp. Pent. 75 63 | 04 55 6 0.5 315 -21 250 4/9 25/28 | 110K 2100 — 9K 4.5
658GT Triple-Diode —Triode 8CB 63 | 03 1.2 5 2 250 —2 = = = 91K 1100 | 100 — —
65D7GT | Semi-Remote Pent. 8N 63 | 03 9 7.5 | 0.0035| 250 —2 125 3 9.5 | 700K 4250 —_ — —
65L7GT High-pu Dual Triode! 8BD 63 | 03 34 38 | 28 250 —2 = — 23 44K 1600 70 =
6SN7GTB | Medium-u Dual Tricde! 8BD 63 | 0.6 3 12 ] 4 250 —8 — — 9 77K | 2600 | 20 — —
6U6GT Beam Pwr. Amp. 75 63 | 075 = — — 200 —14 135 3/13 55/62 20K 6200 == 3K 55
6W6GT Beam Pwr. Amp. 7S 6.3 1.2 15 9 0.5 200 180* 125 2/8.5 46/47 28K 8000 — 4K 38
6Y6GA Beam Pwr. Amp. 75 6.3 1.25 15 1 0.7 200 —14 135 22/9 61/66 18.3K 7100 — 26K 6
1635 High-u Dual Triode 8B 6.3 0.6 — — = 300 0 — = 6.6/54 — ] — 12Ks | 10.4
7027 Beam Pwr. Amp. 8HY 6.3 0.9 10 7.5 1.5 450 —30 350 19.2 194 — 6000 =— 6Ks | 50
* Cathode resistor-ohms., 3 Values are for single tube. 6 No signal current, ¢ Cathode current,
¥ Per section. 4 Values are for two tubes in push-pull. 7 Max. value. 10 Micromhos.
2 Screen tied to plate, S Plate-to-plate value. 8 Horz. Deflection Amp. 11 Vert. Deflection Amp.
TABLE IV—6.3-VOLT LOCK-IN-BASE TUBES
For other lock-in-base types see Tables V, VI, and VIl
Fil. or Capacitances ) E . E
Type Name Base Healer k. >>. - = 8 E - 8 -
v. |A Co | Cw | € 2R | 2y | B8 | B |2s | 8 |ED|E% 38R
. mp. o ] ‘=g =5 = O ] [ 2
i " "™ | 23| b8 | 83 | 32 |22 | 22 [ E3[ <8 82 (=8
7A8 Octode Conv. 8u 6.3 0.15 7.5 9 0.15 250 —3 100 3.2 3 50K Anode grid 250 Volts max.!
7AH7 Remote Cut-off Pent. 8V 6.3 0.15 7 6.5 0.005 250 250* 250 1.9 68 1 meg. 3300 == — —
7AK7 Sharp Cut-off Pent. 8V 6.3 0.8 12 9.5 07 150 0 %0 21 41 11.5K 5500 —
7B7 Remote Cut-off Pent. 8V 6.3 0.15 5 é 0.007 250 -3 100 1.7 8.5 750K 1750 — — =
7C7 Sharp Cut-off Pent. a8V 6.3 0.15 5.5 6.5 0.007 250 —3 100 0.5 2 2meg 1300 — = —
7E7 Dual Diode—Pent. 8AE 63 0.3 4.6 55 0.005 250 330* 100 1.6 7.5 700K 1300 — —: —
7F8 ! Medium-u Dual Triode? 8BW 6.3 0.3 2.8 1.4 1.2 250 500* — — é 14.5K 3300 48 — ==
7K7 I Dual Diode—High-u Tri. 8BF 6.3 0.3 2.4 2 1.7 250 -2 — — 23 44K 1600 70 — —
¥ Cathode resistor-ohms, ! Through 20K resistor. 2 Each section. 3 Micromhos.



TABLE V—1.5-VOLT FILAMENT BATTERY TUBES

Fil. or Capacitances - -
Heaf: 3 J )~
Type Name Base eerer s i & “ -g H E E
= ] . = o 5
-4 S w @ -
V. Amp.| G |Cu |Gy (EEE2 | E§| £ §5 | £5 |EE |B8|3: (£2
=3 | O&d (8> | A | &= ix |3 (<& | S& |30
A7GT Pentagrid Conv. 7Z 1.4 0.05 7 10 0.5 90 0 45 0.7 0.6 600K Esb Anode-grid =90 Volts
H5GT Diode High-u Triode 5Z 1.4 0.05 1.1 4.6 1 90 0 — — 0.15 240K 275 65 — —
LN5S Sharp Cut-off Pent. 7A0 | 14 0.05 3 8 0.007 90 Q 20 0.35 1.6 1.1 meg. 800 — — —_
N5GT R.f. Pentode 5Y 14 0.05 3 10 0.007 90 0 90 0.3 1.2 1.5 meg. 750 — f— —
E6 Sharp Cut-off Pent. 7C) 2.8' | 0.05 5.5 .8 0.007 90 0 90 1.2 29 325K 1700 — —_ —
1 Center-top filoment permits 1.4 volt operation. 2 Micromhos.
TABLE VI—HIGH-VOLTAGE HEATER TUBES
See alse Table VIII.
Fil. or Capacitances - .
Heat f. - L
Type Name Base eater il z c : gE s 5E -
B g8 | . | =, . | 28 | 48 22
V. |Amp.| Cn | Cu | €, (BE| By | BS| Bs | §5| 8: |5 |E%|ys |58
awn | Om W > nE ax & o -3 (<& | 82 [0
2A6 “Beam Pwr. Amp. 78 126 005 | & 9 03 [ 2% | —125| 250 | 35/55 | 30/32| 70Kk | 3000 | — | 7.5 | 34
2AH7GT | Medium-u Dual Triode! | BBE 12.6 0.15 3.2 3 3 180 —é.5 — — 7.6 8.4K 1900 16 — Py
2EN61 Beam Pwr. Amp. 75 12.6 0.6 14 8 0.65 200 —9.5 110 2.2 50 28K 8000 — — —
110 =7.5] 110 4/10 49/50 13K 8000 — 2K 2.1
i t. H 126 0. 1 10 0.6 =
2L6GTL | Beam Pwr. Pen # 6 8 200 | 180% | 125 | 2.2/85 | 46/47| 28K 8000 | — K | 38
25Y7 Hepiode Conv. 8R 12,6 0.15 Osc.-Grid leak 20K. 250 —2 8.5 3.5 — 1 meg. 450 — — ==
1EX6 Beam Pwr. Pent. 5BT 21.5 0.6 22 8.5 1.1 — —30 195 3 67 8.5K 7700 — i —
5A5 Beam Pwr. Amp. 6AA | 35 05 | — = — [ 10 | —7.5] 110 3/7 | 40/41] 16K 5800 | — 25K | 15
DC6GA | Beam Pwr. Amp. 75 0 015 | — = — | 200 | —14 | 135 22/9 | 61/66| 183K | 7100 | — 26K | 6
17N7GT | Rect.—Beom Pwr. Amp. | BAV | 117 0.09 | Rect. same os 117L7GT | 100 —6é 100 5 51 16K 7000 [ — 3K 1.2
824 Beam Pwr. Pent. 75 25 0.3 — [ —_ [ — 135 —22 135 25/14.5 | 61/69 15K 5000 — 1.7K 43
D82 Low-u Dual Tricde! 8BD 26.5 0.6 [ I 22 l 8 135 250* —_ — 125 0.28K | 7000 2 — —
* Cathode resistor-ohms. ! Each section, 2 Micromhos.
I Controlled heater worm-up characteristic,
TABLE VII—SPECIAL RECEIVING TUBES
Fil. or Capacitances ™ -
H f. 9 E %
Type Name Base v = : & & o § 2 SE .-
o4 o w e g @ : 5 “ 2
V. |Amp.| G | € | c [E5| B8 | EE | Es (85| 84 | 5% |FE |34 |ER
am | Oa w> I | = o -8 |[<f [S& z0
Q56T Beam Pwr, Amp. 7AP | 28" | 005 | 8 635 0.6 S0 | —45| 90 | 13 | 95| 90K 2200 | — 8K 027
F4 Acorn Triode 7BR 6.3 0.225 2 0.6 1.9 80 150* — — 13 29K 5800 17 — —
4 Acorn Triode 7BR 6.3 0.225 1.8 0.5 1.6 80 150* — — 9.5 44K 6400 | 28 — ==
E5/1201 | H.f. Triode 8BN 6.3 0.15 3.6 28 1.5 180 -3 — = 5.5 12K 3000 36 — —
Detector Amp.— A1 Amp. 34 | 3 250 —3 100 0.7 2 1 meg. 1400 — = =
54 Pentode (Acorn) Detector 388 63 015 i 0.007 250 —6 100 I adjusted to 0.1 ma. with no signal. 250K —
. 250 =7 — — 6.3 11.4K 2200 | 25 —_ —
i % A . i
55 Medium-g Triode {Acornl 5BC 6.3 0.15 1 0.6 4 %0 —73 — — 2z A% o0 e — —
Remote Cut-off A Amp. 250 =3 100 27 6.7 700K 1800 —_ — p—
i Pent. (Acomnl  Mixer | S0P |63 | 015 | 34 |3 0007 1% T =10 [ o Oscillotor peak volts —7 min. =
§8-A Medium-u Triode (Acorn) 5BD 1.25 | 0 0.6 0.8 26 135 —7.5 — — 3 10K 1200 12 — —
59 Sharp Cut-off Pent. (Acorn) 5BE 1.25 | 0.05 1.8 2.5 0.015 135 =3 67.5 | 04 1.7 800K 600 — == s
509 Amplifier Pentode 5B 1.1 0.25 7 7 1 136 | —1.5 67.5 | 0.65 2.5 400K 725 — — —
173 Uh.f. "Pencil” Diode Fig. 34 | 63 0.135 Plate to K=1.1 Peak inverse —375 Volts. Pack l,—50 Ma. Max. d.c. output—5.5 ma, —
77 Ceramic U.h.f. Triode — 63 | 0.24 19 Jool [0 250 | =5 | — [ — [ 6a] 89K [ 9000 | [ — —
)04 U.hf. Diode (Acorn) 4BJ 4.3 0.15 Plate to K=1.3 Max. a.c. voltage—117. Max. d.c. output current—5 ma.
)05 U.h.f. Diode (Acorn) 5BG 3.6 0.165 Plate to K=0.8 Max. a.c. voltage—117. Max. d.c. output current—1 ma.
* Cathode resistor-ohms. ! Center-tap filament permits 1.4-volt operation. 2 Micromhos.
TABLE VIII—EQUIVALENT TUBES
The equivalent tubes listed in this table are, in general, designed for
industrial, military and other spe:lal-purpcsa applications. These tubes
are generally not directly interch of h and/or
electrical differences involving hcnng, heater characteristics, maximum
ratings, interelecirode capacitances, etc.
Type Equivalent and Table | Base Ey! 1] Type Equivalent and Table Base E¢ 12
3 113 X 3C 1.25 0.2 5Fvs 6FV8 l 9FA 4.7 0.6
H4 1H5GT v 5AG 1.4 0.05 5V4G S5V4GA X 5L 5.0 3.0
J39WA 2C39 X — 58 103 || 6Aé 6N7 ] 78 63 08
A5 2EAS | 7EW 29 0.45 6A7 6A8 1] 7C 6.3 0.3
F43 3Q5GT Vil 6BB 2.8 0.05 S6AES 6K8 Il 8DU 6.3 0.3
/43 3Q4 | 6BX 2.8 0.05 6AMS 6AMBA | 9CY 6.3 0.45
K6 3DKé [ 7CM 22 045 GANB 6ANBA 1 9DA 63 0.45
tAB SEAB | 9AE 4.7 0¢ 6AQ5 6AQS5A | 7BZ 63 0.45
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TABLE VII—EQUIVALENT TUBES— Continved

Type Equivalent and Table Base E 142 Type Equivalent and Table Base E¢! I?
6AS7GA 6AS7G 1l 8BD 6.3 2.5 12K8 6K8 Il 8K 126 0.15
6AT8 6ATBAT | 9DW 6.3 1.8 1258GT 658G T i 8CB 12.6 0.15
6AUG 6AUGAT 1 7BK 63 0.3 125A7 65A7 I 8R 126 0.15
6AU7T 12AU7A 1 9A 315 0.6 125C7 65C7 1l 85 12.6 0.15
6AX713 12AX7 | 9A 6.3 0.3 125F5 65F5 1l 6AB 12,6 0.15
GBEB 6BEBAT I 9EG 63 0.45 125F7 65F7 I 7AZ 12,6 0.15
6BQ6GA/GTA 6BQ6GTB 1T 6AM 63 1.2 125G7 65G7 Il 8BK 126 0.15
GBR8 6BRBAT 1 9FA 63 0.45 125H7 45H7 0 8BK 12.6 015
6C6 6J7 Il 6F 63 03 125J7 65J7 1l 8N 126 015
6CB6 6CB6AT [ 7CM 63 0.3 125K7 65K7 il 8N 12.6 0.15
6CD6G 4CD6GA [T 5BT 63 2.5 125L7GT 4SL7GT Il 8BD 12,6 015
6CG8 6CGBAT | 9GF 6.3 0.45 125N7GT 6SN7GTB I 8BD 12.6 0.3
6CL8 6CL8AT ! 9FX 6.3 045 12SN7 GTA 4SN7GTB 1l 8BD 12.6 03
6CSaT 6CR8 1 9FZ 6.3 0.45 125Q7 6SQ7 I 8Q 126 0.15
6CUB 6ANB I 9GM 63 0.45 125R7 45R7 1 8Q 12,6 0.15
GEW6 4EW6 1 7CM 63 0.4 12W6GT BWEGT 11l 7S 126 0.6
6J6 6J6AT I 7BF 63 0.45 14A7 45K7 il 8V 12.6 0.15
6L6GA 6L6GB 1l 75 63 09 14AF7 7AF7 v 8AC 12.6 015
654 654A | 9AC 63 0.6 14B6 65Q7 il 8W 126 0.15
6SN7GTA 6SN7GTB i 8BD 63 0.6 14F7 65L7GT 1] 8AC 12.6 0.15
65U7GTY 6SL7GT Il 8BD 6.3 0.3 14N7 6SN7GTB [T 8AC 126 0.6
678 6T8AT I 9E 6.3 0.45 14Q7 6SAT7 1l 8AL 12.6 0.15
6us 8UBAY I 9AE 6.3 0.45 19CL8A &CLBA [ 9FX 189 015
6Vé &V6GTA I 7S 63 0.45 25BQ6GA 6BQEGTB 1] 6AM 25 0.3
6Y6G 6Y6GA 1] 75 63 1.25 25BQ6GT 6BQ6GTB I 6AM 25 03
6Y6GT 6Y6GA 1l 75 6.3 1.25 25BQ6GTB] 6BQ6GTB 1 6AM 25 0.3
7A4 615 1f 5AS 63 0.3 25C5 50C5 Vil 7CV 25 0.3
7A6 6H6 1| 7AlJ 6.3 0.15 25C6GA S0C6GA Vil 7S 25 0.3
7A7 65K7 Il 8V 6.3 03 25CA5 6CAS | 7CV 25 0.3
7B4 65F5 1l 5AC 6.3 03 25CD6G 4CDEGA I 5BT 25 0.6
7B5 6K6GT I G6AE 6.3 04 25CD6GAT 6CD6GA I 5BT 25 0.6
7Bé6 65Q7 1l 8W 6.3 03 25CD6GBI 6CD6GA [T 5BT 25 0.6
788 6A8 1l 8X 6.3 03 25CU6 6CUS 1T 6AM 25 0.3
7C5 6Vé Il 6AA 6.3 0.45 25DN6} 4DN6 1l 5BT 25 0.6
7EY61 6EY6 It 7AC 7.2 0.6 25EC6] 25CD6GB VIl 5BT 25 0.6
7F7 6SL7GT 1l 8AC 6.3 0.3 "25EH5 T6EHS | 7CV 25 0.3
7H7 65G7 1l 8V 6.3 03 25L6GT 1206GT Vi 7S 25 0.3
7N7 6SN7GT [T 8AC 6.3 0.6 255A7GT 6SATGT I 8AD — —
7Q7 6SA7 I BAL 6.3 03 25W6GT EWEGT I 7S 25 03
10EBBT 4EB8 [ 9DX 105 0.45 35C5 3585 | 7CV a5 0.15
12A8GT 6A8 [ 8A 12.6 0.15 35L6GT 35B5 | 7S 35 0.15

12AL5 6AL5 I 6BT 126 0.15 2 GKEGT 1T 6B 63 0.4
12AT6 6AT6 | 7BT 12.6 0.15 42 &F6 1l 6B 63 07
12AU6 SAUGA | 7BK 12.6 015 50A5 1206GT v 6AA 50 0.15
12AV5GA] GAVSGT 1] 6CK 12.6 0.6 S50BK5 6BK5 | 9BQ 50 0.15
12AV6 6AVE | 7BT 12.6 0.15 50C5 50B5 I 7CV 50 0.15
12B4 12B4A13 | 9AG 12.6 03 50C6GA 50C6G VI 7S 50 015
12BAS 6BAS | 7BK 126 0.15 50L6GT 1216GT Vi 7AC 50 0.15
12BA7 6BAT7 | 8CT 12.6 0.15 75 6SQ7 I 6G 63 03
12BD6 4BD6 I 7BK 12.6 0.15 78 K7 1l 6F 63 0.3
12BE6 6BE6 | 7CH 12.6 0.15 A7A 5842 [ 9V 63 03
12BF6 6BF6 I 7BT 12.6 0.15 1221 617 Il 6F 6.3 0.3
12BK5] 6BKS | 9BQ 126 0.6 1223 617 I 7R 63 0.3
12BK6 T 6BK6 I 7BT 12.6 0.15 1631 616GB 1l 7AC 12.6 0.45
12BN6 6BN6 | 7DE 12.6 0.15 1632 1216GT Vi 7S 126 0.6
12BQ6GAT 6BQEGTB I 6AM 12.6 0.6 1634 65C7 I B8S 12.6 0.15
12BQ6GT] 6BQEGTB il 6AM 12.6 0.6 5591 6AK5 I 7BD 63 0.15
12BQ6GTB] 6BQREGTB [ 6AM 12,6 0.6 5654 6AKS I 7BD 63 0175
12BT6 4BT6 I 7BT 12.6 0.15 5670 2C5I I 8CJ 63 0.35
12BU6 6BUS I 7BT 124 0.15 5679 6H6 Ii 7CX 63 015
12BW4 6BW4 X 9DJ 126 0.45 5691 &SL7GT 11 8BD 63 0.6
12BY7 12BY7Af? I 9BF 12,6 0.3 5692 6SN7GT 1l 8BD 63 0.6
12BZ6] 6BZ6 1 7CM 126 015 5725 6AS6 | 7CM 63 0.175
12C51 50B5 I 7CV 12.6 0.6 5726 6AL5 | 6BT 6.3 03
12C8 4B8 I 8E 12.6 015 5749 4BAS I 7BK 63 0.3
12CAS5] 6CA5 I 7CV 12.6 0.6 5750 6BE6 I 7CH 83 03
12CM6 4CM6 | 9CK 12.6 0.225 57510 2A%7 T 9A 12,6 0.175
12CR6 6CR6 | 7EA 12.6 0.15 5814A3 12SN7GT Vill 9A 126 0.175
12Cs5§ 6CS5 I 9CK 12.6 0.6 5871 6VEGTA Il 7AC 63 09
12CS6 6CS6 | 7CH 12.6 0.15 5881 4L6GB I 7AC 6.3 0.9
12CU5E 6CUS I 7CV 12.6 0.6 5910 1U4 | 6AR 14 0.05
12CU6 6CUS i 6AM 126 0.6 5915 6BY6 I 7CH 63 0.3
12D851 6DBS | 9GR 12.6 0.6 59633 12AU7A | 9A 12.6 0.15
12DF73 12AX7 I 9A 12.6 015 5964 616A 1 7BF 63 0.45
12DQ6A] 4DQ6B 1] 6AM 12.6 0.6 59653 12AV7 | 9A 12.6 0.225
12D75 4DT5 [ 9HN 12,6 0.6 6046 1206GT Vi 7AC 25 03
12D78 6DT8 1 9DE 126 015 60572 12AX7 I 9A 12.6 015
12DW5] 4DW5 1 9CK 126 0.6 6058 &AL5 I 6BT 6.3 03
12EF6] 6EF6 il 7S 12.6 0.45 6059 617 1l 9BC 63 0.15
12G4 615 1l 6BG 12.6 0.15 60603 12AT7 | 9A 126 015
12H6 6H6 1l 7Q 12,6 015 6061 EV6GTA i 9AM 63 0.45
12J5GT 615 Il 6Q 12.6 0.15 6064 6AME | 7DB 63 03
12J7GT 617 i 7R 12.6 0.15 6065 6BH6 1 7DB 6.3 0.2
12K7GT K7 il 7R 12,6 0.15 6066 6ATG 1 7BT 63 03
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TABLE VIII—EQUIVALENT TUBES—Continved

Type Equivalent and Table Base E¢! 12 Type Equivalent and Table Base E¢ 12
0673 12AU7A I 9A 12.6 0.15 6678 sUBAT | QAE 6.3 0.45
080 6AS7G I 8BD 6.3 25 6679 12AT7 | 9A 12.6 0.15
101 616A | 7BF 6.3 0.45 66807 12AU7A | 9A 12.6 0.15
132 6CHb I 9BA 6.3 0.75 66813 12AX7 [ 9A 12.6 0.15
136 EAUGA | 7BK 63 0.3 68293 5965 Vil 9A 12.6 0.225
20132 12AT7 | 9A 12.6 0.15 6897 2C39 Xl —_— 6.3 1.05
265 6BHS | 7CM 6.3 0.175 7000 617 Il 7R 6.3 03
3503 12BH7A I 9CZ 126 0.3 70253 12AX7 VI 9A 12.6 0.15
485 6AH6 | 7BK 6.3 0.45 7137 614 | 7BQ 6.3 0.4
560 6BAS | 7CC 6.3 C.3 7700 617 [ 6F 6.3 0.3
561 6BHS | 7CM 6.3 0.15 EEC813 12AT7 | 9A 126 0.15
562 4BJSA I 7CM 6.3 0.15 EEC82: 12AU7A | 9A 12.6 Q.15
563 6ALS | 6BT 6.3 0.3 EEC833 12AX7 | 9A 12.6 0.15
569 6AQS5A | 7BZ 6.3 0.45 KT-664 6L6GB ] 7AC 6.3 1.27
577 6CL6 | 9BV 6.3 0.65 XXD TAF7 \' 8AC 12.6 0.15
1 Controiled heater warm-up characteristics. 3 Heater center-tapped for operation
! Filament or heater voliage. at half voltage shown.
2 Filament or heater current. 4 British version of 6L6.
TABLE IX—CONTROL AND REGULATOR TUBES
Fil. or Heater Peak Max. Minimum | Oper- | Oper- Grid Tube
Type Name Base Cathode Anode | Anode Supply ating ating o Voltage
Volts Amp. Voltage | Ma. Voltage |Voltage| Ma. Resistor Drop.
g2 Voltage Regulatar 580 Cold — — — | — 185 1% | 530 | — | —
A3/VR75 Voltage Regulator 4A) @ Cold — — — — 105 75 5-40 E—
A4G Gas Triode _ 4V Cold o o With 105-120-volt o.c. anode supply, peak starter-anode a.c. voltage is 70
267 Starter-Anode Type 4V peak r.f. voltage 55. Peok d.c. mo = 100. Average d.c. ma = 25.
a5 Gas Pentode Fig. 19 Cold e —_ Plate —750 V., Screen —90 V., Grid +3 V., Pulse —85 V.
;34 Voltage Regulator 5BO Celd S — PO R 133 o8 | 530 | — | —
33/VR90 Voltage Regulator 4A) Cold e —_— e —_— 125 90 5-40 — E—
22 Voltage Regulator 5BO Cold e == — === 105 75 5-30 e —
C3/VR105 Voltage Regulator 4AJ Cold e —_— — — 135 105 540 — —
D3/VR150 Voltage Regulator 4A) Cold R e = e 185 150 5-40 e e
321 Er‘id-c_rogiro\led Rectifier 7BN i, 63 06 | 650 500 — 650 100 0.1-104 8
elay Tube 400 === S — 1.04 e
24 Control Tubs S5AY Hir. 63 0.25 Ep=2350; Grid vol?szv —580; Avg. Ma.=25; Peak Ma.=100;
oltage drop = 16.
plof ] Voltage Regulator 5BO Cold —_— e _ —_— 125 90 1-40 — e
. " 300 300 — — 2 | 25000 f—
4 Gas Triode Grid Type 6Q Htr. 6.3 0.6 350 30 — 75 25000 —
57 Grid-Controlled Rectilier 3G Fil. 2.5 50 2500 500 —-52 —_— —— —_ 10-24
71 Voltage Regulator —_— = — E—— = — 87 55-60 20 — —
265 Voltage Regulator 4AJ Cold = === —— e 130 90 5-30 —_—
166 Voltage Regulotor 4A) Cold —_ — —_ — 70 5-40 —_— —_—
167 Relay Tube 4V Cold e —_— Charaocteristics same as OA4G
)50 Grid-Controlled Rectifier 8BA Hir. 6.3 0.6 650 500 —_— ‘ J 100 [ 0.1-104 8
551 Voltage Regulator 5BO Cold — — 115 — | 115 [ & [1535] —
362 Thyratron—Fuse Fig. 79 Hir. 6.3 1.5 2002 Ik to fuse—150 Amp., 60 cycle, half-wave 50 V.
396 Relay Service 7BN Hir. 6.3 0.15 5003 100 ma. peak current; 25.ma. overage.
r27 Gos Thyratron 7BN Hir. 6.3 0.6 650 — [ — [ — —
823 Relay or Trigger 4CK Cold = T Max. peak inv. volts =200: Peck Mo.=100: Avg. Ma. =25
390 Shunt Regulator 124 Hir. 63 0.4 Y iy G xeiin el valk,
262 Voltage Regulator 2AG Cold — — —_— 730 700 5/555 E—
798 Series Regulator 8BD Htr. 6.3 2.4 250 125 e 110 100 350¢ _
308 Voltage Regulator BEX Cold B e e 35 115 87 —_— [u—
354 Voltage Regulator Fig. 12 Cold —_— e == e 180 150 5-15 e e —
Y21 Grid-Controlled Rectifier — Fil. 2.5 10.0 e E— —_— 3000 500 JE—
K61 Radio-Controlled Relay ! Fil. 1.4 0.05 45 1.5 30 — [05-15 34 30
1 No base. Tinned wire leads. 3 Peak inverse voltage. 5 Values in 4 amperes.

2 At 1000 anode volts.

4 Megohms. 4 Cathode resistor-ohms.
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TABLE X—RECTIFIERS—RECEIVING AND TRANSMITTING

See Also Table IX—Control and Regulator Tubes

Fil. or Hoater AT | oupw | invene | Piate
Type Name Besse Cafhads Volts Amp Voltage Current Peak Current Type
: Per Plate Ma. Voltage Ma.
Livd o} / Half-Wave Rectifier ac Fil 1.25 02 — 1.0 33000 » HY
1K3/1J3 Half-Wave Rectifier 3C Fil. 1.25 0.2 —_— 0.5 26000 50 HV
1v2 Half-Wave Rectifier U Fil. 0.625 0.3 e 0.5 7500 10 HY
2B25 Half-Wave Rectifier 37 Fil. 1.4 0.11 1000 1.5 —— 9 HV
2X2-A Half-Wave Rectifier 4AB Hitr. 2.5 1.75 4500 7.5 — — HV
2Y2 Half-Wave Rectifier 4AB Fil. 2.5 1.75 4400 5.0 — _ HV
272/G84 Half-Wave Rectifier 4B Fil. 2.5 1.5 350 50 — —— HV
3824 Half-Wave Rectifier Fig. 49 Fil. g:gs gg e gg m ?23 HY
3B28 Half-Wave Rectifier 4P Fil. 2.5 50 e 250 10000 1000 HY
3003 3503
5AU4 Full-Wave Rectifier 5T Fil. 50 4.5 4003 3253 1400 1075 HY
5004 3254
. . 4503 2502
5AW4 Full-Wave Rectifier 5T Fil. 50 4.0 5504 5508 1550 750 HV
RACTA Full-Wave Rectifier 5T Fil 50 20 gg: :fg: 2800 650 HY
5T4 Full-Wave Rectifier 5T Fil. 50 20 450 250 1250 800 HV
5U4G Full-Wave Rectifier 5T Fil. 5.0 30 Same os Type 5Z3 HV
3003 2753
5U4GA Full-Wave Rectifier 5T Fil. 5.0 30 4503 2503 1550 900 HV
5504 2504
3003 3003
oA Ful-Wave Rectifier 5T Fil. 50 30 4508 75 1550 1000 HY
5504 2754
ur: 4253
5V3 Full-Wave Rectifier 5T Htr. 5.0 38 5004 350 1400 1200 HV
5VAGA Full-Wave Rectifier 5L Htr. 50 2.0 3753 175 1400 525 HV
5WAGT Full-Wave Rectifier 5T Fil. . 50 1.5 350 110 1000 = HV
5X4G Full-Wave Rectifier 5Q Fil. 50 3.0 Some as Type 573 HV
5Y3-G-GT Full-Wave Rectifier 5T Fil. 5.0 20 Same as Type 80 HV
5Y4-G-GT Full-Wave Rectifier 5Q Fil. 50 20 Same as Type 80 HV
5Z3 Full-Wave Rectifier 4C Fil. 5.0 3.0 500 250 1400 == HV
524 Full-Wave Rectifier 5L Htr. 50 20 400+ 125 1100 — HV
6AV4 Full-Wave Rectifier 5BS Htr. 6.3 0.95 — 90 1250 250 HV
G6AX5GT Full-Wave Rectifier [ Hitr. 6.3 1.2 450 125 1250 375 HV
6BW4 Full-Wave Rectifier 9DJ Htr. 6.3 09 450 100 1275 350 HV
6BX4 Full-Wave Rectifier 5BS Hitr. 6.3 0.6 E— 90 1350 270 HV
6BYS5G Full-Wave Rectifier 6CN Hitr. 6.3 1.6 3758 175 1400 525 HV
6CA4 Full-Wave Rectifier oM Htr. 6.3 1.0 3503 150 1000 450 HV
6DA4 Half-Wave Diode 4CG Hitr. 6.3 1.2 —— 155 4400 00 HY
6U4AGT Half-Wave Rectifier 4CG Hitr. 6.3 1.2 — 138 1375 660 HV
6V4 Full-Wave Rectifier ITM Htr. 6.3 0.6 350 20 T— —= HY
66—’;:/6?63 Full-Wave Rectifier ::F Hir. 63 06 . 70 1250 210 HY
6723 Half-Wave Rectifier 4G Fil. 6.3 03 350 50 _— —_— HY
= 63 0.9
12DF5 Full-Wave Rectifier 9BS Htr. 26 045 450 100 1275 350 HV
e 6503 70 1250 210
12X4 Full-Wave Rectifier 5BS Hir. 12,6 03 oo0¢ — 1255 TR HY
25Z3 Half-Wave Rectifier 4G Htr. 25 0.3 250 50 — JE— HY
2575 Rectifier-Doubler 6E Htr. 25 03 125 100 —_— 500 HV
2526 Rectifier-Doubler 7Q Hitr. 25 0.3 125 100 — 500 HV
35w4 Holf>Wave Rectifier 5BQ Htr. 35 0.15 125 40 330 400 HV
35Z4GT Half-Wave Rectifier 5AA Htr. 35 0.15 250 100 700 600 HV
35Z5G Half-Wave Rectifier &6AD Htr. 35 0.15 125 60 — _— HV
36AM3 Hall-Wave Rectifier 5BQ Htr. 36 0.1 17 75 365 530 HV
50DC4 Half-Wave Rectifier 5BQ Htr. 50 Q.15 M1z 100 330 720 HY
50Y6GT Full-Wave Rectifier 7Q Hir. 50 0.15 125 85 == — HY
50Z6G Voltage Doubler 7Q Htr. 50 03 125 150 JE— J— HY
80 Full-Wove Rectifier 4ac Fil 50 20 o L) 1400 375 Hy
5004 125
83 Full-Wave Rectifier 4C Fil. 50 3.0 500 250 1400 800 MV
83V Full-Wave Rectifier 4AD Htr. 5.0 2.0 400 200 1100 — HY
84/6Z4 Full-Wave Rectifier 5D Htr. 6.3 0.5 350 60 1000 -— HV
Lo Rectifier-Tetrode 8AO Hir. 17 0.09 17 75 — == HY
117N7GT Rectifier-Tetraode 8AV Htr. 17 0.09 117 75 350 450 HV
117P7GT¢ Rectifier-Tetrode 8AV Hitr. 17 0.09 117 75 350 450 HY
117Z3 Half-Wave Rectifier 4CB Hitr. 117 0.04 117 90 330  — HV
816 Half-Wave Rectifier 4p Fil. 2.5 2.0 2200 125 7500 500 MV
836 Half-Wave Rectifier 4p Htr. 2.5 5.0 o —_— 5000 1000 HV
866-A-AX Half-Wave Rectifier 4P Fil. 2.5 50 3500 250 10000 1000 MV
8668 Half-Waove Rectifier 4P Fil. 5.0 50 —_ _ 8500 1000 MV
866 Jr. Half-Wave Rectifier 4B Fil. 2.5 25 1250 2502 — — MV
872A /872 Half-Wave Rectifier 4AT Fil. 50 7.5 —_— 1250 10000 5000 MV

! Tapped for pilot lamps.
2 Per pair with choke input.

3 Capacitor input.
4 Choke input,

5 Using only one-half of filament.

6 Obsolete.
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Maximum Ratings Cathode Capacitances Typical Operation
e g s| & g g g £| = £
Type -% - E E E § £ 8 H Cin Cor | Cou Base S - > E 2 f ) m;° .E % g°
8 W =] £ OE S| = @ ppf. | uufo | upf. a8 o =] EIOE|ofs|a (o] R
LFE 22|88 | 58| o= BS| 2 = 22 |g2 | m2| gt |yL|asE|gT | 8BS
§425 55| E5|Ys5| 35| E} © E BL 85 | To | 85 |Y5|cE5(98 | a53
o/ x> |20 |00 | &L | <L > < Ca > | 0> | &80 |00 |d6a |d8 |[<0&
8-A G | 1351 7 | 10| 0] 12 125 {01 |06 |26 |08 [5BD | CTO | 13| —m ] 7 0] 0035 — | 08
GAT: 15 | 300 | 30 |16 | 20|32 | 63 | 045 |22 |16 |04 |7BF cT 150 | —i0] 30 | 16 | 035 | — | 35
02 Ve | 20| 8 | 20 | 20| 25 | 63 | 015 |12 |14 |11 |78S CTO | 8| =35] 7 15 — [ = T 0s
5 6 | 180 ] 8 | 20| 20|25 | 63 | 015 | 10 |14 |06 |5BC CTO | 18] -3 7 5| — | — | 03
1148 18 | 80| 12 | 30| 300 13 14 |o1ss |10 [13 [0 |2t g; e :gg _;3;2 :: 22 8; = '1:;
=13
4 20 | 10| 20 | 80| 00|17 63 0225 | 20 |15 |06 |7BR cTo | 1| s 2 | 75| 02 | — | 18
20004
AU7AZ 2756 | 350 | 125 | 355| 54| 8 | 43 |03 |15 |15 |05 |9A €TO | |- | 24 | 7 | — | =T =8
26 30 | 150 | 30 | 10 - | 400 24 63 | 02 | 22 |13 |038 [Fig. 16| CTO | 13| 1300 @™ | 55 — | — T 128
615 6 | 35 | 0| o [ 40| 0|2 | &3 [075| 14 |16 [12 [Fig. 71 E; £ ggg ﬁig 228 gg g; i gg;
3 50 | 3% | 25 | 80| 5| 18 | 43 | 015 |18 | is |13 |68G | CTO | 30 —v | = | 70 035 | — =z
36 5 | 15005 — | — | 1200] 25 | 63 | 04 | 14 | 24 | 036 | Fig. 21| CT-O'5] T000° 0] %0 | — | — | — [ 208
a7 3 350 | — | — |3300| 25 | 63 | 04 | 14 | 185 002 |Fig. 21| cTou| 10| 300 15 | 36 = [ — T o3
Iy 5 | 15005| 115| — |3300] 25 | 63 | 04 | 1.4 | 1.85 | 002 | Fig. 21] CT.0% | 10005 T | = == o
73 5 165 30 | 8 |3000] 20 | 63 | 0.135 | 23 | 13 |009 |Fig.21] GGO | 1@ | =8| 25 | 4 | — T — T oos
72 556 | 350 | 306 | 506 10| 35 | 63 |08 | — | — | — |88 CTOV | 350 | —100 | 80 |18 | — | — | 145
a0 65 | 500 25 | — | 50| 3 | 63 | 075 | 21 |13 |005 |Fig. 11| CTO | 250 —5| =2 | 03] — [ — T oo7;
93 80 | 40| 40 |13 [1ww00| 2 | 60 |033 |25 |175 |007 |Fig.21 g; ggg 432 gg : B 1= 53
-6442 80 | as0| 35 |15 |=2s00| 47 | 63 |09 | s0 |23 |00z | — E; ;?2 -ﬁ gg :: = =" =
-314 10 30| 8 |20 | 2|13 63 | 08 |34 |24 |05 |Fig.70| cTO | 30| —36| 8 |2 | 18 | — | 16
a3 2 50| 40 | — | 129048 | 63 [ 09 |29 |17 |005 [Fe.i|cTo [ a0 — | @ | — | — 1 — T &
: 5T —= =
63 13 | 40| s |25 | o]z | &3 |o0m [29 |17 |oos | — 1S3 e T o
a3 7 200 | %0 | 25 | 50| @ | 63 |02 | 295 | 175|007 | — | CT 350 | —45] 40 |15 | 3 = 8
Y 15 450 | 65 | 15 g| so| 75 | 125 | 41 |70 |30 |ap E; 2 ;ig = ‘lgg ig 1; 322 = :;
75A 15 40| 90 |25 | 75| s6 | 63 |26 |18 |26 |10 |21 g; 2;8 _1]:8 :3 ;’g gi = ;?
cT 600 [ — 15 | 65 | 15 | a0 | — | 25
1-A/801 | 20 60| 70 | 15 0| 80| 75 | 125 | 45 |60 |15 |4p CP 500 [—1%0 | 55 | 15 | 45 | — 18
87 €00 | —75 | 130 | 3207 | 300 10K | 4%
T 0 | = ] —
b 20 750 | 85 | 25 0|20 | 75 | 175 |49 |51 |07 |36 (C:.P ; 58 = fj ?g I'g 2: = 2,;
cT 70| —40| 85 | 28 | 375 | — | 44
20 0 750 | 85 | 30 |6z | 75 | 175 | 53 |50 |os |36 cP 750 | —100 | 70 | 23 | 48 | — | 38
B 800 0 [40136 160 | 18° |12k | 70
=T ) — = [ = [ &0z | 55 |42 | 14 |15 Fia. 51 2000 | —130 | 63 | 18 | 40 | — [0
i 0 cT0 1508 —95| & | 13 | 22 | — | 75
: e | =70 72 | 9 | 3 | — [ &
25A3 25 |2000| 75 | 25 |24 | 63 |30 |27 |15 3G - A S N N N A
100 21 | 18 |01 | Fia. 3 W00 [ =170 & | 77 | 45 | — |00
o ] 0 | g3 |30 [ 25 117 J04 [36 cTo [180 [ 10 | & [ 15 [ 31 | — | 75
2503 I el Sl Sl S B O I I P 1000 | —80] 72 | 15 | 26 | — | &
G 7 | 1.5 |03 B 2000 | —85 | 16780 | 250° | 1.18 | 555K [ 110
R T cT 2000 | =130 | 63 | 18 | 4 — oo
24 77 1600 ] 0 | 73| 60| 24 63 | 30 |17 |16 |02 |2p cF T600 | —170 | 8 | 11 | 31 | — | 8
w300 | 75 AB7 | 1250 | —42 |240130 | 207 | 34 [214K [ T12
cT 2000 | —140 | % | 18 | 40 | — | %0
124 25 |2000| 75 | 30 0|25 | 63 |30 |25 |17 |os |36 e s [ oE] & TE 5 —1%
5 = GMA | 1000 | —135 | % | 4 [ 35 | — [ =
25 0 000 &5 | @ | 0| 18 | 63 | 192 | 27 | 28 |035 |4AQ@ [CP 800 | —105 | 40 | 105] 14 | — [ ==
% LW T T s Th T
" 6.3 3.5 ; cT 00 | — ; —
?;§§ zz | X0 500 180 [+ 30 Q|8 e 2 [ |1 | Be g 200 | —100 | 150 | 30 | 35 | — | 45
6A 50| 65| 20 | 365 |12 |16 |08 —~ - Ml 0 100 O 0 )
S35 450 | 80 | 12 : ; - - ; i CP 400 | — 80 [ 12 | — | — | 65
cT 1000 | —75] 100 | 25 | 38 | — | 75
g 0 1w |i2s | — | | | 63 |25 |57 |67 |09 |36 cP 750 | —e0 | 100 | 32 | 43 | — | 5
B7 T000 | —9 |40/200 | 155v | 278 |11.6K | 145
CTO |1000] =90 100 |20 | 31 | — | 75
23 30 1000 | 100 25 60 20 63 2.5 57 6.7 0.9 3G C-P 750 | —125 100 20 4.0 — 55
B 1000 | _—40 |30/200 | 230° | 428 |12 145
5 | oue CTO [1000 | —90] & |14 | 16 | — | 35
12 o || s |20 | s0|18 | 63 |20 i; g | Fig. 54 [ CF 80 | —105 | 40 | W05] 14 | — | =
SgovzA : 2 GMA 1000 | —135 | % | 40 35 | = | 2
CTO |150 | —140 | 150 |28 | 90 | — T3
= 40 | 150|150 | 40 0|25 | 75 | 25 |45 |48 |08 |36 = s e T e T T im T —
CTO | 150 | —90 | 15 | 28 |10 — es
. & |50 |08 |36 cP 1250 | 100 | 125 | 30 | 75 | — [Tie
A0 LI il R IR N & TB00 | —9 | 2500 | 285" | 608 12X |20
50A4 4 03 |36 cT 2000 | —135 | 125 | 45 |13 — |20
T 15 |200|150 |50 | 1003 50 | 40 1.8 cp 1500 | —1%0 | %0 | 40 |11 — 705
;%P“ = s B 2000 | —40 | 4/167 | 255 | 408 | 275K | 235

1 See page Y27 for Key to Class-of-Service abbreviations.
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TABLE XI—TRIODE TRANSMITTING TUBES—Continved

Maximum Ratings Cathode Capacitances Typical Operation
. il | sl 5§ |_ 8 £ £
8 ZE| o= | E| B m - " _ z |mE |, E|
wee | §.| 8| |6z |35|E, E | n| k|| B | %3 | &) &) % |53 ({230 %%
gE| g8 22| L2 g (B8 2 e vy (22| g2 |22 |2 |a53| 5| aL:
5238|5855 |85|4Y5|e3|EF S E 8k 85| €5 |85 |Y5 |23 8| 233
TZoZ | 2> |20 | a0 & | <L > < Cw B> | 0> |20 |60 |[40a|ald|d0a
T 3000 | —290 | 100 | 25 |10 — 2%
HK54 5 |3000 150 | 30 100 | 27 50 |50 |19 |19 lo2 |2p cP 2500 | —250 | 100 | 20 | 80 | — | 210
B 2500 | 85 [20/150 | 360" | 50 |40k | @75
T 1500 | —170 | 150 | 18 | 60 | — | 170
755 55 1500 | 150 40 40 20 7.5 3.0 50 3.9 1.2 3G P 1500 —55 58 15 %0 — 145
T 150 | —113 | 150 | 35 | 80 | — |17
E 55 1500 | 150 | %0 60 |160 63 |40 |55 |55 |os |36 cr 1250 | —125 | 125 | &0 |10 — 1
B 1800 | —9 |20/200 | 1505 | 308 | 17.6K | 220
T 1500 | =175 | 150 | 25 | 65 | — | 170
812 55 1500 [ 150 | 35 60 | 63 |40 |53 |52 |os |36 cr 1250 | =125 | 125 | 25 | 60 | — |1
B7 1500 | —45 |50/200 | 2320 | 478 |18k | 220
CTO |00 —70] 130 | 35 | 58 | — | %0
826 55 1000 | 140 | 40 250 | 31 75 |40 |30 |29 |11 |7BO cP 1000 | —160 | 95 |40 1.5 | — | 70
GMA | 1000 | —125 | &5 95| 82 | — | 25
CTO 1000 | —110 | 140 | 30 | 70 | — | %
8308 60 1000 {150 | 30 15|25 |10 20 |50 [N 18 |36 cp 800 | —150 | 95 | 0 |50 | — | ®
9308 5 1000 | —35 |20/280 | 270 | 608 | 7.6K | 175
T 500 | —70 | 173 | 40 | 7.1 — 20
811-A1 65 1500 175 | 50 60 [160 63 |40 |59 |ss |07 |36 cp 1250 | —120 | 140 | 45 100 | — [135
& 1500 | —4.5 |32/313 | 1707 | 448 | 124K | 340
T 1500 | —120 | 173 3 6.5 — [ 190
812-A 65 1500 [ 175 | 35 60 | 2 63 |40 |54 |55 |o77 |36 P 1280 | —175 | 140 | 35 | 7.6 | — |13
B 1500 | —48 |28/310 | 270 | 50 |13.2K | 340
cT 1500 | —106 | 175 | & |12 — 200
5514 85 1500 | 175 | 0 60 | 145 75 |30 |78 |79 |10 |4aBO cr 250 | —84 | 142 | &0 |10 — 135
B 1500 | —4.5 | 350° | @8 | 6.5 | 105K | 400
cT 2000 | —200 | 150 | 32 |10 — (225
;grfim 75 |3000 |225 | 40 40 | 20 50 |625 |27 |23 o3 |2p CP 2000 | —300 | 110 | 15 | & — [0
B 2000 | —90 |50/225 [350° | 38 |19.3K | 300
cT 2000 | —300 | 150 | 21 | 8 735
375A2 75 |3000 225 | 35 40|12 | 50 |e2s |26 |24 |04 |20 cP 2000 | —50 | 130 | 20 |14 — {210
75TL
AB7 | 2000 | —190 |50/250 | 6007 | 55 |18k | 350
T 1500 | =130 | 20 | 32 | 7.5 | — |2
8005 85 1500 [200 | 45 60|20 |10 325 |64 |50 |10 |36 cP 1250 | —195 | 190 | 28 | 90 | — |70
5 1500 | —70 |40/310 |30 | 40 |10k | 300
pen E‘gg —700 | 170 | 19 | 39 | — |25
—50 | 165 | 19 [ 39 | — |19
V-70-D 85 1750 | 200 45 30 — 7.5 3.25 4.5 4.5 17 3G o 1500 —50 165 T 27 i 185
250 | —72 | 127 | 16 | 26 | — |12
cT
dor 4 o |30 |25 | & 40 | 40 50 |63 |29 |20 |o4 |20 cF S0 | e || 1B = [
B 3000 | —65 407215 | 335 | 508 |3IK |68
2-100A2 E; 3000 | —400 | 165 | 0 |20 — |40
Sl 100 |3000 |225 | %0 40 | 14 50 |63 |23 |20 |o4 |20 e e B
B 3000 | —185 |40/215 | 6407 | 608 |30K | 450
N " - cT 2000 | —340 | 210 | & |25 —— || 315
VT127A 100 | 3000 150 (185 | 50 104 |27 |23 |035 |Fig.53 = e T
a i Sl T 1250 | —225 | 150 | 18 | 70 | — 130
100 125 175 | 0 1512 |io 325 4E P 000 | —260 | 150 | 35 |14 — [0
3n &0 | 925 |50 ;
& 1250 | —100 |20/320 [410° | 808 | 9K |260
cT 3000 | —245 | 165 | 40 |18 — [0
254 100 |4000 |25 |e0 | — |25 50 |75 |25 |27 o4 |2n cP 2500 | —360 | 168 | 40 |23 — (335
B7 2500 —80 [40/240 | 4609 25 252K | 420
CTO | 135 | —180 | 245 | 35 |11 — (2%
8003 100 1500 |250 | 50 W1z |10 325 |58 |7 |34 |3aN ce 100 | —260 | 200 | 40 |15 T
B 1350 | —100 |40/450 [480 [10.58 | &K |40
100 1000|1254 | . - GGA |80 | —20 | 8 |30 |& — | &
3CX100A515 {— o—tio| |20 |10 60 105 |70 |215 looss | — 1= T —
IAOAIT oo w000 |60 |40 | s0 o0 | 63 |11 |es |15 foo3 | — |Gic |ew | —as| e |4 |s0 |— |
GL2C39As 100 65 |15 [0035 CTO | 90| —40 | %0 |30 | — | — |40
GL2C39B's T 70 e |[lass |9 WY 180 es | 70 |15 J0035| | cCP 00 | —150 | J00% | &0 | — | — | —
3c22 125 T000 150 | 70| 500 | 40 63 |20 |49 |24 [005 |Fig.17 |CTO 1000 =20 | 1% |70 | — | — | &
CTO 1280 | =150 | 180 |30 | — [ — |1
GL146 125 1500|200 | 60 15|75 |10 325 |72 |92 |39 |Fig.56 [CP 1000 | —200 | 160 | 40 | — | — 100
B 1250 0 [34/320 | — | — | 84K |20
CT0O (1250 |—i50 | 180 |30 | — | — |1
GL152 125 1500 |200 | 40 15125 |10 325 |70 |88 |40 |Fig.56 [CP 000 | —200 | 160 | 30 | — | — |10
B 1250 | —40 [16/30 | — | — | 84K | 250
(o 1500 | —105 200 40 8.5 — 215
805 125 1500 210 | 70 30 |40 760 | 10 325 |85 |&5 105 [3N cF 125 | —160 | 160 [ &0 |15 — T4
B 1500 | — 16 |84/400 |2807 | 7.08 | 8.2k [ 370
cT 2500 | —200 | 200 | 40 |18 — [3%
AX9900/  |iac  los00 [200 |40 | 150 (25 | 3 |54 |s8 |&s |oa lFg.3 [CF 000 | —225 | 127 | 40 |16 T
586615 ' - - : - :
B 2500 | —90 |80/330 |350° 148 |15.68K] 560
315083 50 s T 3000 | —300 | 250 | 70 |27 —)
- 150 |3000 |450 |85 4 | 20 57 |48 |04 |4BC P 2500 | —350 | 200 | 30 |i5 — 40
152TH
10 6.25 B7 2500 | —125 [40/340 |390% |i48 17K | 600

1 See page V27 for Key to Class-of-Service abbreviations,
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Maximum Ratings [ Cathode Capacitances Typical Operation
5 " »
] ] B = 1 1 = "
g S af|gf|E £ | Cu | Cop | Con w 2 =2 |, $| E|. ;g
P Bl BB (OF (32 55| o | £ |wh | wh | wh| B 08 |\ B B|,3 (8% |82%(a0 53
$25 85 |EE|vE|¥fs|Fs| 5| E 88 |53 |23 |85 |uE |BEZz|/2%|BS:
=aZ2|a> |20 |68 (&l <8 = < & |=> |03 |=8 |ad |<ad|al |16
-150A2 5 12.5 T 3000 | —400 250 40 20 — 4600
52TL 90 |04 |78 V1R m E i Rl i B 3000 | —260 |65/335 6757 | 3 204K | 700
(&) 2500 | —300 200 18 8 — 380
IF20TA 150 2500 | 200 50 30|18 10-11 | 4.0 8.8 70 12 Fig. 15 | C-P 2000 | —350 160 20 9 — 250
B7 2500 | —130 | 60/380 | 4609 88 16K 600
sisc2a |10 |wmlwr | — | — | 8 0 | s2 |se {88 |33 |Fig.15 :lla, I'fgg :;gg ;%a o gf” 2;"(5)
CT 2500 | —180 300 &0 19 — | 575
[T 2000 | —350 250 70 35 == 380
10 175 2500 | 300 75 | 3 10 4.5 8.7 4.8 12 2N A 250 =140 10 o0 | 4 — 7%
B7 2250 —60 |70/450 | 3807 138 11.6K | 725
CTO 2500 | —240 300 40 18 == 575
g EP | 2000 | —370 250 37 20 — | 380
aco 175 2500 |[300 45 30| 165 | 10 4.5 5.0 6.4 3.3 2N GMA 2250 | —268 00 ] 0 o — 7%
B 2250 | —130 [65/450 | 560¢ | 7.98 [12K | 725
- T 2500 | —280 350 54 25 — | 685
200 200 2500 | 350 80 30 | 16 10 575 25 79 1.6 2N =F 5000 | =280 300 = 3 — g
200 3500 [250 |25 | [ LeT 3500 | —270 | 228 30 |15 — | 400
9120/6;3 130 2600 |200 2513 150 | 25 10 50 3.6 33 0.2° | Fig. 28 ! C-p 2500 | —300 200 35 19 — 375
) 200 3500 [250 | 250 [ & 2000 | —50 [120.500] 5200 | 208 B.5K | 600
P - o o [ &T 3000 | —400 | 250 28 |18 — [ 600
F300 200 3000 | 275 40 = 23 11-12 | 40 6.0 6.5 1.4 2N o] 2000 | —300 250 36 17 = 385
B7 3000 | —115 | 60/360 | 4509 | 138 20K 780
T 3000 | —400 250 28 20 — | 600
-300 200 13000 [300 — = 23 11 &0 6.0 7.8 1.4 — GP 2000 | —300 250 36 17 s 385
B7 2500 | —100 | 60./450 | — 7.58 = 750
CT 3300 | —600 300 40 34 — 780
(0.3 225 3300 |[300 50 30 | 124 50 10 6.1 4.2 1.1 | 2N CiP 3000 | —670 195 27 24 s 460
| B7 3300 | —240 | 80/475| 930° | 358 16K 1120
cTo |20 [ —00[ 357 94 [29 — 484
3000 | —150 333 90 32 — | 750
;%?l_?_f“‘ 250 4000 |350 |4003 | 40 |37 50 105 |46 |29 |05 |2N i zosgg = }; 1 Zi jg |2§ — igg
3000 | —200 | 200 38 | 14 | — [435
AB7 1500 0 |220/700) 480% | 468 [ 42K ] 630
cro |00 [ 2007 350 | 45 [22 | — |85
3000 | —350 335 45 29 — | 750
_250A2 2000 | —520 250 29 24 — 335
50TL 250 4000 | 350 3513 40 | 14 50 10.5 37 30 0.7 2N CiP 2500 | —520 225 2| 16 — | 400
3000 | —520 200 14 11 — 435
AB27 1500 —40 |[200/700| 7802 | 388 3.8K | 580
Crl 3000 | —250 343 &9 & = 840
867 250 3000 |400 |80 100 | 25 50 |141 77 |59 |018 |Fig.3 [ CP 2500 | —300 | 250 | 70 |28 — (2
X-9901 & 3000 | —110 | 5708 | 46% |32 142K [1280
1 2500 | —70 | 300 | 85 |75 | — | 585
| — 20 —_—
L-656915  [250 4000 1300 )20 30 |45 50 |145 7.6 |37 |01 Fig. 3 | G'GA 2238 —1?3 L ggg I;g :;D = ;Dlg
} ; 4000 | —120 | 280 | 50 |70% | — |8
4 | 10 1500 | —125 665 115 25 — 700
50 |25 | 2000 | —200 600 125 39 — | 900
6:“"‘;‘:'“ 00 |3000 [900 |é02 | 40 | 20 135 (102 |07 |4BC & ;388 ;ggg ﬁg fg ;i — :gg
10 125 2500 | —35%0 400 60 29 — 800
ABy7 1500 —65 | 10658 | 3307 | 258 2.84K [1000
. cro | 1500 | =250 | 665 9% |33 — | 700
2000 | —300 400 85 36 — 900
50 125 2000 | —500 [ 250 | 30 [18 — |41
_300A2 cP 2000 | —500 500 75 52 — 810
04TL'® 300 3000 (900 5003 | 40 | 12 121 | 86 |08 |4BC ‘ 2500 | —525| 200 | 18 |11 — 425
2500 | —550 400 50 36 = 830
10 12.5 ARy 1500 | —118 |270/572| 236% 0 2.54K | 256
2500 | —230 [160/483]| 4609 0 8.5K | 610
AB27 1500 | —118 | 11408 | 4909 | 398 275K|1100
- 2250 | —125 445 85 23 —_— 780
350 3300 30 S 3000 | —160 335 70 20 — 800
33A 500 100 35 10 10 12.3 63 8.5 Fig. 41 cp 2500 | —300 335 75 30 — 635
45015 | dgioars 2015 3000 | —240 | 335 | 70 |26 — 800
B7 3000 | —70 [100/750| 4009 | 208 9.5K [1650
— K20 —
L-658017 [400  |4000's|3s0 |120 | — |45 | 50 |145 |76 |39 |01 |5BK | GGA ;288 _;;U 32(5}0 922 ;;J E 2230
Cathode resistor in ohms. G-I'C = Grid-isolation circuit. 11 Class-B data in Table Il
KEY TO CLASS-OF-SERVICE ABBREVIATIONS G'M'A = Grid-modulated amp. 12 1000-Me. c.w. osc.
A = Class-Aj a.f. modulator. 2 Twin triode. Values, except interelectrode capaci- 13 Max. grid aissipation in watts.
AB = Class-AB push-pull a.f. modulator. tances, are for both sections in push-pull, 14 Max. cathode current in ma.
AB2 = Class-AB2 push-pull a.f. modulator. 3 Qutput at 112 Mc. 15 Forced-air cooling required.
B = Class-B push-pull a.f. modulator. 4 Grid leak resistor in ohms. 16 Plate-pulsed 3300-Me. osc.
C'M = Frequency multipliar. 5 Peak valves. 17 1900-Mc. c.w. osc. )
CP = Closs-C plate-modulated telephane. & Per section. 18 No Class-B data availoble.
CT = Class-C telegraph. 7 Yalues are for two tubes in push-pull. 19 linear-amplifier tube-operation data for single
CT-O = Class-C amplifier-osc. 8 Max. signal value. sideband in Table 11-1.
G'G'A = Grounded-grid class-C amp. ¢ Peak o.f. grid-to-grid volts, 20 Includes bias loss, grid dissipation, and feed-through
G GO = Grounded-grid osc. 10 Plate-pulsed 1000-Mc. osc. power.
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TABLE XII—TETRODE AND PENTODE TRANSMITTING TUBES

Maximum Ratings Cathode Capacilances Typical Operation
; -
>
] 0
> i3
w Ao a o - .=; S .
L E Z 5 ® c & 2 2 2lay| E£|6%
Type i2 a3 ¥= % c,; P ,ﬁ" Base | . > o ol Bol e £ x leE| = %=
a 8l =l cS|E8 I B e o o cm fO 2 El eE t|o2 a9 o
06| o5 | 85|88 || =2 | & 87 |22|82| 88| o8| 28 | 88 |wE|8% |52 |as
82185 |82 25|65 5 | E SE |E5|55| 55| 33| 25 | B5 |25 50 (53|82
o> | vwalw> L > < Own &> wu>|vu>| 0> | 20 |0 (00 (€5 (ol |da
Pl CT |20 |20 —20 | @ I I I I S
69393 75 | ws| 3 | 200 | 500 66 | 015| 1.55 [Fig. 13| CP |80 [180 | — =20 | 55 WE| W[ | = &
126 | 0375 CM (200 [190 | — | e8K1| 46 0 | 22]09 | = | =
25 [ 2 CT 500 [200] 45 |—90 | 55 | 38 T 05 | — | =
RK25 10 50| 8 | 20| — 13T |10 02 [10 | 6BM I im0 =% | 4 30 s (08 | — | 135
CT |20 |20 — |5 | @ 0 | 2502 [ — [ 75
2E30 10 25| 25( 250 | 160 | 6 |07 |10 05 | 45| 7CQ Ry o (2w | — [ (%710 | 470 | 23702 3K |7
CT [ 50| 200] 40 [—=70 | &0 5 | 4 (04 | — |28
837 12 s0| 8 | 300 20 126 |07 |16 02 |10 | eBM LT e T —
126 | 038 CT [ 300 |20 — |—55 | 80 5T 16115 | — 10
7551
7558 12| 0] 2 | 2| 75 =g 0 015| 88 | 9K om0 | — =75 | 70 30| 2310 | — | 75
CT. | 3% | 250 | — |—285| 4851 2] 16]01 | — | 12
5763 60 | 075 L. 300 | 250 | — |—425 50 6 24 | 0.15 = 10
Garr | B5 | | 2 | B0 | D mge om0t | O3 4| K M sw [ | = =75 | 4 4 [ 1 08 | — | 21
CMd | 300 | 235 | — |[—100 | 35 511 (06 | =1 13
CP |50 [ 180 — [—45 | 54 8 | 25006 | — |18
2E24 135 | 60| 25| 20 | 125 | 635|065 |85 | 0| 65 | 7eL oSl a8 L M o T —t =
& |- CT 600|185 | — |—45 | & 0 [ 3 o7 | — 2
26260 lias | eoo| 25| 200 | 125 (o222 125 | 02 | 7 |7k [ CP [s0 [0 — [—w0 | = 5 | 25015 | — |18
6893 & : AB# | 500 | 125 | — |—15 |2/150| 37 | — | 036" | 8K | &4
CT [300 [200 | — |—45 | 100 3 1 3 oz | — 185
63 | 082 . CP |20 100 — | 15K 86 31 3302 | — | 98
63602 14 0| 2 | 200 | 20 ey 62 | O | 26 (Fie BieEn e e T — =10 | a8 35| 38045 78
AB; | 300 | 200 | — |—21.5[30/100 | 1/11.4 | 648 |00d | 62K 7.5
CTO [ 450 | 250 | — =45 | 75 5 1 3 Jo4 24
2E25 15 40| 4 |20 | 125 | ¢ |08 |85 | 0as| 67 | 5BS [CP 400 [20 | — =45 | & 12 3 o4 | — [ s
AB5 | 450 | 250 | — |—30 |44/150 | 10740 3 097 | 6K |40
53 | 16 CT 750 | 200 — |—85 | 48 15 | 28019 | — |2
832A° 15 20 3 | AN e e 8 007) 38 | 7BP I~ (20| — [—e5 | 36 6 | 26|01 | — 17
CT | 400|300 — [=5 | 75 105 5 |03 | — [ 153
1619 15 40| 35|30 | 45| 25 |2 |05 | 035|125 |Fig.74[ CP | 325 285 | — |—%0 | &2 75 281008 | — |13
AB2¢ | 400 [ 300 | 0 |—165|75/150 6.57115] — o0& | &K | 3
TT [ 600 | 250 | — |—e0 | 75 15 | 5 (05 | — [ &
5516 15 0| 5 | 250 | 8 | 6 |07 |85 | 012 65 | 7eL [ CP 475 (20| — [—90 | &3 0 | 4 |05 | — |2
ABz | 800 | 250 | — |—25 | 36/140| 1/24 | # |016 | 10.5K| &7
= |13 T 800 [ 2% | — |—& | 140 % | 4 |20 =
izxﬁ:s{w: 0 70| 4 | 300 |30 (=t -=d 65 | — | 25 |Fig.7 [CP |60 20| — [—80 | 100 12 T a0 | = =
: : B | 500 | 250 | — [—26 | 25/73 [0718 | 528 | — | K | 2535
CT | 450 | 250 | — |—45 | 100 8 | 2 Joi5 | — |3
1614 25 40| 35| 300 | 8 | 63 |09 |10 04 [125 | 7ac [CP (a5 [2%0 | — =% | % 7 | 2 015 | — | 245
ABis | 530 | 340 | — |—36 |e0/160] 27 | — | — |7 | H
| 1 CTO | 50 |20 — |—45 | 150 7 | 25]013 | — |5
8150 25 500 4 | 200 | 125 =2 1133 | 02 | 85 | 8BY | CP [400 |175] — |—45 | 1% 15 | 3 |o16 | — [45
! : AB; | 500 | 125] — |—15 | 2150 37 | — |03g | 8K |5
CT 600300 — [—e0 | %0 10 | 5 043 | — |35
1624 25 60| 35|30 | 6 | 25 |2 |n 025| 7.5 |Fig. 66 CP |50 | Z75 | — |=%0 | 75 5 | 33|02 | — | =
ABz¢ | 600 | 300 | — |—25 |42/180 | 5715 |06t | 1.7 |75k |72
o |30 (170 — |—é | 135 5> | 2502 | — |4
614613 63 | 1.25 750 [ 160 | — [—62 120 11 3.1 0.2 — [ 70
CTz [ 400 | 190 | — =% | 1% 104 | 2230 | — [35
200 |10 | — [—8& | 112 78| 34|04 | — |32
3 | 250 | ¢ |126 |0s25]135 | 02| 85 | 7ek |
6883 23 740 i CP e | = T=87 T 12 78 | 3404 | — | &2
ame | 600190 | — |48 [28/270 [12/20 | > [008 | [113
6159 25 |03 * 750 [ 165 | — [—46 |22/240 [03/20 | 247|004 | 74K 131
ABi® 780 [195 | — |—50 [23/220 | 1/26 [1008 |0 8K 120
CT |60 20| — =4 | 1™ 8 | 37102 | — [ %
a |25
%:;’-— 25 0| — | 300 | 100 ]6236 i 01| 34 |Fig.76[ CP 500 (200 | — =61 | 100 7 | 25102 | — |40
Sl AB2 | 500 | 200 | — |—26 |/116 [00/10 | 26 00 17K 40
80713 CT |75 | 290 | — |=45 | 100 6 | 350 | — [®
807W 63 | o9 S5AW[ CP | 600 275] — | —9%0 | 1®© 65| 4 |04 | — [425
35| 300 | 0 12 2| 7
5933 e - AB% | 780 | 300 | — |32 | 60/240 | 5/10 | 925 [027 | 695K [120
162513 126 045 5AZ | B0 | 780 | — | — | 0 157240 — |55 |53 |66k 10
372 ) 750 10 | 2% | — | 63 |15 |13 |02 | 8 |5 [ctol7m | 2® | ®s =0 | 1% 6 | 6 105 | — =
AX- 63 |18 CT |600 |25 | — |—8 200 16 2 |o2 — | 80
f s 60| 7 | 250 | 230 B3 4L 67 | o0o8| 2 .7 '
k4557 0 126 |09 e CP |60 [25%0 | — [—100 | 200 2% | 8 |12 | = |8
— CT |50 [ 20| — |—45 | 240 | 32 |12 107 [ = T5
3 |225
g:;gj 40 750| 7 | 240 | 200 1;2 Ties] 145 | 012| 7 | 7BP [TCP | 425 [200 | — |—e0 | 212 35 |11 |08 | — | &3
il B | 500|200 | — |—18 |27/230 | — | 56* [039 | 48K |75
= oz CTO |75 |30 | — [=70 | 120 5 | 4 [025 | — &
HY1269 40 7500 5 | 30 | 6 |qseioe 16 | 025| 7.5 |Fig.65] CP | 600 [ 250 | — [=70 | 100 125 | 5 o5 | — |42
ks ABz | 600 300 | — |=35 | 200 | — | — |03 | — |8
- 2000|375 | — |—300] % | 2 | 10 |40 | = |40
10 400 125 63 3 6. X 2.4 . 265
apaa 45 | 2000 5 |02 Fig- 75| CT-0 (e s o Tt 0
5% | T4 - [ 7030 — |—w0 ] 240 |2 |12 |15 | — 135
4p22 55 | oa '8-26) CT w30 [ — =0 [ 215 T |0 1% = Ti%
L 50 | 750 | 14 | 3% | 0 2 |ow |13 cp 90— | — [—100| 20 [ 28 [0 [125 | — |00
4D32 43 375 Fig. 27 50| — | — |—100 175 17 6 0.6 = 70
AB:b | 600] 250 | — |—25 [100/365| 267 | 700 | 045 | 3k 125
- CT 1500300 | — =9 | 1% |24 |0 115 T — [
14 65 500 10 300 30 10 % L5 0.1 13. Fig. 64
. ! s e il CP |1250[300 | — |10 | 145 | 20 [0 |32 | — [ %

4 See page V29 for Key to Class-of-Service abbreviations.
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<
[\5
«

Maximum Ratings Cathod Capacit Typical Operafion
4 -—
w I w ;; i
o B i . ;| s | o2 o|E2
Type E;’ ° éi - u'-g P C;; C,; c';.' Basg | > § E‘ g g ] E O;&
e o ce| ED E.S 5 RSe[| WA | R :3 Sle & ggl & ] cE T 53 50| BT
$2e5 |82 52/55 |5 | £ HEEHEFEIEIH I s
a3z |d8|d2 |2 |2 | < G3 |aS|&2| 38|62 |23 | &S |63 (<8 |28 |&8
o130 250 [ — | 85| 18 | 40 8 2 | — | 185
3000] 250 | — | —100] 115 | 22 10 | 17 | — | 280
4-65A13 65 [a00| 10 [ s0 | 10| 6 | as| 8 |oo8 | 21 |Fig.25[ _, [150] 280 —125[ 7@ | 40 |16 |35 | — [ 140
2500| 250 — | —135] 110 | 25 12 | 26 | — | 2%
AB2® | 1800| 250 | — | —50] 50/250| 307 |1808 | 267 | 2K | 270
4E27 1. EET 2000 | 500 &0 | —200 150 11 é 1.4 — 230
aom/ B0 ) B0 B R 75112 1006 | 65 | 7BM \—=5—ant oo | a0 [—130] 135 | T 8 |17 | — |78
HKZ57 CT | 2000] 500| 60 | —200] 150 | 11 8 | 14 | — | 2%
HK257B I | | s e [ 75138 | 004 | 67 | 7BM \— e Tao0 | @0 [ —130] 35 | T 8 17 | — 78
CT | 2000 400| 70 | —125| 150 | 12 5 |08 | — |20
PL-6549 75 | 2000 | 10 | 00 | 175 | 6 35| 75 | 009 | 34 |Fig. 14| CP | 2000] 400| 70 | —140] 125 | 15 2 | 07 | — [ 200
ABz6 | 2000| 400| 70 | —85|30/225] 0.1/10 | 1808 | 0.05| 19K| 325
CT | 1500| 400| 75| —100| 180 | 28 12 | 22 | — | 200
328 80 | 2000| 23 | 7% | 30 |10 329 135 | 005 | 145 | 51 CP | 1250] 400 | 75 | —140| 160 | 28 2 |27 | — [ 1%
AB16 | 2000| 750 | 60 | —120| 50/270| 2760 240 | 0 | 18.5K | 385
O ComTE Pwe s
68169 5 ) . P 7 2, —_ — 10 3 —_ 45
cag— !5 | 100 | 45| 300 | 400 —— 14 | 0085\ 0015 |Fig. 77— a T T — T —7s[&6/@0 o/ [ 3ov o =T &
: : AB2® | 850 | 300| — | —15| 80/355] 0/25 | 468 | 03 | 396K | 140
o] 120300 0 | —75] 18 | 35 12 | 17 | — [170
2250 400 | 0 | —155| 220 | 40 15 | 4 — |75
81313 125 | 2500 | 20 | eoo | 30 |10 5 163 | 025 |14 5BA | CP ;ﬁ 2053 g _:?2 ;058 23 ;2 :‘::: — ;;8
Apye | 2000] 780| 0 | —90] 40/315] 1.5/56 [230° | .17 | TR | 455
2500] 750 0 | —95|35/360 | 1.2/55 | 2358 | 035 | 17K | 650
1ol 20| 350 — [—i00[ 200 | % 12 | 28 | — |25
. 3000] 350 — | —150] 167 | 30 9 | 25 | — |a75
S125A1 — = =
E?:; 125 | 3000 | 20 | 600 | 120 | 5 65|108 007 | 31 | 5BK | CP 30& 2553 = _ﬁg ;gg :3 ]g g:g = ;;3
ABz | 2500| 350 | — | —43|93/260| 0/6 |1788 | 107 | 22K | 400
ABié | 2500| 600 | — | —96| 50/232|0.3/85 |1928 | 0 | 203K | 330
;ff;;a/ 125 | 400| 20 | 750 | 75| 5 75/105 | 008 | 47 | 7BM | CT ‘7’% ;osg 68 Hfgg ::; 215 ; (')j — ?7"2
803 125 | 2000 | 30 | &0 | 20 |10 5 175 015 |29 5J gg fggg fgg ];8 _x g :2 ;: : — ﬂg
CT | 1500] 400| — | —100| 330 | 20 5 | 4 — [ 340
7094 125 | 2000 | 20 | 400 | 60 | 63| 32| 90 |05 | 18 |Fig. 82 CP | 1200] 400| — | —130| 275 | 20 5 | 5 — | 240
AB, | 2000| 400 | — | —é5|60/400| — |i208 | © 12 | 560
. CTO| 1250|280 — | —9%] 200 | 20 10 | 08 | — | 195
4X150A 1500 | 1250 | 12 | 400 | mo0 | O 26 155 1003 | 45 |Fig. 75 =0 Tom | — [ —i0s| 20 | @ 15 | 2 — [ 140
4X150G's 2.5 62527 0035]| 45 | — ABz¢ | 1250[ 300 — | —44] 475 | 0/65 1008 | 0.157 | 5.6K | 425
1ol 20030 — [—1%0] 300 | é 5 | 17 | — [&5
s 3000 | 500| — | —180| 345 | 40 10 | 26 | — |80
-250, -— — i
Py o500 | 4000 | 35 |00 | Mo | 5 | 145|127 |02 | 45 | 5BK | Cp 505‘?"; :gg = _;?g :‘2’2 £ : ;; = g';‘g
6156 AB;S | 2000] 300 | — | —48| 5107 | 0/26 |198% | 55 | 8K |60
ABi® | 2500 600| — | —110| 4307 |03/13 |180% | 0 | 11.4K | 625
CTO| 2000] 250 | — | —90| 250 | 25 |27 | 28 | — |40
4X250B 250 | 2000 | 12 | 400 | 175 | & 21 (185 | 004 | 47 |Fig. 75 CP | 1500| 250 | — | —100] 200 | 25 7 | 21 | — |2%0
ABi6 [ 2000|350 | — | —50] 5007 | 307 [1008 | 0 | 8.26K | 620
» CT-O| 2000| 250 | — | —88| 250 | 24 8 |25 | — |30
Tta |0 |00 | 12 | 30 1% e loos | as e, 75 CF [160[ 280 — [=Tia] 0 | 2 5 |3 — [=0
7035/ 25 | a0 | i@ | b e e | o w4 |18 73 REys 2000300 | — | —50] 100/500 0736 |1068 | 02 | 81K ] 630
4X150D & ; : ABis | 2000 300 | — | —50 100/470 0/36 [1008 | O B76K | 580
CT [ 2000|250 | — | —90| 250 | 25 27 |28 | — |40
4CX- 300° | 2000 | 12 | 400 | %00 | & 275|295 |004 | 48 | — CP | 1500] 250| — | —100| 200 | 25 7 | 21 — [ 2%0
300A AR | 2000|350 | — | —50| 5007 | 307 [i00® | O 8.26K | 650
4-400A 4007 | 4000 | 35 | 600 | 110 | 5 4.5 | 125 | 012 | 47 | 5BK |CT-C'P 4000|300 | — | —170] 270 | 225 | 10 |10 — |70
CcT 3000 | 500 — —150 700 146 38 n — 1430
4-1000A [1000 | ¢000 |75 |woo | — | 75|20 |22 | 24 | 76 | — [CP | 3000|500| — | —200] 600 |145 |36 |12 — T390
AB; | 4000| 500] — | —e0 |300/1200] 0/95 | — |11 7K [3000
2000 | 325 | — | —55|500/2000 —4/60] — | — | 2.8K |2160
4CX1000A | 1000 | 3000 | 12 | 350 | — | 6 | 125|335 | 005 | 12 — | AB; |2500[325| — | —55|500/2000|—4/60] — | — | 3.IK |90
3000] 325| — | —55|500/1800 —4/60| — | — | 3.85K|3360
2000| 400| 75 | —150| 725 | 44 | 22 |41 — (1110
C'T | 2500] 200 75 | —175] 960 | &4 | 31 | 68 — (1870
PL-172 1000 | 3000 |35 | 600 | — | & 78| 38 | 09 | 18 — 3000] 500| 75 | —175] 900 | 56 | 24 |48 — [2170
2000] 500| 75 | —110]400/1400 20/90 | 2108 | — | 2.65K] 1820
ABy | 2500] 500| 75 | —110]440/1600 20/85 | 2108 | — | 3.5K | 310
3000| 500| 75 | —115|440/1500 10/75 | 2008 | — | 4.6K 2680
1 Grid-resistor. 12 Typical Operation at 175 Mc.
2 Doubler to 175 Mc. 13 linear-amplifier tube-operation data for single-sideband in

3 Dual tube. Values for both sections, in push-pull. Interelectrode
capacitances, however, are for each section,

4 Tripler to 175 Me.

5 Filament limited to intermittent operation.

4 Volues are for two tubes in push-pull.

7 Max.-signal value.

8 Peak grid-to-grid a.f. volts.

® Forced-air cooling required.

10 Two tubes triode connected, Gz to G1 through 20K Q. Input to Ga.

11 Tripler to 200 Mc.

Chap. 11.
14 KEY TO CLASS-OF-SERVICE ABBREVIATIONS
AB; = Class-AB1 push-pull a.f. modulator.
AB2 = AB2 push-pull a.f. modulator.
B=Class-B push-pull a.f. modulator,
C-M=Frequency multiplier.
C-P=Class-C plate-modulated telephone.
C-T=Class-C telegraph.
C'T'O=Class-C amplifier-osc.
15 No Closs B data available.
16HK2578 120 Me. full rating.
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XII—ELECTROSTATIC CATHODE-RAY TUBES

TABLE
Anode Anode Anode Cut-off Deflection
Type¢ Heater Base No. 2 No. 1 No. 3 Grid Avg. Volts DC/Inch
Volts Amp. Voltage Voltage! Voltage Voltage? D D: D3 Ds
1EP1-2-11 6.3 0.6 11V 1000 100,/300 = —14/—42 210/310 240/350
2AP1A 6.3 0.6 1L 1000 250 — —30/—%0 230 196
2BP1-11 6.3 0.6 12E 2000 300,560 — —135 270 174
3ACP1-7-11 6.3 0.6 14J 2000 545 4000 —45/ =75 180/220 133/163
3AP1-4—906-P1-4-5-11 7AN
3AFIA 2.5 2.1 7CE 1500 430 25/—75 114 109
3BP1-4-11 14A
3BP1A 63 0.6 134G 2000 575 = —30/—90 200 148
3CP1 6.3 0.6 11C 2000 575 —_ —30/—90 124 165
3DP1A—3DP7 6.3 0.6 14H 2000 575 — —30/—%0 220 148
3EP1—1806-P1 6.3 0.6 11N 2000 575 — —30/—9%0 221 165
iFP7 14B
IFP7A 6.3 0.6 14] 2000 575 4000 —30/—9%0 250 180
3GP1-4-5-11 6.3 0.6 11A 1500 350 — —25/—75 120 105
3GP1A—3GP4A 63 0.6 1IN 1500 245/437 = —25/—75 96/144 84/126
3JP1-2-4-7-11-12 6.3 0.6 14) 2000 400/690 4000 —30/—90 170/230 125/270
3JP1A-7A-11A 6.3 0.6 14J 2000 400/690 4000 —45/—75 180,/220 133/143
3KP1-4-11 6.3 0.6 T1M 2000 320/600 = —0/—90 100/136 76/104
3MP13 6.3 0.6 12F 2000 400/700 — —126 230/290 220/280
3RP1—4-3RP1A 6.3 0.6 12E 2000 330/620 = —135 146/198 104 /140
35P1-4-7 63 0.6 12E 2000 330/620 — —28/—135 146/198 104/140
3UP1 6.3 0.6 12F 2000 320/620 — —126 240/310 232/296
3WP1-2-11 6.3 0.6 127 2000 330/620 — —60/—100 83/101 57/70
5ABP1-7-11 6.3 0.6 14J 2000 400/690 40C0 —52/—87 26/34 18/24
5ADP1-7-11 6.3 0.6 14J) 1500 300/515 3000 —34/—56 40/50 30.5/37.5
5AJP1 6.3 0.6 Fig. 78 500 400/900 6000 —30/—60 230 230
5AMP1 6.3 0.6 14U 2500 0/300 S —34/—56 40/50 20/25
5AP1—1805-P1 6.3 Q0.6 11A 1500 430 — —=31/—57 93 90
5AP4—1805-P4 6.3 0.6 11A 1500 430 = —17.5/—57 93 90
5AQP1 6.3 0.6 14G 2500 0/300 — —34/—56 40/50 31.5/38.5
5ATP1-2-7-11 6.3 0.6 14V 6000 0/700 — —34/—56 94/116 34/42
5BP1—1802-P1-2-4-5-11 6.3 0.6 11A 2000 425 — — 20/ —40 84 76
5BP1A 63 0.6 1IN 2000 450 — —20/—60 84 76
5BP7A 6.3 0.6 1IN 2000 375/560 — —20/ — 60 70/98 63/89
5CP1-2-4-5-7-11 14B
SCPIA 6.3 0.6 1] 2000 575 4000 —30/—%0 92 78
5CP1B-2B-7B-118 6.3 0.6 14J 2000 400/690 4000 —45/—75 83/101 70/86
5CP7A—11A-12 6.3 0.6 14) 2000 575 4000 —30/—%0 92 74
5GP1 6.3 0.6 11A 2000 425 — —24/—56 36 72
5HP1-4 6.3 0.6 11A 2000 425 == — 20/ —60 84.8 77
S5HP1A 6.3 0.6 11N 2000 450 = —20/—60 84 76
5JP1A—4A 6.3 0.6 1158 2000 | 333/630 4000 —45/—105 77/115 77/115
5LP1A—4A 63 0.6 1T 2000 | 376/633 4000 —30/—90 83/124 72/108
5MP1-4-5-11 2.5 Z1 7AN 1500 375 — —15/—45 46 60
5NP1-4 6.3 0.6 11A 2000 450 — — 20/ — 60 84 76
5RP1A-4A 6.3 0.6 14P 2000 362/695 20000 —30/—90 140/210 131/197
55P1-4 6.3 0.6 14K 2000 363/695 4000 —30/—90 74/110a 62/94
5UP1-7-11 6.3 0.6 12E 2000 340/360 — —90 56/77 46/62
5VP7 6.3 0.6 1IN 2000 315/562 — —20/—460 70/98 63/89
5XP1 6.3 0.6 14P 2000 362,695 20000 —30/—90 140/210 46/68
5XP1A-2A-11A 6.3 0.6 14P 2000 362/695 12000 —45/—75 130/159 42/52
5YP1 6.3 0.6 14Q 2000 541,/1040 6000 —45/—135 108/162 36/54
7EP4 63 B8 1IN 3000 546/858 — —43/—100 106/158 91/137
7GP4? 6.3 0.6 14G 3000 810/1200 — —36/—84 93/123 75/102
7JP1-P4-P7 6.3 0.6 14R 6000 1620/2400 — —72/—168 186/246 150/204
7VP1 6.3 0.6 14R 3000 800/1200 — —84 93/123 75/102
24XH 6.3 0.6 Fig. 1 600 120 = — 60 0.145 0.165
902-A 6.3 0.6 8CD 600 150 = —30/—%0 139 117
905 5BP
905-A 25 21 5BR 2000 450 = —17.5/—52.5 115 97
907 5BP
908-A 25 2.1 7CE 1500 430 — —25/—75 114 109
913 6.3 0.6 913 500 1000 = —20/—60 299 221
2002 6.3 0.6 Fig. 1 600 120 — — 0.165 0.175
2005 2.5 0.6 Fig. 1¢ 2000 1000 200 —35 0.55 0.565
1 Bogey value for focus. Voltage should Designation Color and persistance Application
be adjustable about value shown. o | — Green medium, ... .Oscilloscope.
2 Bias for visual extinction of undeflected P2 s v oo Blue-green medium. .. .. .. Special oscilloscopes and radar.
spot. Voltage should be adjustable P4 . ....... White medium. ......... . Television.
Ilrom_ 0 to the higher value shown. | P Blue very short.......... Photographic recording of high speed traces.
3 Discontinued. ) P7. i Blue-white short......... Rodor indicators.
4 Cathode connected to Pin 7. Yellow long.
Slnmm. /voltde P10l Blug short. ... oovuunnn.. Oscilloscope.
& Phosphor characteristics (see next columnl. P12........Crange long Radar indicators.



TABLE XIV—TRANSISTORS
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Maximum Ratings Characteristics Typical Operation Common Emitter Circuit
No. Type Gallector Emitter Noise Input Freq. Collector Power | Output | Power
Diss. Figure Res. Cutoff Use Gain |Load R. | Output
Mw. Ma. Volts Ma. Db. Ohms! Mc. Ma. Volts Db. | Ohms | Mw.
2N34 PNP 0 50 —25 10 18 1000 0.6 Audio? —10 —6 40 30K 125
2N35 NPN 50 100 25 —10 16 1000 08 Audio? 10 3 40 30K 125
2N43 PNP 155 —50 —45 50 3 — 13 Audio —10 —5 39 — =
2N44 PNP 155 —50 —45 50 3 = 10 Audio —10| —5 43 — ==
2N68 PNP 2500 —1500 —25 1500 = = 0.4 Audio —1500 | —12 23 100 400
2N738 NPN 75 20 15 —20 12 — 6.0 I.F-RF. — — 30 — =
2N94 NPN 50 50 20 — = =5 20 IF. 0.5 3 2% 100K —
2N94A NPN 50 50 20 — 15 — 50 I.F-RF. 0.5 6 30 100K —
2N104 PNP — —50 —30 50 12 — 0.7 Audio —10 | —15 32 = =
2N105 PNP 35 —15 —25 15 45 2300 0.014 Audio —07 —4 42 20K —
2N107 PNP 50 —10 —12 10 22 700 0.4 — —1.0 —5 38 30K =
2N109 PNP 50 —35 —12 35 — 750 = Audio? —350 | —45 30 200 75
2N123 PNP 100 —150 —20 150 — — 7.5 Switching —50 | —15 — — —
2N131A PNP 100 —100 —30 — 2 = 0.8 Audio —10 | —6 — = —
2N132A PNP 130 —10 —12 — 20 1000 12 Audio —10 | —¢ 42 30K —
2N139 PNP 35 —15 —16 15 4.5 500 — I.F. —10 | —9 30 30K =
2N140 PNP 35 —15 —16 15 — 700 70 ILF-RF. —04 —9 27 75K —
2N155 PNP 8500 —3000 —30 — = 20 03 Audio? —=3600 | —14 30 = 93
2N167 NPN 65 75 30 P = — 8.0 I.F-RF. — — — = —
IN169A NPN 55 20 25 —20 — 500 50 IF.RF. 10 5 27 15K =
2N175 PNP 20 —2 —10 2 3 3570 — Audio —05| —4 43 — =
2N218 PNP 35 —15 —16 15 45 500 — IF. —10 | —9 30 30K =
2N219 PNP 35 —15 —16 15 = 700 7.0 I.F-RF. —04 | —9 27 75K —
2N233 NPN 50 100 10 — — — 20 IF. — — 21 = =
2N247 PNP 35 ~10 —35 10 8 — 30.0 RF. —1.0 —9 24 — —
2N248 PINP 30 — —25 — — — 50 RF. — — — — =
2N255 PNP 1500 —3000 —15 = = — 0.2 Audio 2 —500.0 —5 27 = 5
2N256 PNP 1500 —3000 —30 — — — 0.2 Audio 2 —5000 | —12 27 — 108
2N270 PNP 150 —75 12 —75 — — = Audio? — —12 32 = 500
2NZ74 PNP 35 —10 —35 10 8 — 30.0 RF. —10 —9 45 = —
2N292 NPN 65 0 15 — — — 6.0 I.F.-R.F. — — 25 — =
2N301 PNP 7500 —1000 —20 1000 — = — Audio? | — | —144 30 — 123
2N301A PNP 7500 — 1000 —30 1000 — — — Audio? — —14.4 30 = 123
2N306 NPN 50 — 20 — — — 0.6 Audio = = — = =
2N307 PNP 10000 —1000 —35 — — = 0.3 Avdio == i 30 = =
2N331 PNIP 200 —200 —30 200 9 = 1.0 Audio —10 —5 44 == —
2N351 PNP 10000 —3000 —40 3000 = = — Audio? —3000 | —40 —= — =
2N370 PNP 80 —10 —20 10 — 1750 300 R.F. —10 | —12 12.5 = —
2N371 PNP 80 —10 —20 10 — — 30.0 RF. —10 | —12 — = —
2N372 PNP 80 —10 —20 10 - 100 30.0 Mixer —10 | —2 17 TIK =
2N374 PNP 80 —10 —25 10 — 2600 300 Conv —10 | —12 40 = =
2N376 PNP 10000 —3000 —30 3000 — — — Audio? —3000 | —40 — = =
2N384 PNIP 120 —10 —30 10 = 30 100.0 RF. —1.5 | —12 15 = =
2N411 PNP 80 —15 | —13 I 700 10.0 IF-RE | —04 —9 B — =
2N412 PNP 80 —15 —13 15 — 700 10.0 IF-RF. —06 | —9 32 = p—
2N428 PNP | 150 —400 | —30 400 — — 17.0 R.F. — | = — — =
2N499 PNP 75 —50 | =30 | %0 — — 2500 RF. [ — = — = =
2N544 PNP 80 —10 —18 10 — 2100 300 | RE 1.0 —12 30 — —
2N554 PNP — —3000 —30 3000 — — — Audio — — — = =
2N561 PNP 50000 —10000 —80 10000 — — — Audio? 500 —28 35 150 108
2N586 PNP 250 —250 —45 250 — — = Switching| — — — = —
2N588 PNP 80 —50 —18 50 = — 200.0 R.F. == = = = —
2N677 PNP 50000 — 15000 —50 — — — Switching| — — €0 — =
2N1014 PNP 50000 — 10000 —100 10000 — = = Audio = = = = =
2N1102 NPN 180 100 40 —100 = 500 = Audic — — — — =
2N1266 PNP 80 — —10 — — — — IF. — — 22 = =
3N25 TET 25 —2 —15 2 = — 200.0 RF. = == — p— —
aN36 | Ter KD 3 | 7 — — |_= 50.0 RF. — = | = = =
3N37 TET 30 20 7 - — = 90.0 RF. == = — - —
AO-1 SB 10 —5 —45 — — — 30.0 RF. — — — = =
CK722 PNP 180 —10 —22 10 25 800 — — —1.0 =5 39 20K —
CK768 PNP — —5 —10 — — — 35 LF.-RF. —1.0 —6 — — =
oc71 PNP 125 —10 —15 — — — 03 Audio — = 40 — =
0c72 PNIP 167 —125 —16 — — — 0.35 Audio — — 34 — —
SB100 SB 10 —5 —45 — — — 30.0 RF. —05 | -3 — 25K —
PNP NPN
1 Common emitter circuit C @ - c _~0 | c b—
2 Two transistors in Class B RED DOT S
' 3 Power output watts B B L& >: B E 2
E
B E — E E

Code for identifying typical junction transistors. The leads are marked C-collector, B-base, E-emitter and S-interlead shield and metal case,
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TABLE XV CRYSTAL DIODES

Max. Max. Min. Max
Type Use Inverse Avarage Forward Reverse
Volts Ma. Ma.l p-Amp
1N34 General Purpose 40 50 50 800 @ —S0V
IN34A General Purpose 75 50 50 500 @ —50V
1N35 General Purpose 50 22.5 7.5 100 @ —10V
1N38 General Purpose 100 50 3.0 625 @ —100 V.
1N38A General Purpose 100 50 4.0 500 @ —100V
IN39A General Purpose 225 40 4.0 400 @ —200 V
1N48 General Purpose 85 50 4.0 833 @ —50V
1IN52A General Purpose 85 50 5.0 100 @ —50 V.
1N54A Hi-Back Resistance 75 50 5.0 100 @ —50 V
IN5S5A General Purpose 170 50 4.0 500 @ —150V
1N56A Hi-Conduction 50 60 150 300 @ —30 V.
IN58A General Purpose 115 50 40 600 @ —100 V.
1N60 Vid. Detector 25 50 50 @ —20V
TN63 Hi-Back Resistance 125 S0 4.0 50 @ —50V
1N64 Vid. Detector 20 50 0.1 25@ —1.3V,
1N65 General Purpose 85 50 2.5 200 @ —50 V.
1NG66 General Purpose 60 50 5.0 800 @ —50 V.
1IN67 Hi-Back Resistance 80 35 4.0 0@ —5V
1IN67A Hi-Back Resistance 100 50 4.0 50 @ —50 V.
1N68 Hi-Back Resistance 100 35 3.0 625 (@ —100 V.
ING6BA General Purpose 100 50 3.0 625 @ —100 V.
TN69A General Purpose 75 40 50 500 @ —50V.
TN70A General Purpose 125 30 30 300 @ —50 V.
IN77A Photo Diode 0V, 20 MW
1IN81 General Purpose 50 30 3.0 10 @ —10 V.
1NB82 Mixer Max. Freq—1000 Mc. 16 db. Noise Factor
TNB2A Mixer Max. Freq.—1000 Mc. 14 db. Noise Factor
1N89 Restorer 80 30 3.5 100 @ —50 V.
1N90 General Purpose 75 30 50 75 @ —50 V.
1IN91 Pwr. Rectifier 100 150 470 @ 05 V. 2700 @ —100 V.
1N95 General Purpose 60 250 10.0 00 @ —30V
1N96 General Purpose 40 250 20.0 500 @ —50 V.
1IN97 General Purpose 80 250 0.0 100 @ —50 V.
1N98 Hi-Back Resistance 100 250 20.0 100 @ —50 V.
1N99 General Purpose 80 300 10.0 0@ —0V
1N100 General Purpose 80 300 20.0 0@ -5V
IN116 General Purpose 60 30 50 100 @ —50 V.
IN117 General Purpose 60 30 10.0 100 @ —50 V.
1IN118 Gaeneral Purpose 60 30 20.0 100 @ —30 V.
INT126A General Purpose 75 30 50 850 @ —50V.
IN127 A General Purpose 125 30 3.0 300 @ —50 V.
iN128 General Purpose 50 30 3.0 10@ —10V.
IN151 General Purpose 100 500 1570 @ 0.7 V. 2400 @ —100 V.
TN152 General Purpose 200 500 1570 @ 0.7 V. 1900 (@ —200 V.
1N153 General Purpose 300 500 1570 @ 0.7 V. 1200 @ —300 V.
IN158 Pwr. Rectifier 380 500 — —
1N191 Computer 90 30 5.0 25 @ —10 V.
1IN192 Computer 70 30 5.0 50 @ —10V.
IN19BA Hi-Temperature 100 30 4,0 250 @ —50 V. (75°C)
1N279 Hi-Conduction 35 = 100.0 200 @ —20 V.
TN283 Hi-Conduction 25 — 200.0 80 @ —10V.
1N294 Switching 70 60 50 800 @ —50 V.
1N295 Vid. Detector 40 — — —_
1N448 100-Volt Computer 120 — 250 100 @ —100 V.
1N634 60-Yolt Very low Z 120 — 50.0 115@ —100 V.
1N&36 General Purpose 75 — 2.5 20@ —20V.
HB1 Zener Diode Zener Volts=7.5
HB2 Zener Diode Zener Volts=20
HB3 Zener Diode Zener Volts=40
HB4 Zener Diode Zener Volts=75
HBS Zener Diode Zener Volts=170
HBS Zener Diode Zener Volts =300
M150 Silicon Power Rectifier Mox. Rms. Input: 130 V., Peak Inverse: 400 V., D.C. Current: 150 Ma.
M500 Silicon Power Rectifier Max. Rms. Input: 130 V., Peak Inverse: 400 V., D.C. Current: 500 Ma.
vi5s Capacitor Diode Max. Oper. Voltage — 25, Range: 6.5-39 uuf. Q At 80 Mc. —18
Y20 Capacitor Diode Max. Oper. Voltage —20, Range: 10~50 upf. Q At 50 Mc. — 187
v27 Capacitor Diode Max. Oper. Voltage — 20, Range: 14—70 uuf. Q At 50 Mc. —157
va3 Capacitor Diode Max. Oper. Voltage —20, Range: 17-85 uuf. Q At 50 Mc. —14.6
v39 Capacitor Diode Max. Oper. Voltage —20, Range: 20-100 upf. Q At 50 Mc. —15.1
V47 Capacitor Diode Max. Oper. Yoltage —20, Range: 24-120 upf. Q At 50 Mc. —154
V56 Capacitor Diode Max. Oper. Voltage — 50, Range: 32-145 ppf. Q At 50 Mc. —13.5

LAt +1 Volt
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Big signal—

HT-33A

Linear Amplifier

Heavyweight champion

in stability, performance!

SX101A is setting new standards for
dependability and ruggedness through-
out the amateur world. It’s a/l amateur;
provides complete coverage, and every
technical feature desired for years to
come.

FREQUENCY COVERAGE: Band 1 -—
30.5-34.5 Mc. Band 2—3.48-4.02 Mc.
Band 3—-6.99-7.31 Mc. Band 4—13.98-
14.415 Mc. Band 5—20.99-21.52 Mc.
Band 6—26.9-29.8 Mc. Band 7—10 Mc.
WWV.

FEATURES: Complete coverage of five
ham bands plus a 2 and 6 meter conv.
band—80, 40, 20, 15, 10 meters. Large
slide rule dial. Band-in-use scales in-
dividually illuminated. Illuminated S-

o " S

HT-32A

Transmitter

The new ideas in communications are born at. ..



effortless performance!

Beautifully engineered with extra-heavy-duty com-
ponents, the HT-33A is conservatively rated at the
maximum legal limit. You are guaranteed one of
the big signals on the band, plus the effortless per-
formance that means so much to efficiency and
long life. (Conforms to F.C.D.A. specifications.)

FREQUENCY COVERAGE: Complete coverage of
amateur bands; 80, 40, 20, 15, 10 meters.

FEATURES: Rated conservatively at the maximum
legal input. Third and fifth order distortion products
down in excess of 30 db. Built-in r.f. output meter
greatly simplifies tune-up. All important circuits
metered. Maximum harmonic suppression obtained
through pi-network. Variable output loading. Pro-
tection of power supply assured by circuit breaker.
HT-33A is a perfect match to Hallicrafters’ famous
HT-32 in size, appearance and drive requirements.

CIRCUIT DETAILS: This power amplifier utilizes a
PL-172 high efficiency pentode operating in class
ABI1 or AB2. The tube is grid-driven across a non-

meter. Dual scale S-meter. S-meter zero point inde-
pendent of sensitivity control. S-meter functions
with AVC off. Special 10 Mc. position for WWV.
Dual conversion. Exclusive Hallicrafters’ upper-
lower sideband selection. Second conversion oscil-
lators quartz crystal controlled. Tee-notch filter.
Full gear drive from tuning knob to gang condens-
ers — absolute reliability. 40:1 tuning knob ratio.
Built-in precision 100 kc. evacuated marker crystal.
_ Vernier pointer adjustment. Five steps of selectivity

from 500 cycles to 5000 cycles. Precision tempera-

ture compensation plus Hallicrafters’ exclusive pro-
duction heat cycling for lowest drift. Direct coupled
series noise limiter for improved noise reduction.
Sensitivity — one microvolt or less on all amateur
bands. 52 ohm antenna input. Antenna trimmer.
Relay rack panel. Heaviest chassis in the industry—
.089 cold rolled steel. Double spaced gang condens-
er. 13 tubes plus voltage regulator and rectifier.
Powerline fuse. o

Acclaimed by
the most critical!

Now proven superior — vastly superior — is Halli-
crafters’ exclusive 5.0 mc. quartz crystal filter system.
First practical high frequency filter, provides un-
precedented rejection of unwanted sideband—50 db,
or more—and world’s cleanest signal.

Another major advance: Bridged-Tee Modulator,
temperature stabilized and compensated.

FEATURES: 5.0 mc. quartz crystal filter—rejection
50 db. or more. Bridged-tee modulator. C.T.O. di-
rect reading in Kkilocycles to less than 300 cycles
from reference point. 144 watts plate input (P.E.P.
two-tone). Five band output (80, 40, 20, 15, 10
meters). All modes of transmission — CW, AM,
S.S.B. Unwanted sideband down 50 db. or more.
Distortion products down 30 db. or more. Carrier
suppression down 50 db. or more. Both sidebands
transmitted on A.M. Precision gear driven C.T.O.
Exclusive Hallicrafters patented sideband selection.
Logarithmic meter for accurately tuning and car-

hallicrafters

inductive resistor, thus assuring the maximum sta-
bility under all possible conditions. Band switching
is accomplished by one knob which selects the
proper inductance value for each band. The output
circuit is a pi-network with an adjustable output
capacitor, so loads from 40 to 80 ohms may be
accommodated. A d.c. milliameter may be switched
to various circuits to measure the following: Cathode
current, grid current, screen current, plate voltage,
and r.f. voltage across the output line for tune-up.
TUBES: (1) PL-172 high power pentode; (2) 3B28
rectifiers; (4) OA2 screen regulators.

FRONT PANEL CONTROLS: Meter selector; Fila-
ment switch; High Voltage switch; Bias adjustment;
Band switch; Plate tuning; Plate loading.

PHYSICAL DATA: Gray and black steel cabinet
(matches HT-32) with brushed chrome knob trim.
Size: 8% ” x 19” (relay rack panel). Shipping wt.
approx. 130 Ibs.

REAR CHASSIS: Co-ax input; co-ax output; filament
and bias fuse; cutoff bias relay terminals; screen
fuse; ground terminal.

FRONT PANEL CONTROLS: Main tuning knob w1th
0-100 logging dial. Pointer reset, antenna mmmer,
tee-notch frequency, tee-notch depth, sensitivity,
band selector, volume, selectivity, pitch (BFO), re-
sponse — (upper-lower-sideband AM-CW). AVC
on/off, AVC fast/slow, ANL on/off, Cal. on/off, «
Rec./standby.

TUBES AND 'FUNCTIONS: 6DC6, R.F. amphﬁer—-
6BY6, Ist converter—12 BY7A, high frequency os-
cnllator—-ﬁBA6 1650 kc. i.f. ampllﬁermleT7 dual
crystal controlled 2nd conversion oscillator—6BAG6,
2nd converter—6DC6 51 ke. i.f. amplifier—6BI7,

' AM detector, ANN.L., AV.C.—6BY6 SSBCW de-

tector—6SC7 1st audio amplifier & B.F.0.—6K6,
audio power output — 6BA6, S-meter amphﬁer— :
6AU6, 100 kc. crystal osclllator—OAZ voltage reg-
ulator—5Y3, rectifier. ;
PHYSICAL DAIA 20" wide, 102" hlgh and 16"
deep—Panel size 834" x 19”—weight approximately
74 1bs. (Conforms to F.C.D.A. specifications.)

rier level adjustment. Ideal CW keying and break-
in operation, Push To Talk and full voice control
system built in. Phone patch input provided. Key-
ing circuit brought out for teletype keyer.

FRONT PANEL CONTROLS, FUNCTIONS AND CON-
NECTIONS: Operation—power off, standby, Mox.,
Cal., Vox.—P.T.T. Audio level 0-10 R.F. level 0-10.
Final tuning 80, 40, 20, 15, 10 meters. Function—
Upper sideband, lower sideband, DSB, CW. Meter
compression. Calibration level 0-10. Driver tuning
0-5. Band selector—80, 40, 20, 15, 10 meters. High
stability, gear driven V.F.O. with dial drag. Micro-
phone con. Key jack. Headphone monitor jack.

TUBES AND FUNCTIONS: 2-6146 Power output
amplifier. 6CB6 Variable frequency oscillator. 12BY 7
R. F. driver. 6AH6 2nd Mixer. 6AH6 3rd Mixer.
6AB4 Crystal oscillator. 12AX7 Voice control.
12AT7 Voice control. 6ALS Voice control. 12AX7
Audio Amp. 12AU7 Audio amp. and carrier Oscil-
lator. 12AU7 Diode Modulator. 12AT7 Sideband
selecting oscillator. 6AH6 1st Mixer. 6AH6 4.95
Mc. Amp. 6AU6 9.00 Mc. Amp. SR4GY HV Rec-
tifier. 5V4G LV Rectifier. OA2 Voltage Regulator.
REAR CHASSIS: Co-ax antenna connector. FSK jack
A.C. accessory outlet. Line fuse. Control connec-
tor. AC power line cord. Cabinet 20” wide, 10%2"”
high, and 17” deep. Approximate shipping weight
86 1bs. (Conforms to F.C.D.A. specifications.)
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allicrafters brings you an entirely new class

The engineering team that developed the incomparable SX-107 and HT-32

now offers a precision rig that puts single sideband within reach of all

HT-37 Transmitter

The heart of the now-famous HT-32—the needed,
basic performance charactertistics—is yours in
this precision-engineered new AM/CW/SSB
transmitter—and at a price we did not believe
possible when we began designing it! Same pow-
er. Same rugged VFO construction, and identical
VOX. You’'ll be amazed at the smooth, distinc-
tive speech quality that's yours for the first time
at moderate cost.

FEATURES: 144 watts plate input (P.E.P. two-
tone); five band output (80, 40, 20, 15, 10 me-
ters); all modes of transmission—CW, AM,
S.S.B.; unwanted sideband down 40 db. at 1KC;
distortion products down 30 db. or more; carrier
suppression down 50 db.; modern styling; instant
CW Cal. from any mode; both sidebands trans-
mitted on AM; precision V.F.O.; rugged heavy
duty deluxe chassis; 52 ohm pi network output
for harmonic suppression; dual range meter for
accurate tuning and carrier level adjustment;
ideal CW Kkeying; full voice control system built
in.

FRONT PANEL CONTROLS, FUNCTIONS, CON-

The new ideas in communicati,

NECTIONS: Operation—(power off, standby, mox,
cal, vox); Audio gain; R.F. level; Final tuning;
Function—(upper sideband, lower sideband, DSB,
CW); carrier balance; Calibration level; Driver
tuning; Band selector V.F.O.; Microphone con-
nector; Key jack.

TUBES AND FUNCTIONS: (2)-6146 Power output
amplifiers; 6CB6 Variable frequency oscillator;
12BY7 R.F. driver; 6AH6 Ist Mixer; 6AH6 2nd
Mixer; 6AB4 Crystal oscillator; 12AX7 Voice
control; 12AT7 Voice control; 6ALS Voice con-
trol; 12AX7 Audio Amplifier; 12AT7 Audio amp
and carrier Oscillator; 12AT7 Audio Modulator;
(2)-12AT7 Balanced Modulators; SR4GY HV
Rectifier; 5V4G LV Rectifier; OA2 Voltage Reg-
ulator.

REAR CHASSIS: Co-ax antenna connector; Line
fuse; Control connector; AC power line cord.

PHYSICAL DATA: Matching unit for SX-111;
cabinet is gray steel with brushed chrome trim
and knobs. Size: 9” high x 194" wide x 152"
deep. Shipping weight: approximately 80 Ibs.

born at . ..

hallicrafters



of SSB equipment

SX-111 Receiver

Here's the receiver you've been waiting for—a
real thoroughbred that retains the essential per-
formance characteristics of the renowned SX-
101, but at a price that can put it in your shack
tomorrow! Rugged . . . dependable . . . beauti-
fully styled, the new SX-111 is outstanding evi-
dence that Hallicrafters aim is always to bring
vou the finest equipment at the lowest possible
price.

FREQUENCY COVERAGE: Complete coverage of
80, 40, 20, 15 and 10 meters in five separate
bands. Sixth band is tunable to 10 Mc. for crystal
calibrator calibration with WWV.

FEATURES: AM CW/SSB reception. Dual con-
version, Hallicrafter’s exclusive selectable side-
band operation. Crystal-controlled 2nd convert-
er. Tee-notch filter. Calibrated S-meter. Vernier
dial-pointer adjustment. Series noise limiter.
Built-in crystal calibrator. Exceptional electrical
and mechanical stability. Large slide-rule dial.
SENSITIVITY: One microvolt on all bands, with §
steps of selectivity from 500 to 5,000 c.p.s.
TUNING MECHANISM: New friction-and-gear
type with 48:1 tuning ration. Virtually eliminates
backlash.

CONTROLS: Tuning; Pointer Reset; Antenna
Trimmer; T-notch Frequency; RF Gain; Audio
Gain; Band Selector; Function (off /on, standby,
upper or lower sideband, calibrate); AVC off /on;
BFO off 'on: ANL off ‘on; Selectivity.

TUBES: 10 tubes plus voltage regulator and recti-
fier. 6DC6 RF Amplifier; 6BY6 Ist converter:
6C4 Oscillator; 6BA6 2nd converter: 12AT7
Dual crystal second converters; 6CB6 1650 kc.
i.f. amplifier; 6DC6 i.f. amplifier (50 kc.); 6BJ7
AVC-noise limiter-detector; 12AX7 Ist audio
and BFO; 6AQ5 Power output; 5Y3 rectifier;
AO2 Voltage regulator.

POWER SUPPLY: 105-125 volts, 50-60 cycle AC.
PHYSICAL DATA: Size: 1837 wide x 10V4” deep
x 83" high. Attractive gray steel cabinet with
brushed chrome trim. Shipping wt. approximate-
ly 40 1bs.,

Two outstanding speaker values

R-47 SPEAKER

Specially designed for voice
and SSB. Flat response from
300 to 2850 c.p.s. Input im-
pedance: 3.2 ohms. Size:
5" x 54" x 3B, Wt. 212
1b.

The last word in features and
design!

SX-110 Receiver

Never before have so many outstanding, wanted
features been incorporated in an all-purpose re-
ceiver—features developed originally for the
highest-priced sets.

FREQUENCY COVERAGE: Broadcast Band 540-
1680 kc plus three short wave bands covers 1680
kc—34 mc.

FEATURES: Slide rule bandspread dial calibrated
for 80, 40, 20, 15 and 10 meter amateur bands
and Il meter citizens' band. Separate bandspread
tuning condenser, crystal filter, antenna trim-
mer, “S” Meter, one r-f, two i-f stages.
INTERMEDIATE FREQUENCY: 455 kc.

TUNING ASSEMBLY AND DIAL DRIVE MECH-
ANISM: Ganged, 3 section tuning capacitor as-
sembly with electrical bandspread. Circular main
tuning dial is calibrated in megacycles and has
0-100 logging scale.

AUDIO OUTPUT IMPEDANCE: 3.2 and 500 ohms.
TUBE COMPLEMENT: Seven tubes plus one rec-
tifier: 6SG7, r-f amplifier — 6SA7, converter —
65G7, Ist i-f amplifier—6SK7, 2nd i-f amplifier—
6SC7, BFO and audio amplifier—6K6GT, Audio
output—6H6, ANL-AVC-detector—6Y3GT, rec-
tifier.

AUDIO POWER OUTPUT: 2 watts.

POWER SUPPLY: 105/125 V., 50/60 cycle AC.
PHYSICAL DATA: Gray steel cabinet with
brushed chrome trim. Size 1834 ” wide x 8” high
X 104" deep. Shipping weight approximately
32 Ibs.

S-108 Receiver

Same basic performance as SX-110 (above) less
S-Meter, antenna trimmer and crystal filter, but
includes a built-in speaker.

R-48 SPEAKER (Sce photo with HT-37 and
SX-111). Latest design. eliptical assembly. 3.16 oz.
Alnico V magnet. Fidelity switch for music or voice.
3.2 ohm input impedance, 62" x 134" x 84",




The new ideas in communications are born at.

SX-100 Most versatile receiver of all!

FREQUENCY COVERAGE: 540 kc—34
Mc. Band 1: 538 kc-1580 kc—Band 2: 1720
kc-4.9 Mc—Band 3: 4.6 Mc-13 Mc—Band 4:
12 Mc-34 Mc. Bandspread dial is calibrated
for the 80, 40, 20, 15 and 10 meter ama-
teur bands.

TYPE OF SIGNALS: AM—CW—SSB.

FEATURES: Selectable side band operation.
“Tee-Notch™ Filter—provides a stable non-
regenerative system for the rejection of un-
wanted heterodyne. Also produces an ef-
fective steepening of the already excellent
500 Cycles i-f pass band and further increases
the effectiveness of the advanced exalted
carrier type reception. Notch depth control
for maximum null adjustment. Antenna
trimmer. Plug-in laboratory type evacuated
100 k¢ quartz crystal calibrator—included
in price. Logging dials for both tuning con-
trols. Full precision gear drive dial system.
Second conversion oscillator crystal con-
trolled—provides greater stability and ad-
ditional temperature compensation of high
frequency oscillator circuits. Phono jack.
Socket for D.C. and remote control.

CONTROLS: Pitch control, reception, stand-
by, phone jack, response control (upper and

Complete VHF Station

lower side band selector), antenna trimmer,
notch depth, calibrator on/off, sensitivity,
band selector, volume, tuning, AVC on/off
noise limiter on/off, bandspread, selectivity.

INTERMEDIATE FREQUENCY: 1650 kc
and 51 kc.

AUDIO OUTPUT IMPEDANCE: 3.2/500
ohms: AUDIO POWER OUTPUT: 1.5
watts with 10% or less distortion. POWER
SUPPLY: 105/125 V., 50/60 cycle AC.

TUBE COMPLEMENT: 6CB6é R.F. ampli-
fier; 6BY6, Istconvertor;6 AH6,H.F.oscil-
lator; 6BA6, 2nd converter; 12AT7, Dual
crystal second converters; (2) 6BA6, 51 kc
and 1650 kc i-f amplifiers; 6BJ7, AVC-
noise limiter; 6SC7, 1st audio and BFO;
6K6, Power output; 5Y3, Rectifier; OA2,
Voltage regulator; 6C4, i-f amplifier—(51
kc); 6AU6, 100 ke XTAL marker.

PHYSICAL DATA: Gray black steel cabinet
with brushed chrome knob trim, patterned
silver back plate and red pointers. Piano
hinge top. Size 183’ wide x 8" high x
104"’ deep. Shipping weight approximately
421bs. (U.L. approved)

SR-34 Transmitter/Receiver

GENERAL DESCRIPTION: The SR-34 is designed
for either AM or CW and combines complete
functions of a two and six meter radio station.

115-V. A.C., 6-V. D.C, or 12V. D.C. Transis-
torized power supply. Meets F.C.D.A. matching-
fund specifications.

The transmitter is crystal-controlled; up to
four crystals may be switch-selected. A fifth
position on this switch permits external V.F.O.
operation.

The receiver is a double conversion superhet-
erodyne with a quartz crystal controlled second
oscillator. Separate oscillator and R.F. sections
for each band.

All receiver functions provided—S-meter,
B.F.O., ANL, etc. Sensitivities average 1 micro-
volt on both bands.

FRONT PANEL CONTROLS: Receiver: Band Se-
lector (48.9-54.1 mc., 143.9 to 148.1 mc.): Main
Tuning; Sensitivity; Audio Volume; B.F.O. Pitch;
Squelch Level; Headphone Jack; AVC On/Off;
ANL On/Off; B.F.O. On/Off. Transmitter:
Function Switch (P.A., Rec., Cal.,, AM, CW);
Power On/Off; Band Switch; Crystal Selector
and V.F.O.; Oscillator Tuning; Doubler Tuning:
Tripler Tuning; Final Tuning; Final Loading;
Meter Switch.

POWER OUTPUT: 5 to 8 watts AM or CW, 100%
mod. negative peak clipping. Rear Apron: Speech
input level control; key jack; P.A. speaker ter-
minals; mic. selector (high Z or carbon); mic. in-
put; A.C. and D.C. fuses; power plug.

Also available in A.C. only model.




World’s most popular
short wave receiver!

MODEL S-38E

Latest model of Hallicrafters’ most popu-
lar of all short wave receivers! Beautiful
new, modern cabinet styling, improved
circuitry for superior performance and
utmost dependability.

FREQUENCY COVERAGE: Standard
broadcast from 540-1650 kc., plus three
short wave bands from 1650 kc. through
32 mc. Intermediate freq.: 455 kc.

FEATURES: Two-section tuning gang with
electrical bandspread; easy-to-read, slide-
rule overseas dial; oscillator for code re-
ception; built-in 5” speaker, universal out-
put for headset; rear switch for speaker
or headset selection.(U.L. approved)

CONTROLS: Tuning dial. Separate elec-
trical bandspread dial with 0-100 scale.
Receive/standby switch. On/off/volume.
AM, CW switch. Band selector.

POWER SUPPLY: | watt audio power out-
put. 105/125 volts. 50-60 cycle AC/DC.
lLLine cord (S7D 1566) for 220 volt
AC/DC available.

TUBE COMPLEMENT. Four tubes plus one
rectifier: 35W4 rectifier; SOCS audio out-
put; 12AU6 amplifier; 12BA6 IF amplifier
and B.F.O.; 12BE6 converter.

AUDIO OUTPUT: Five inch PM speaker
and universal output for headset.

EXTERNAL CONNECTIONS: Phone tip
jacks and terminals for single wire or
doublet antenna, switch for speaker or
headphones on rear. External antenna
provided.

PHYSICAL DATA: Available in gray steel
cabinet with silver trim, or blond or ma-
hogany finish with gold trim. Size 127"
wide x 7” high x 914" deep. Shipping
weight approximately 14 |bs.

New beauty ... new standards of performance!

MODEL S-107

COVERAGE: Standard Broadcast from 540-1630 kc
plus four short wave bands over 2.5-31 and 48-54.5
me. Intermediate frequency; 455 kc. CONTROLS:
Main tuning in mc. Separate electrical bandspread
with 0-100 logging scale plus calibration for 48-54.5
mc band, receive/standby switch, band selector 540-
1630 kc, 2.5-6.3 mc, 6.3-16 mc, 14-31 mc, and 48-
54.5 mc, AM/CW switch, sensitivity/phono control,
noise limiter switch, on/off/volume, two-position
tone switch. BAND CHANGE MECHANISM:
Five position rotary wafer switch. TUNING AS-
SEMBLY AND DIAL DRIVE MECHANISM:
Separate 2-section tuning capacitator assemblies for
main tuning and band spread tuning. Slide rule dial.
Phonograph jack, headphone tip jacks. Bandspread
tuning calibrated for 48-54.5 mc. ANTENNA IN-
PUT IMPEDANCE: Balanced/unbalanced. 50-300
ohms. HEADPHONE OUTPUT IMPEDANCE:
Universal impedance. AUDIO OUTPUT: Five inch
PM speaker and universal impedance output for

headset. TUBE COMPLEMENT: Seven tubes plus
one rectifier: 6C4, Osc.—6BA6, Mixer—(2) 6BA6.

i-f amplifier—6H6, Det., AVC and ANL—-6SC7,
BFO and AF amp.—6K6GT, Output—5Y3GT, rec-
tifier. EXTERNAL CONNECTIONS: speaker/
phones switch and terminals for doublet or single
wire antenna on rear. AUDIO POWER OUTPUT:
One watt. POWER SUPPLY: 105/125 V., 50/60
cycle. AC. PHYSICAL DATA: Sturdy gray ham-
mertone steel cabinet with brushed chrome trim.
Size 133" wide x 7” high x 87" deep. Shipping
weight approximately 18%2 Ibs. (U.L. approved)




ONE INCH
INSTRUMENTATION OSCILLOSCOPE

Miniaturized, packaged panel mounting cathode
ray oscilloscope designed for use in instrumentation
in place of the conventional "pointer type'” moving
coil meters uses the 1’ tube. Panel bezel
matches in size and type the standard 2'’ square
meters. Magnitude, phase displacement, wave
shape, elc. are constantly visible on scope

No.90901, 1CP1, lesstube.....cvueunnn

No. 90911, 1EPI, less tube.

POWER SUPPLY
FOR OSCILLOSCOPE

750 volts d.c. at 3 mo. and 6.3 volts a.c. at 600
ma. 117 volts 50-60 cycle input. Designed espe-
cially for use with No. 90901 and No. 90911 one
inch instrumentation oscilloscopes. 4% in. high x 17
x 2¥4. Octal plug for input and output. Entire assem-
bly including rectifier is encapsulated.

No. 20202 Power Supply (complete). . ...

GRID DIP METER

The No. 90651 MILLEN GRID DIP METER is compact
and completely self contained. The AC power sup-
ply is of the “transformer” type. The drum dial
has seven calibrated uniform length scales from 1.7
MC to 300 MC with generous over laps plus an
arbitrary scale for use with special application in-
ductors. Internal terminal strip permits battery
operation for antenna measurement

No. 90651, with tube

Additional Inductors for Lower Frequencies

No. 46702—925t0 2000 KC. . ..
No.46703—500to 1050 KC. ...
No.46704—325t0 600KC..........
No.46705—-220to 350KC......... .

TONE MODULATOR

The No. 90751 Tone Modulator is a small package,
containing a transistor audio oscillator and its
mercury battery, which plugs into the 'phone jack
of a Grid Dip Meter to modulate the signal at
approximately 800 cycles for applications re-
quiring a modulated signal

Cimensions: only 2% x 1% x 1%e in.

No. 20751, less battery. . .« e v o vvnne

COMPACT OSCILLOSCOPES

The No. 90923 Oscilloscope is an extremely com-
pact (3% inch high) rack panel type, general pur-
pose oscilloscope, utilizing the type 3XP1, 3XP2,
3XP7, or 3XP11, 2 inch by 1% inch rectangular
face cathode ray tube.

No. 20923, withtubes. . ..cevveeiceanas

The No. 90902, No. 90903 and No. 90905 Rack
Panel Oscilloscopes, for two, three and five inch
tubes, respectively, are inexpensive basic units
comprising power supply, brillioncy and center-
ing conirols, safety features, mognetic shielding,
switches, etc. As a transmitter monitor, no addi-
tional equipment or accessories are required, The
well-known trapezoidal monitoring patterns are
securecd by feeding moduloted carrier voltage
from o pickup loop directly to vertical plates of
the cathode ray tube and audio modulating volt-
age to horizontal plates. By the addition of such
units as sweeps, pulse generators, amplifiers, servo
sweeps, etc., all of which can be conveniently and
neatly constructed on companion rack panels, the
original basic 'scope unit moy be expanded to
serve any conceivable industrial or laboratory
application.

No. 90902, less tubes., .. ...
No. 920903, lesstubes. . ... s oe .
No. 20905, lesstubes. .. ... i R e .

'SCOPE AMPLIFIER —SWEEP UNIT

Vertical and horizontal amplifiers along with hard-
tube, saw tooth sweep generator. Complete with
power supply mounted on a standard 5%’’ rack
panel.

No. 90921, withtubes. ..o vinennnn

FLAT FACE OSCILLOSCOPE

90905-B 5-inch Rack Mounting Basic Oscilloscope
features include: balanced deflection, front panel
input termincls, rear panel input terminals, astigma-
tism control, blanking input terminals, flat face pre-
cision tolerance Dumont SADP1 tube, 1800 or 2500
volts accelerating, good sensitivity, sharp focus,
horizontal selector switch, 60 cycle sine wave sweep
available, power supply available to operate ex-
ternal equipment, minimum control interaction,
rugged construction, light filter. 7 x 19 in. panel.

Na. 20905-B Oscilloscone. less tubes. . ...




ANTENNA BRIDGE
The Millen 90672 Antenna Bridge is an accurate
and sensitive bridge for measuring impedances
in the range of 5 to 500 ohms (or 20 to 2000
ohms with balun) at radio frequencies up to
200 mc. The variable element is an especially
designed differential variable capacitor capa-
ble of high accuracy and permanency of calibra-
tion, Reaclily driven by No. 20651 Grid Dipper.

No.P0672. .. .iiiiiiinnnnnnnns .

AUDIO CLIPPER
The No. 75016 Audio Clipper is a small plug-in
symmetrical type clipper with self-contained mer-
cury hatteries. It may be used to clip noise for
C-W reception as well as for A-M or SSB, or it
may be used to clip a sine wave input to form a
square wave output,
Dimensions: only 2% x 1% x 1%s in.
No, 75016, less batteries. . ..o vveeenns .

BALUNS

The No. 46672 (1 for each amateur band)
wound Balun is an accurate 2 to | turns ratio,
high Q auto transformer with the residual re-
actances tuned out and with very tight coupling
between the two halves of the total winding. The
points of series and parallel resonance are
selected so that each Balun provides an accurate
4 to 1 impedance ratio over the entire band of
frequencies for which it was designed. Suvitable
for use with the No. 90672 Antenna Bridge or
medium power transmitters.

No.46672-80/40/20/15/10.........
50 WATT EXCITER-TRANSMITTER

Modern design includes features and shielding for
TVI reduction, bandswitching for 4—7—-14-21-28
megacycle bands, circuit metering. Conservatively
rated for use either us a transmitter or exciter for
high power PA stages. 5763 oscillator-buffer-mul-
tiplier and 6146 power amplifier. Rack mounted.

No.9?0801, lesstubes. . . oo v uvvn-s
VARIABLE FREQUENCY OSCILLATOR

The No. 90711 is a complete transmitter control
unit with 6SK7 temperature-compenscted, elec-
tron coupled oscillator of exceptional stability
and low drift, o 6SK7 broad-band buffer or
frequency doubler, a 6AG7 tuned amplifier
which tracks with the oscillator tuning, and a
regulated power supplv. Output sufficient to
drive a 6146 is available on 160, 80 and 40
meters and reduced output is available on 20
meters. Since the output is isolated from the
oscillator by two stages, zero frequency shift
occurs when the output load is varied from open
circuit to short circuit. The entire unit is unusually
solidly built so thot no frequency shift occurs
due to vibration. The keying is clean and free
from annoying chirp, quick drift, jump, and
similar difficulties often encountered in keying
variable frequency oscillators.

No.90711, withtubes. . ..........

HIGH VOLTAGE POWER SUPPLY

The No. 20281 high voltage power supply has a
d.c. output of 700 volts with maximum current of
235 ma. In addition, a.c. filament power of 6.3
volts at 4 amperes is also available so that this
power supply is an ideal unit for use with trans-
mitters, such as the Millen No. 20801, as well as
general laboratory purposes. The power supply
uses two No. 816 recti‘iers. The panel is standard
83" x 19’ rack mounting.

No.90281,lesstubes. . .. ........
HIGH FREQUENCY RF AMPLIFIER

A physically small unit capable of a power output
of 70 to B5 watts on 'Phone or 87 to 110 watts
on C-Won 20,15 11,10, 6 or 2 meter amateur
bands Provision is made for quick band shift by
means of the No. 48000 series VHF plug-in
coils The No. 0B11 unit uses either an 829-B or
3E29.

No.20811 with 10 meter band coils,

loss tub@ . wiv v s o0 i svimis diay pas s

RF POWER AMPLIFIER

This S00 watt amplifier may be used as the basis
of a high power amateur transmitter. The No.
90881 RF power amplifier is wired for use with
the popular "812A" type tubes. Other popular
tubes may be used. The amplifier is of unusually
sturdy mechanical construction, on a 10%2" relay
rack panel. Plug-in inductors are furnished for
operation on 10, 20, 40 or 80 meter amateur
bands. The standard Millen No, Y0801 exciter
unit is an ideal driver for the No. 08 81 RF power
amplifier.

No. 20881, with one set of coils, but

lasstubes. . .. couvs os sewis sine e .




REGULATED POWER SUPPLY
A compact, uncased, regulated power supply, either
for table use in the laboratory or for incorporation
as an integral part of larger equipment. 250 v.d.c.
unregulated at 115 ma. 105 v.d.c.regulated at 35
ma. Minus 105 v.d.c. regulated bias at 4 mo.
6.3 v. a.c. ot 4.2 amps.

No. 90207, withtubes. . v v cv e nnaaes

INSTRUMENT DIAL
The No. 10030 is an extremely sturdy instrument
type indicator. Control shaft has 1 to 1 ratio.
Veeder type counter is direct reading in 99 revo-
lutions and vernier scole permits readings to 1 part
in 100 of a single revolution. Has built-in dial lock
and %' drive shaft coupling. May be used with
multi-revolution transmitter controls, etc., or through
gear reduction mechanism for control of fractional
revolution capacitors, etc.,in receivers or laboratory
instruments.,

No: 100305 a0 vaies <ava cwna sonin
PHASE-SHIFT NETWORK

A complete and laboratory oligned pair of phase-
shift networks in a single compact 2" x 174" x 4"'
case with characteristics so as to provide a phase
shift between the two networks of 90° = 1.3° over
a frequency range of 225 cycles to 2750 cycles.
Well adapted for use in either single sideband
transmitter or receiver. Possible to obtain a 40 db
suppression of the unwanted sideband. The No.
75012 precision adjusted phase-shift network elimi-
nates the necessity of complicated laboratory
equipment for network adjustment

No. 78012 1.0 apns o R~ I

DELAY LINES
No. 34751 —Sealed flexible distributed constants
line. Excellent rise time. 1350 ohms, 22 inches per
microsecond or 550 ohms, 50 inches per mu.-sec.
Delay cut to specifications.

No. 34700—Hermetically secled encased line.
Good rise time. 0-0.45 mu.-sec. 1350 ohm line or
0.22 mu.-sec. 500 ohm line in 1’7 x 1”" x 52" in
cose. Also larger standard cases and cases made
to order. Special impedances 400 to 2200 ohms.
No. 34600—Lumped delay line built to specifica-
tions. Delays 0.05 mu.-sec. to 250 mu.-sec. Im-
pedance 50 ohms to 2000 chms.

PHOTO MULTIPLIER SHIELDS
MU-METAL

The photo multiplier tube operates most effectively
when perfectly shielded. Careful study has proven
that mu-metal provides superior shielding, Millen
Mu-Metal shields are available from stock for the
most popular tubes.

No. 80801B for the 1P21, 1P22, 1P28, 931A
No. 80802B for the 5819, 6217, 6292, 6342,
No. 80802C for the 6199, 6291, 6467.....
No. 80802E for the 6810A, 6903........ Ve
No. 80802F for the 6372. . ...cvvveraranns
No. 80803J for the 6363, K1197.........4

. 80805M forthe 6364..........

BEZELS FOR
CATHODE RAY TUBES

Standard types are of satin finish black plastic. 5**
size has neoprene support cushion and green lucite
filter. 3’ and 2’’ sizes have integral cushioning.

No.80075—5"
No,.80073—3".
No.80072—2".
No.80071—1"

CATHODE RAY
TUBE SHIELDS

For many years we have specialized in the design
ond moaonufacture of magnetic metal shields of
nicoloi and mumetal for cathode ray tubes in our
own complete equipment, as well as for applica-
tions of all other principal complete equipment
manufacturers. Stock types as well as special de-
signs to customers' specifications promptly available.
No. 80045 —Nicoloi for SBP1...........

No. 80055 —Nicoloi for 5CP1..
No. 80043 —Nicoloi for 3’ tube.
No. 80042 —Nicoloi for 2'' tube

SHIELD CASES
ALUMINUM

Effective RF shielding for coils and transformers can
be provided by Millen Aluminum cans. Available in
several sizes from stock

No. 80003 —1%"" x 1%’
No. 80004—176"" x 17"’
No. 80005—2""x 2" x 4%’ .. ......
No. 80006 —2% ' ‘round x 4"........

No. 80007 —2% " round x 2%’ open ends




PANEL DIALS

The No. 10035 illuminated panel dial has 12 to 1
ratio; size, 82" x 6%, Small No. 10039 has
8 to 1 ratio; size, 4" x 3%"'. Both are of compact
mechanical design, easy to mount and have totally
self-contained mechanism, thus eliminating back of
panel interference. Provision for mounting and
marking auxiliary controls, such as switches, po-
tentiometers, etc, provided on the No. 10035,
Standard finish, either size, flat black art metal,

Mo, 10039 ¢iaid sisis swbe s me soe senes c
No, T00B5 < conw v comz ok 5.0 ses &

WORM DRIVE UNIT

Cast aluminum frame moy be panel or base
mounted. Spring loaded split gears to minimize
back lash.

Standard ratio 16/1. Also in 48/1 on request

No. 10000 —(state ratio) . . . ..o vonnnn

DIALS AND KNOBS

Just a few of the many stock types of small dials
and knobs are illustrated herewith. 10007 is 1%"
diameter, 10009 is 2%’ and 10008 is 33"

RIGHT ANGLE DRIVE

Extremely compact, with provisions for many meth-
ods of mounting. Ideal for operating potentiome-
ters, switches, etc., that must be located, for short
leads, in remote parts of chassis.

Mo, TOOT2. i s vies 655 sstesdas sese aas .

HIGH VOLTAGE INSULATED
SHAFT EXTENSION

No. 10061 shaft locks and the No. 39023 insulated
high voltage potentiometer extension mountings are
available as a single integrated unit—the No,
39024, The proper shaft length is independent of
the ponel thickness. The standard shaft has pro-
vision for screw driver adjustment. Special shaft
arrangements are available for industrial applica-
tions. Extension shaft and insulated coupling are
molded aos a single unit to provide accuracy of
alignment and ease of installation.

No. 39023, non locking type .. .. .......

No. 39024, locking type . . ccvvevnacan o

SHAFT LOCKS

In addition to the original No. 10060 and Neo.
10061 "DESIGNED FOR APPLICATION" shaft locks,
we can also furnish such variations as the No. 10062
and No. 10063 for easy thumb operation as illus-
trated above. The No. 10061 instantly converts any
plain V4 shaft" volume control, condenser, etc,
from "plain" to “shaft locked" type. Easy to mount
in place of regular mounting nut.

NG D OB o cic s suare wavasa svsis srwiers snoi ebiaia
Mo 10081 « ¢ e s saiais seim o siaie sravs svatsve
NE. 10052 ;. icos 5 are wraiois 0iss s wiwis asie v wre .
L o BII6YT) e o e enmes vy oo i G G

TRANSMISSION LINE PLUG

Aninexpensive, compact, and efficient polystyrene
unit for use with the 300 ohm ribbon type poly-
ethylene transmission lines. Fits into standard Millen
No. 33102 (crystal) socket. Pin spacing Y2",
diameter .095",

Mo 8781 2is « srscan swmis sia siavers ainia & vl s .

DIAL LOCK

Compact, easy to mount, positive in action, does
not alter dial setting in operation! Rotation of knob
"A" depresses finger "B" and ""C'" without imparting
any rotary motion fo Dial. Single hole mounted.

No. 10050, . .ovsesnssorsasnsrssssosmasiia

FULL SIZE




TUBE SOCKETS
DESIGNED FOR APPLICATION

MODERN SOCKETS for MODERN TUBES! Long
Flashover path to chassis permits use with trans-
mitting tubes, B66 rectifiers, etc. Long leakage path
between contacts. Contacts are type proven by
hundreds of millions already in government, com-
mercial and broadcast service, to be extremely
dependable. Sockets may be mounted either with
or without metal flange. Mounts in standard size
chassis hole. All types have barrier between con-
tacts and chassis. All but octal and crystal sockets
also have barriers between individual contacts in
addition.

The No. 33888 shield is for use with the 33008
octal socket. By its use, the electrostatic isolation of
the grid and plate circuits of single-ended metal
tubes can be increased to secure greater stability
and gain.

The 33087 tube clamp is easy to use, easy to
install, effective in function. Available in special
sizes for all types of tubes. Single hole mounting.
Spring steel, cadmium plated.

Cavity Socket Contact Discs, 33446 are for use
with the "'Lighthouse' ultra high frequency tube.
This set consists of three different size unhardened
beryllium copper multifinger contact discs. Heat
treating instructions forwarded with each kit for
hardening after spinning or forming to frequency
requirements.

Voltage regulator dual contact boyonet socket,
339921 black phenolic insulation and 33992 with
low loss mica filled phenolic insulation.

No. 33004 —4 Pin Tube Socket.........

No, 33005—35 Pin Tube Socket. . .
No. 33006 —46 Pin Tube Socket.........
No. 33008—8 Pin Tube Socket.........
No. 33888 —Shield for 33008..........
No. 33087 —Tube Clamp. .. covuuu.n i
No. 33002 —Crystal Socket %4’ x .125" ..
No. 33102 —Crystal Socket .487' x .095"’
No. 33202 —Crystal Socket ¥2"" x 125" .,
No. 33302 —Crystal Socket .487'" x .050""
No. 33446 —Contact Discs. . ... S tes Baitatia
No. 33991 —Socket for 291 . ..0evennnn.
No. 33992 —Socket for 991 . ..vevennnnn
No. 33207 —829 Socket. . ..covvvnrennn

No.33305—Acorn Socket. .. vvvvannnnn
No. 33307 —Miniature Socket and Shield,
CeramiCs «vs vorevessmasass
No. 33309 —Noval Socket and Shield, ce-
FAMALC e wiermv srois v sis suaiers 5o

No, 33405—35 Pin Socket Eimac. ........
No. 33407 —Miniature Socket only, ceramic
No. 33409 —Noval Socket only, ceramic. .

STAND-OFF INSULATORS

Steatite insulators are available in a variety of
sizes—Listed below are some of the most popular.

No. 31001 —Stand-off Y2/ x 1" ... . ....
No. 31002 —Stand-off 2" x 2V2" ... ...
No. 31003 —Stand-off 34" x 2..... .
No. 31004 —Stand-off 34" x 3V2"...... .
No. 31006 —Stand-off 73" x 8" .. ......
No. 31007 —Stand-off %" x 17", .. .....
No. 31011 —Cone %’ x Y2'' [box of 5)..

No.31012—Cone 1" x 1" . iiiiunnnns
No.31013—Cone 12" x 1", .. .oovut
No. 31014—Cone: 27" x 1" s sinnins sinss
No, 31015—Cone 3/ x 1V2" . .. v viennn




3, i o YL LT LT L R N

04000 and 11000 SERIES
TRANSMITTING CONDENSERS

Another member of the "Designed for Applica-
tion" series of transmitting variable air capacitors
is the 04000 series with peak voltage ratings of
3000, 6000, and 9000 volts. Right angle drive,
1-1 ratio. Adjustable drive shaft angle for either
vertical or sloping panels. Sturdy consiruction,
thick, round-edgecl, polished aluminum plates
with 1%’ radivs. Constant impedance, heavy
current, multiple finger rotor contactor of new
design. Available in all normal capacities.

The 11000 series has 16/1 ratio center drive
and fixed angle drive shaft.

12000 and 16000 SERIES
TRANSMITTING CONDENSERS

Rigid heavy chonneled aluminum end plates.
Isolantite insulation, polished or plain edges. One
piece rotor contact spring and connection lug.
Compact, easy to mount with connector lugs in
convenient locations. Same plate sizes as 11000
series obove,

The 16000 series has same plate sizes as 04000
series. Also has constant impedance, heavy
current, multiple finger rotor contactor of new
design. Both 12000 and 16000 series available
in single and double sections and many capaci-
ties and plate spacing

THE 28000-29000 SERIES
VARIABLE AIR CAPACITORS

"Designed for Application,” double bearings,
steatite end plates, cadmium or silver plated
brass plates. Single or double section ,022' or
066" air gap.End platesize: 19/16"'x 11 /16"
Rotor plate radius: %''. Shaft lock, rear shaft
extension, special mounting brackets, etc., to
meet your requirements. The 28000 series has
semi-circular roter plote shape. The 29000
series has approximately straight frequency line
rotor plate shape. Prices quoted on request.
Many stock sizes.

NEUTRALIZING CAPACITOR

Designed originally for use in our own No.
20881 Power Amplifier, the No. 15011 disc
neutralizing capacitor has such unique features
as rigid channel frame, horizontal or vertical
mounting, fine thread over-size lead screw with
stop to prevent shorting and rotor lock. Heavy
rounced-edged polished aluminum plates are 2/
diameter. Glazed Steatite insulation.

No: 1501 . ceeenccnnnoens crecvssns

PERMEABILITY TUNED CERAMIC
FORMS

In addition to the popular shielded plug-in per-
meobility tuned forms, 74000 series, the 69040
series of ceramic permeability funed unshielded
forms are available as standard stock items.
Winding diameters available from 34’’ to 2"’
and winding space from 115" to 112",

No.69041 —(CopperSlug). .. cvvnenn.
No.69042—(lronCore). v v v v v v vennns
No. 69043 —(CopperSlug). ......... .
No. 69044 —(lronCore). . ..ocuvvnens
Mo.69045—(CopperSlug). v vvvvuine
No.69046—(lronCore). v v vvvwvnnnnn
No. 69047 —(CopperSlug)e e v vvveunn
No. 69048 —(lronCore) ... vvveensas
No.469051 —(CopperSlug). .. cvvuvuns
No. 69052 —(lronCore}. e v cvvvvnunnn
No.69054—(lronCore) . s s v esseavens
No. 69055 —(CopperSlug). .. cvvuvann
No.69056—(lronCore). cveensenanas
No.69057 —CopperSlug). . e e vnvnn.
No.69058—(lronCore). v v v vevenanns
No.69061 —(CopperSlug)...cvovennn
No.69062—(lronCore). . v e euecvnnans



TRANSMITTING TANK COILS

A full line—all popular wattages for all bonds.
Send for special catalog sheet.

TUNABLE COIL FORM

Standard octal base of low loss mica-filled bake-
lite, polystyrene Y%2'' diameter coil form, heavy
aluminum shield, iron tuning slug of high frequency
type, suitable for use up to 35 mc. Adjusting screw
protrudes through center hole of standard octol
socket.

No. 74001, with ironcore. ........ o 5es
No. 74002, lessiron core. . .. ...cuoveeuns

RF CHOKES

Many have copied, few have equalled, and none
have surpassed the genuine original design Millen
Designed for Application series of midget RF
Chokes. The more popular styles now in constant
production are illustrated herewith. Special styles
and variations to meet unusual requirements quickly
furnished.

Figures 1 and 4 illustrate special types of RF chokes
‘34108 g available on order. The popular 34300 and 34200
3 series are shown in figures 2 and 3 respectively.

General Specifications: 2.5 mh, 250 ma for types
34100,34101, 34102, 34103, 34104 and 1 mh,
300 mo for types 34105, 34106, 34107, 34108,
34109.

No: 34700 ¢ wve sinins soie s o oo 0o sas oios
No. 34107 .. viiiiinninneinnnnnnnnnn
INOU DA QP warvinl enviaiel 5 2l simien siean o) e me) eiave
No.34103. ..t iiiiiininneinenannnnns
No.34104. .. ..t iiiiiiieiinnnnnnnns

MIDGET COIL FORMS

Made of low loss mica filled brown bakelite. Guide
funnel makes for easy threoding of leads through
pins.

Mo 45000 . cos o sioie aise o siois wioma siss wimie

NBLATOOE . o ciince o ains siois sisisin wisne sim oie w08

OCTAL BASE AND SHIELD

Low loss phenclic base with octal socket plug and
aluminum shield can 176 x 17 x 3'%s.

Mo, 74400, ¢ coe i sian s s ois sas iwis o

MINIATURE POWDERED IRON CORE
RF INDUCTANCES

The No. J300—Miniature powdered iron core in-
ductances. 0.107 in dia. x % in. long. Inductances
from 3.3 microhenries to 2.5 millihenries = 5%.
EIA standard valves plus 25, 50, 150, 250, 350,
500, and 2500 microhenries. Three layer solenoids
from 39 ‘o 350 microhenries. Y4 in. wide single pi
from 360 to 2500 microhenries. Special coils on
order.

PHENOLIC FORM
RF INDUCTANCES

The No. 34300 Inductances—Phenoclic coil form
with axial leads. Inductances from 1 microhenry to
2.5, millihenries = 59%,. RETMA standard values
plus 25, 50, 150, 250, 350, 500, and 2500 micro-
henries. Solenoids from 1 to 16 microhenries. Single
pi from 18 to 300 microhenries. Multiple pi for
higher inductances, Forms 741"’ dia. x 744 in. long,
e’ x 7, V&' x Y, and V4" x 1. Special coils
on order.

MINIATURE IF TRANSFORMERS

Extremely high Q—approimately 200—Variable
Coupling—(under, critical, and over) with all ad-
justments on top. Small size 11" x 19" x 174"’
Molded terminal base. Air capacitor tuned. Coils
completely enclosed in cup cores. T pped primary
and secondary. Rugged construction. High electrical
stability.
: No. 61 425, 452 kc. Universal Trans. .....

No. 61453, 455 ke. BFO.......civvvnn
34300 & J300 No. 61160, 1600 kc. Universal Trans.....
No. 61163, 1600 ke. BFO.......vivunn



FLEXIBLE COUPLINGS

The No. 39000 series of Millen ""Designed for Ap-
plication” flexible coupling units include, in addition
to improved versions of the conventional types, also
such exclusive original designs as the No. 39001
insulated wniversal joint and the No, 39006 "'slide-
action” coupling (in both steatite and bakelite
insulation).

The No. 39006 'slide-action” coupling permits
longitudinal shaft motion, eccentric shaft motion and
out-of-line operation, as well as angular drive
without backlash,

The No. 39005 and 39005-B (high torque) are
similar to the No. 39001, but are not insulated.
The steatite insulated No. 39001 has a special anti-
backlash pivot and socket grip feature. All of the
above illustrated units are for 4’ shaft and are
standard producticn type units. The No. 39016 in-
corporates features which have long been desired
in a flexible coupling. No Back Lash—Higher Flexi-
bility—Higher Breakdown Voltage—Smaller Diam-
eter—Shorter Length—Higher Alignment Accuracy
—Higher Resistance to Mechanical Shock—Solid
Insulating Barrier Diaphragm — Molded as a Single

Unit.

CERAMIC PLATE OR
GRID CAPS

Soldering lug and contact one piece. lug ears
annealed and solder dipped to facilitate each
combination ""'mechanical plus soldered" connection
of cable.

No.36001 — 96" . o i e it iiiiniinann

No.36002—%"......oivvvnnn
Mo, 3E008-=V4" v.0ie » o wos vains aiosie oy 0.

SNAP LOCK PLATE CAP

For Mobile, Industrial and other applications where
tighter than normal grip with multiple finger 360°
low resistance contact is required. Contact self-
locking when cap is pressed into position. Insulated
snap button at top releases contact grip for easy
removal without damage to tube.

Mo 360TT—=946"" s voip cios w50 wwli 0 sisin o

No. 3601230 un o s siis aaii o s0ds o3

SAFETY TERMINAL

Combination high voltage terminal and thru-bushing
Tapered contact pin fits firmly into conical socket
icding large area, low resistance connection.
swivel mounted in cap to prevent twisting of
lead wire.

No. 37001, Black orRed. .« ... cvssvsan
No. 37500, LoW (1885, «  « vuien ases sweis woip

THRU-BUSHING

Efficient,compact, easy to use and neat appearing.
Fits 14" ' hole in chassis. Held in place with a drop of
solder or a "'nick" from a crimping tool.

NEL I 5B & sveri o siwis win s siels aieintie st s

POSTS, PLATES, AND PLUGS

The No. 37200 series, including both insulated and
non-insulated binding posts with associated plates
and plugs, provide various combinations to meet
most requirements. The posts have captive heads
and keyed mounting.

The No. 37291 and No. 37223 are standard in
black or red with other colors on special arder. No.
37201,No.37202,and No.37204 and No,37222
are available in black, red, or low loss. The No.
37202 is also available in steatite.

No. 37201 —Single plates, pro......... -
No. 37291 —Single plates (tapered), p
No.37202—Dual plates, pr. . .o civvvvns
No.37204—Double dual plates, pr......
No.37212—Duvualplug. c e vcvvieinsnnns
No. 37222 —Non-insulated binding post, ea.
No. 37223 —Insulated binding posts, ea.. .

STEATITE TERMINAL STRIPS

Terminal and lug are one piece. Lugs are turret
type and are free floating so as not to strain L4
ceramic on wide temperature variations. Easy to
mount with series of round holes. 1400 volt and
3500 volt series.




MINIATIR n

DESIGNED  for

APPLICATION

smuall sized coil forms from our standard cataloe.

miniaturized  components
developed for use in our own equipment such as the 90901 Oscillo-
scope, are now available for separate sale. Many of these parts
are similar. in most details exeept size. to their equivalents in our
standard component parts group. In cer
plete miniaturization is not paramount. a combination of <tandard
and miniature components may  possibly

ain deviers where com-

be used to advantage.
For convemence. we have also listed on thi= pagze the extremely
i 3

CODE

A00!
A006

A007

A008
A012
AQT4

A01S

A017
A0 8
AQ19
AD21
A050
A0G61

A062
AQb6S

DESCRIPTION
Bar knob for Y8'’ shaft. Y2’ high hy %'’ long.

Fluted black plastic knob with brass insert for Y&’ shaft.

¥2'" high by %’ diameter.

Y4'" black plastic dial knob with
%'’ diameter dial. %4’ high.

V4" black plastic knob. Same as no. A0O7 except for style,
Right angle drive for /&’’ shafts. Single hole mountine.
1”" bar dial for V&'’ shaft. ¥2’* high. 180° or 280° dials for
clockwise or counter-clockwise rofation.

1"" fluted knob dial for Y3'' shaft. /2'’ high. Same dial plates
as no. AQ14.

18" diameter fluted black plastic knob for 8’/ shaft.

Knob, same as no. AOO7 except with 33’ diameter skirt.
Knob, same as na. AQO7, but without dial.

Miniature metal index for miniature dials.

Miniature dial lock.

Shaft lock for Y4’' diameter shaft. %4‘’-32 bushing. Nickel
plated brass

Shaft lock with knurled locking nut.

Shaft bearing for Y'' diameter shafts. Nickel plated brass
Fits 1744’ diameter hole.

brass insert for ¥8'' shaft

JAMES MILLEN

MAIN OFFICE

i\

CODE
EQO1

E201
E202
E212
E222
E302A

COMPONENTS

DESCRIPTION

Steatite ceromic standoff or tie-point. Integral mounting
ayelet. 0.205’ overall diameter.

Black or red plastic binding post plates for No, E222.

Black or red plastic plates for two binding posts spaced %',
Black or red plastic plug for two binding posts spaced 2",
Metal binding post with jack top.

to E306A Steatite ceramic terminal strips. %44’ wide. Ter-

minals spaced %' on centers. Screw type or solder type
thru-terminals.

J300-3.3 to JB00-2500 Complete line of miniature inductances

MOO01

M003
MO004

M0O0S5
M006
M008
MO17
M023

M024
69043

69044

3.3 to 2500 microhenries. %'’ long. Diameter 0.115" to
0.297",

Insulated universal joint style flexible coupling for %&’‘ dia.
shatrs.

Solid coupling for ¥8’' dia. shafts. Nicke! plated brass.
Universal joint style flexible coupling for V&' diameter shafts,
Inverted hubs for shert length. Not insulated.

Universal joint style flexible coupling for &'' diameter shafts,
External hub for maximum flexibility. Not insulcted.
Universal j2int style flexible coupling for Y&'‘ diameter shafts,
Spring finger. Steatite ceramic insulation.

Plastic insulated coupling with nickel piated brass inserts for
8" diameter shafts.

Plostic insulated flexible coupling for V&'’ diameter shafts.
174" long by '%4¢'‘ diameter. Bronze yoke.

Insulated shaft extension for 14’'-32 bushing and Y&'' shaft
For mounting sub-miniature potentiometer.

Locking insulated shaft extension similar to no. M023.
Steatite ceramic coil form. Adjustable core. Winding space
4" diameter by 134"/ long. Mounting 4-40 hole.

Steatite ceramic coil form. Adjustable core. Winding space
0.187"" diameter by %'’ long. No. 10-32 mounting.

MFG. CO., INC.

AND FACTORY

DEN, MASSACHUSETTS, U.S.A.




FOR EVERY APPLICATION

IMMEDIATELY AVAILABLE —FROM STOCK

Over 1,000 items to cover virtually every electronic application. . . . 400 Hermetic items,
proved to MIL-T-27A, eliminate costly test delays. . . . Highest reliability in the field. . . .
Immediately available from your local distributor. Write for catalog.

FILTERS HIGH Q INDUCTORS

3 T -
"y | . 3 :1} 3 - |
" PERMALLOY DUST

VARIABLE VARIABLE DECADE LOW FREQU. TOROIDS HIGHEST Q,

TELEGRAPH
425 to 2975 CYCLES. STANDARD HERMETIC  INDUCTOR  TO 2500 HYS.  ACCURACY, STABILITY.

HERMETIC
POWER
COMPONENTS
Military, Industrial

fesf

B
2
4
1

TELEMETERING

LOW PASS HIGH PASS BAND
400 to 70000 CYCLES.

PASS 60 to 12000 CYCLES.

COMPACT

WIDE RANGE HIGHEST

FIDELITY

PLATE TO 6 KV CT

SMALLEST SIZE

7

LINEAR STANDARD

AN

MINIATURE HERMETIC
HIGHEST POWER

ULTRA COMPACT

TRANSISTOR

LINE
ADAPTORS

REACTORS TO 1.25A

MINIATURE, WOUND CORE,
.05 T0 25 uSee.

AMATEUR
SERIES

e

BROADCAST AND
HI-FI FAVORITES

POWER :
FILAMENT 400 CYCLE

| |
i— | i
d

MAGNETIC
AMPLIFIERS

HERMETIC
AUDIOS

INVERTERS TO 830V

ZA FROM BATTERY

COMPLETE LINE OF
AUDIO & POWER

VOLI’AG: ADJUSTORS . FOR
HAM, MARINE, ETC.

SOLAT‘ON
UNITS 10 2500 W

FOR SERVO MOTOR
!RA!:%IS;DOVR,%HV 2 70 18 WATTS. .

COMMERCIAL GRADE REPLACEMENT TYPES

FOR TUBE, TRANSISTOR,

P TCH
CHOPPER, AND MATCHING AUDIO, POWER, FILAMENT AND

COMPLETE LINE OF AUDIO & POWER
SERVICE, .8 to 12 0Z, EACTORS 'To et

UNITS FOR COMMERCIAL EQUIPMENT.

UNITED TRANSFORMER CORPORATION

150 Varick Street, New York 13, N. Y,

And Special Units to
Your Specifications

LOS ANGELES 16, CALIF.
CABLES: "“ARLAB"

PACIFIC. MFG. DIVISION: 4008 W. JEFFERSON BLVD.,
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y.
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Johnson Amateur Equipment

=== FOr Full COmmunication POWER!

VIKING "ADVENTURER™ 50 WATT TRANSMITTER —Used to earn first Novice WAC!
(Worked All Continents.) Self-contained, effectively TVl suppressed, instant bandswitch-
ing 80, 40, 20, 15, and 10 meters. Operates by crystal or external VFO. An octal
power receptacle located on the rear apron provides full 450 VDC at 150 ma. and 6.3
VAC at 2 amp. output of supply to power auxiliary equipment such as a VFO, signal
monitor, or modulator for phone operation. This receptacle also permits using the full
output of the supply to power other equipment when the transmitter is not operating. Wide
range pi-network output handles virtually any antenna without separate antenna tuner.
Break-in keying is clean and crisp. Designed for easy assembly. With tubes, less crystals
and key. Dimensions: 10%" x 814" x 7 %". Shipping Weight: 19 lbs.

Cat. No, 240-181-1..Kit .o oo vavnion sion cmes vane seisin o Amateur Net $54.95

SPEECH AMPLIFIER 'SCREEN MODULATOR —Designed to provide phone operation
for the "Adventurer". High gain—use with either crystal or dynamic microphones, Simple
installation—only minor wiring changes necessary in "Adventurer””. With tubes.

Cat. No. 250-40. .Kit.......convevvnnns O RO QT e+ss..Amateur Net $12.25

VIKING "NAVIGATOR" TRANSMITTER EXCITER —This compact, flexible CW trans-
mitter hos enough RF power to excite most high powered final amplifiers on CW and AM.
40 watts—bandswitching 160 through 10 meters. Highly stable, built-in VFO is tempera-
ture compensated and voltage regulated—may also be operated crystal control. Timed
sequence keying—effectively TVI| suppressed. Pi-network antenna load matching from
40 to 600 ohms. With tubes, less crystals and key. Dimensions: 13%" x 9V4" x 104",
Shipping Weight: 27 Ibs.

Cat. No. 240-126-1. .Kit. ......cocnvannns el §jae alaisie’s Amateur Net $149.50
Cat. No. 240-126-2. . Wired and tested. . v e vvveveessss.. Amateur Net $199.50

VIKING "CHALLENGER" TRANSMITTER —Ideal for fixed station, emergency, portabie
or field day use, the “Challenger” is a full size transmitter with three RF stages—designed
for fast, easy tuning, excellent stability and plenty of reserve drive. 70 watts phone input
80 through 6 meters, 120 watts CW inpui 80 through 10 meters ... 85 wctts CW input
on & meters! A single 6DQ6A buffer drives two husky 6DQ6SA bridge neutralized
tetrodes in the final amplifier. Hi "Q" wide range pi-network output—effectively TVI
suppressed and filtered. For crystai or external VFO control. Excellent keying system.
With tubes and built-in power supply.

Cat. No. 240-182-1. . Kit. ... ... ... ..ciiiiuiinnenn. .. Amateur Net $114.75

Cat. No. 240-182-2.  Wired and tested. ..... d5 4 ians Bhes o Amateur Net $154.75

VIKING "RANGER™ TRANSMITTER—This outstanding amateur transmitter will also
serve as an RF and audio exciter for high power equipment. As an exciter, it will drive any
of the popular kilowatt level tubes. No internal changes necessary to switch from trans-
mitter to exciter operation. Self-contained, 75 watts CW or 65 watts phone input
... instant bandswitching 160, 80, 40, 20, 15, and 10 meters. Extremely stable, built-in
VFO or crystal control—effectively TVI suppressed—high gain audio—timed sequence
(break-in) keying—adijustable wave shaping. Pi-network antenna load matching from 50
to 500 ohms. Easily assembled—with tubes, less crystals, key and microphone. 152" x
958" x 14", Shipping Weight: 54 Ibs,

Cat. No. 240-161-1. .Kit......... sesescsanssancsassss. Amateur Net $229.50
Cat. No. 240-161-2. . Wired and tested. . . .............. Amateur Net $3229.50

VIKING "VALIANT” TRANSMITTER —Designed for outstanding flexibility and per-
formance. 275 watts input on CW and SSB (P.E.P. with auxiliary SSB exciter), 200 watts
AM. Instant bandswitching 160 through 10 meters—operates by built-in VFO or crystal
control. Pi-network tank circuit will match antenna loads from 50 to 600 ohms—final
tank coil is silver-plated. Other features: TVl suppressed—timed sequence (break-in)
keying—high gain push-to-talk audio system—Ilow level audio clipping—built-in low
pass audio filter—self-contained power supplies. With tubes, less crystals, key, and micro-
phone. Dimensions: 21" x 118" x 1614 ". Shipping Weight: 83 Ibs.

Cat. No. 240-104-1. .Kit. . ............. sectesennsn.... Amateur Net $349.50
Cat, No, 240-104-2., Wired and fested....vvuveenar.. . , Amateur Net $439.50



VIKING "FIVE HUNDRED" TRANSMITTER —Rated a full 600 watts CW ... 5
phone and SSB. (P.E.P. with auxiliary SSB exciter.) All exciter stages ganged

V0 watts
te VFO

tuning. Two compact units: RF unit small enough to place on your operating desk beside

receiver—power supply/modulator unit may be placed in any convenient

location,

Crystal or built-in VFO control—instant bandswitching 80 through 10 meters—TVI sup-

pressed—high gain push-to-talk audio system—low level audio clipping. Pi

-network

output circuit with silver-plated final tank coil will load virtually any antenna system. With

tubes, less crystals, key, and microphone. Dimensions: RF Unit—21" x 1154" x 164"
Power Supply—20%" x 1534 " x 10%4". Total Shipping Weight: 200 Ibs.

Cat. No. 240-500-1. . Kit............. Y S p— Amateur Net $%$749.50
Cat. No. 240-500-2. . Wired and tested........... e Amateur Net $949.50

VIKING "THUNDERBOLT” AMPLIFIER—The hottest linear amplifier on the market—
handles over 2000 watts P.E.P.* input SSB; 1000 watts CW; 800 watts AM linear; in a
completely self-contained desk-top package. Continuous coverage 3.5 to 30 mcs.—

instant bandswitching. May be driven by the Viking "MNavigator'”, "Ranger”, "Pace-
maker”, or other unit of comparable cutput. Drive requirements: approximately 10 watts
in Class AB: linear, 20 watts Class C continuous wave. With tubes and built-in power
supply. Dimensions: 21" x 115" x 1674s". Shipping Weight: 140 Ibs.

Cat. No. 240-353-V. oKt v v vais von avvens snwg areins smi 4 Amateur Net $524.50
Cot. No. 240-353-2. . Wiredand tested. . . c.vcovvnnnnnn. Amateur Net $589.50

VIKING "COURIER"” AMPLIFIER—Rated a solid one-half kilowatt P.E.P. input with
auxiliary SSB exciter as a Class B linear amplifier; one-half kilowatt input CW or 200
watts in AM linear mode. Completely self-contained desk-top package—may be driven
"Pacemaker,” or other unit of comparable output.
Continuous coverage 3.5 to 30 mcs. Drive requirements: 5 to 35 watts depending upon
mode and frequency desired. Pi-network output designed to match 40 to 600 ohm
antenna loads. Fully TVl suppressed. Complete with tubes and built-in power supply.

by the Viking "Navigator,” "Ranger,"”

Dimensions: 152" x 95" x 14", Shipping Weight: 68 Ibs.

Cat. No. 240-352-T. i Ki¥io . vi o 2056 viis siais s aie s giia 3 SN g
Cat. No. 240-352-2. . Wired and tested

VIKING "6N2" TRANSMITTER —Instant bandswitching on 6 and 2 meters, this compact
VHF transmitter is rated ot 150 watts CW and 100 watts AM phone. Completely shielded
and TVl suppressed, the "6N2" may be used with the Viking "Ranger,” "Viking I, "'Viking II,""
or similar power supply/modulator combinations capable of at least 6.3 VAC at 3.5
amp., 300 VDC at 70 ma., 300 to 750 VDC at 200 ma. and 30 or more watts audio.
May be operated by built-in crystal control or external VFO with B-9 mc. output. With
tubes, less crystals, key, and microphone. Dimensions: 13%" x 838" x 8, ". Shipping

Weight: 14 lbs.

Cat. No. 240-201-1. .Kit..........

Cat. No. 240-201-2. . Wired and tested. . ...

VIKING "6N2"" THUNDERBOLT AMPLIFIER —Brand new . .
coverage on 6 and 2 meters. Rated at 1200 watts P.E.P.” input SSB and DSB, Class ABy;
1000 watts CW input Class C; and 700 watts input AM linear, Class AB1. Drive require-
ment approximately 5 watts in Class ABy linear or 6 watts Class C continuous wave.
Effectively TVI suppressed and filtered—wide range pi network output. Qutstanding effi-
ciency—Ilosses on 2 meters held to approximately 5%, instead of common 25% losses
experienced in some other 2 meter circuitry, due to unique silver-plated anode and other
external metal portions of the 7034 tubes; silver-plated inductors, capacitors, and switch.

With tubes. Dimensions: 21”7 x 1134” x 167/s”.

Shipping Weight: 140 Ibs.
Cat. No. 240-362-1. Kit. .. .. ...

Cat. No. 240-362-2. . Wired and tested. . ..

The E. F. Johnson Company reserves
the right to change prices and speci-
fications without notice and without
incurring obligation.

vevewsen....Amateur Net $524.50
.....Amateur Net $589.50

Amateur Net $244.50
Amateur Net $289.50

Amateur Net $129.50
verassesss.. Amateur Net $169.50

. continuous bandswitched

B2, PSSl : = e

VIKING ""KILOWATT'" AMPLIFIER—Erilliontly designed and engineered, the
Viking ""Kilowatt'" is the only power amplifier available which will handle full
2000 watts SSB* input and 1000 watts CW and plate-modulated AM! Class
"'C"" final amplifier operation provides plate circuit efficiencies in excess of 70" U
Final amplifier utilizes two 4-400A tetrodes in parallel, bridge neutralized. Con-
finuous coverage 3.5 to 30 mc. Excitation requirements: 30 watts RF and 10 watts
audio for AM; 10 watts peak for SSB.

Cat. No. 240-1000. Wired and tested...... R e Amateur Net $1595.00
Cat. No. 251-101-1. . Maiching accessory desk top, back and three drawer
Pedestal........c.iiiiiiiniiriir it et FOB Corry, Pa. $132.00

*The FCC permits a maximum of one kilowatt average power input for the
omateur service. In SSB operation under normal conditions this results in peak
envelope power inpuls of 2000 wotts or more depending upon individual voice
characteristics.

| L. Johnson COompany”
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Johnson Station Accessories
=== FOr Qutstanding PERFORMANCE!

VIKING AUDIO AMPLIFIER —A self-contained 10-watt speech amplifier complete with
power supply. Speech clipping and filtering designed to raise average modulated
carrier level ... improves the performance and effectiveness of your AM transmitter,
Inputs provided for microphone, or line. Complete with tubes. Dimensions: 137" x 8"
53", Shipping Weight: 22 |bs.

Cat. No. 250-33-1. Kit. .. ... ..., Amateur Net $73.50
Cat. No. 250-33-2. . Wired and tested . . .......... Amateur Net $99.50

POWER REDUCER—Provides up to 20 watfts continuous dissipation for 100-150 watt
transmitters such as Johnson Viking, Collins 32V, or others, permitting them to serve as
exciters for the Viking "Kilowatt'. Completely shielded—equipped with SO-239 coaxial
connectors. Dimensions: 32" long x 24" diameter.

Calti Mo 25029, . o555 svmasons 360 & Fatas 50 o G5l vaad 955 Amateur Net $13.95
POWER DIVIDER—Provides up to 35 watts continuous dissipation. Designed to provide

the proper output loading of the "Pacemaker” SSB Transmitter when used to drive the
Viking Kilowatt Amplifier.

Cat. No. 250-34

........... Amateur Net $25.50

VIKING ""6N2'"" VFO—Exceptionally stable and compacf—designed to replace 8 to 9
me. crystals in frequency multiplying 6 and 2 meter transmitters, including types using
overtone oscillators. Temperature compensated and voltage regulated for minimum
drift and high stability. Plexiglas dial calibrated from 144 to 148 mc., 50 to 51.5 mc,,
51.51t0 53 mc. 10 to 1 vernier tuning. Complete with tubes and calibrated dial. Dimen-
sions: 4" x 45" x 5",

Cat. No. 240-133-1. .Kit.......................0uu.e..... Amateur Net $34.95
Cat. No, 240-133-2. . Wired and tested..... SO0 NPT GIOD Amateur Net $54.95

VIKING ""6N2’" CONVERTER—This compact "6N2" Converter provides instant front
panel switching from normal receiver operation to either 6 or 2 meters. Maximum
sensitivity and low noise fioure—excellent image and |. F. rejection due to double-tuned,
overcoupled, interstage circuits on both &6 and 2 meters, With tubes. Dimensions: 234" x
5" x 12.” Shipping Weight: 5 Ibs. Available kit or wired in either 26 to 30 mcs., 28 to 30
mes., 14 to 18 mes., or 30.5 to 24.5 mes. ranges. Specify range desired.

Kits. .. .. ... ...e i ii e e, .. Amateur Net $59.95
WiredModels, .......................coivivienens..... Amateur Net $89.95

MOBILE VFO—Diminutive variable frequency oscillator designed specifically for mobile
use. Rugged construztion minimizes frequency shift due to road shock and vibration . . .
small size permits steering post mounting. Temperature compensated and voltage regu-
lated. Calibrated 75 through 10 meters ... 3.75 to 4 mc. output for 75 meters and 7.05
to 7.45 for 40 to 10 meters. 10.5 mc. output also available for doubling to 15 meters.
With tubes. Dimensions: 4" x 414" x 5",

Cal. No., 240-152-7 Mo ¢ o maimn sinins virnns sims o sinie o wyeie = o Amateur Net $33.95
Cat. No. 240-152-2. .Wired and tested.................. Amateur Net $52.50

"WHIPLOAD-6"—Provides high efficiency hase loading for mohile whips with instunt
bandswitch selection of 75, 40, 20, 15, 11, and 10 meters. On 75 meters a spacial
capacitor with dial scale permits tuning entire band. Covers other bands without tuning.,
Air-wound coil provides extremely high “Q." Fibre-glass housing protects assembly.
Mounts on standard mobile whip.

Cat. No. 250-26. . Wired and tested. . v vvveevsenennns.... Amateur Net $16.95

VIKING "MATCHBOXES" Provides completely integrated antenna matching and switch-
ing systems for kilowatt or 27 5-watt transmitters. Units complete with built-in directional
coupler and indicator. Bandswitching 80, 40, 20, 15, and 10 meters. Quickly and easily
match transmitter to balanced or unbalanced lines over a wide range of antenna im-
pedances will tune out large amounts of capacitive or inductive reactance. No "plug-in"
coils or "load-tapping' necessary.

275 WATT "MATCHBOX"

Cat. No. Amateur Net
250-23-3 . With built-in Directional Coupler & Indicator.................... $86.50
250-23 . .Less built-in Directional Coupler & Indicator. ........ocoveinn. 0. $54.95
KILOWATT "MATCHBOX"

Cat. No. Amateur Net
250-30-3 . With built-in Directional Coupler & Indicator. ...t $149.50
250-30. .Less built-in Directional Coupler & Indicator. . ................... $124.50

SWR BRIDGE—Measures standing wave ratios for effective use of a low pass filter and
antenna coupler. 52 ohms impedance can be changed to 70 ohms or other value. SO-239

"

connectors and polarized meter jacks. Dimensions: 414" long x 254s" diameter.
Cat. No. 250-24. . Wired and tested. . s e s covscsansasssss. Amateur Net $9.75



""SIGNAL SENTRY" —Monitors CW or phone signals on all frequencies to 50 me. without
tuning. Energized by transmitter RF. Mutes receiver cudio for break-in. May be used as
code practice oscillator with simple circuit modification. Requires 250 VDC at 5 mo.; and
6.3 VAC at .6 amp. from receiver or other source. With tubes. Dimensions: 35" x 374"
x 3%". Shipping Weight: 3 Ibs.

Cat. No. 250-25. . Wiredand tested . ... ...oovvnrinnnnnss Amateur Net $22.00

CRYSTAL CALIBRATOR—Provides accurate 100 ke. check points to 55 mc. Requires
6.3 volts at .15 amps. and 150-300 volts ot 2 ma. With tube, military-type crystal, power
cable and extension leads. Dimensions: 134" x 214" x 114", (Over-all height to top of
tube is 334".)

Cat. No. 250-28. . Wired and ftested. ......... e Amateur Net $17.95

LOW PASS FILTER—Handles more than 1000 watts RF—provides 75 db or more
attenuvation above 54 mc. Insertion loss less than .25 db. Replaceable Teflon insulated
fixed capacitors. SO-239 coaxial connectors. Wired and pre-tuned. Dimensions: 9" long
x 2%/4s" diameter,

Cat. No. 250-20. . Wired and pre-tuned 52 ohms.......... Amateur Net $14.95
Cat. No. 250-35. . Wired and pre-tuned 72 ohms.......... Amateur Net $14.95

ATTENUATORS —These T-pad attenuators provide & db of attenuation with required
power dissipation to enable various units to serve as exciters for the Viking "Thunderbolt”
linear amplifier. Dial instantly cuts attenuator in or out of circuit. Dimensions: 442" x 314"
x 9Vg". Shipping Weight: 2 Ibs.

For use with Viking "Ranger" of similar unit. Provision for 75 watt incandescent bulb so
unit may be used with Viking Il or similar transmitter exciter,

Cat. No. 250-42-1. . ... .. .. .. .. .. ... ... ............. .Amateur Net$21,50
Cat. No. 250-42-3 For use with HT-32, or similar unit. .. .. ... . Amateur Net $21.50

PRE-TUNED BEAMS—Rugged, semi-wide spaced pre-tuned beams with balun matching
sections. For 20, 15 and 10 meters. Approximately 9.0 db gain over tuned dipole—
greater than 27 db front-to-back ratio with low SWR. Pattern is uni-directional, beam
width is 55°. No adjustments required. Boom assemblies are of 2" galvanized steel
tubing, elements are aluminum alloy tubing. No loading devices needed for flutter
dampening or corona discharge.

Cat. No. (With 3 elements, beam and balun) Amateur Net
138-420-3 20 Meter Beam—20" Boom. 84 I|bs. Net Weight............ $139.50
138-415-3 15 Meter Beam—13'7" Boom. 53 Ibs. Net Weight.......... 110.00
138-410-3 10 Meter Beam—10’ Boom. 42 Ibs, Net Weight............ 79.50

ROTOMATIC ROTATOR—Safely supports multiple arrays weighing up to several
hundred pounds, even under heavy icing conditions or high wind loading. Rotates 1 RPM
—over-all gear reduction 12,000 to 1. Rotator housing is cast aluminum, with 516"
steel rotating table. Includes desk top control box for automatic and accurate antenna
azimuth bearing.

Cat. No. Amateur Net
138-116. . With limit switches for 370" rotation—coaxial line.... .. ... $354.00
138-108. .Beam switchingrelay.. .. .. ... . ... . ... . ...............% 22.00
144-16. . .8 Conductor cable for rotator, per ft... .. .. .................% .26

"MATCHSTICK" — Fully automatic, pre-tuned multi-band vertical antenna system. Band-
switching 80 through 10 meters. Remotely motor driven from operating position. Easily
mounts on roof top or in limited space location, Low SWR (less than 2 to 1) all bands.
Impedance: 52 ohms. Complete with 35" mast, base, tuning network, relays, control box
and & nylon guy ropes. Shipping Weight: 38 Ibs.

Cot. No. 137-102. .Pre-funed......cocvennnnnne vessess. Amateur Net $129.50

T-R SWITCH—Provides instantaneous high-efficiency electronic antenna switching. Ex-
cellent receiver isolation. Gain: 0 db at 30 mcs.; 6 db at 3.5 mcs. Rated at 4000 watts
peak power. Instantaneous break-in on SSB, DSB, CW or AM. Will not affect transmission
line SWR—provides an effective impedance match to most receivers through 3 to 30 mc.
range. With tube, power supply, and provision for RF probe, etc. Dimensions: 434" x 4 ¥a"
x 5%46". Shipping Weight: 5 Ibs,

Cat. No. 250-39..Wired and tested. . . . ................ Amateur Net $27.75

DIRECTIONAL COUPLER AND INDICATOR—Provides continuous reading of SWR and
relative power in transmission line. Coupler may be permanently installed in 52 ohm
coaxial line—handles maximum legal power as specified by FCC. Standard tip jacks
permit use of commercial multimeter as indicating instrument—reference sheets showing
curves supplied for popular multimeter basic ranges. Indicator is a 0-100 micro-ammeter
calibrated in SWR and relative power. Monitors incident or reflected power quickly with
flip of a switch. Coupler dimensions: 64" long x 254" diameter. Shipping Weight: 2 Ibs.
Indicator dimensions: 4" x 43%" x 414". Shipping Weight: 4 Ibs.

Cat. No. 250-37..Coupler, Wired and tested . . .. ........ Amateur Net $11.75

Cat. No. 250-38 Indicator, Wired and tested............ Amateur Net $25.00

KEYS AND PRACTICE SETS—Johnson also manufactures a complete line of semi-
automatic, high speed, standard, heavy duty and practice keys; code practice sets and
buzzers. See your distributor for complete information.

fications without notice and without
incurring obligation.

The E. F. Johnson Company reserves (i‘] FL.F. Johnsomn Company”

the right to change prices and speci-
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Johnson Components
.==TOpSs for QUALITY!
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The E. F. Johnson Company also manufactures a
complete line of electronic components for those of
you who prefer to design and build your own trans-
mitting equipment and accessories. The complete
line is covered in Catalog 978 ... write for your
free copy today!

"'n‘

Sn,

= KNOBS AND DIALS —Includes a new group of molded nylon
collet knobs available in 13 bright colors; and a distinctive line of
matching knobs and dials suitable for use on the finest electronic
and electrical equipment. Available with phenolic skirts, etched and
anodized aluminum skirts with markings, or flat dial scores engraved
and filled. Collet knobs are constructed of tough, shock-proof nylon
—designed for use with ¥2” shafts; standard phenolic knobs meet

MIL-P-14 specifications, and are furnished with heavy brass inserts
for 4" shafts.

w

INSULATORS —High quality steatite and porcelain insulators.
Heavily glazed surfaces and heavy nickel-plated brass hardware
suitable for exposed application. May be supplied with screws
and nuts or with jacks to accommodate standard banana plugs.
Through-panel and stand-off types. Also antenna insulators, bush-
ings, and feeder insulators.

PILOT LIGHTS—A complete selection of standardized pilot
lights. Faceted jewel or wide-angle lucite lens types; enclosed or
open body styles; standard bayonet, candelabra, or miniature
screw types, and a wide variety of mounting brackets and assem-
blies. Jewels available in clear, red, green, amber, blue, and opal.
All Johnson pilot lights are described in detail in Pilot Light Catalog
750a—send for your copy!

CONNECTORS—A complete line of new nylon connectors is
available in addition to standard banana jacks and plugs. Nylon
components include insulated solderless tip and banana plugs, tip
and banana jacks, tip jack and sleeve assemblies, metal-clad tip
jacks, and a 6-way binding post. In thirteen bright colors—nylon
components are designed to operate through an extremely wide
temperature range and high relative humidity conditions. (Voltage
breakdown up to 11,000 volts.) Solderless nylon plugs are easy to

assemble—both plugs and jacks require @ minimum amount of
mounting space.




VARIABLE CAPACITORS

TYPE ““M’ —These diminutive capacitors provide the perfect answer to
problems encountered in the design of compact radio frequency equipment.
Bridge-type stator terminal provides extremely low inductance path to both
stator supports. Soldered bearing and heavily anchored stator supports
insure extreme rigidity.

TYPE “‘S""—Midway between types “M" and “K" in size, design is compact
and construction rugged. Equipped with DC-200 treated steatite end frame
and nickel-plated brass plates—an excellent choice where higher capacity
values than provided in “M" types is required in small space.

TYPES ““C”’ AND *‘D"—Functional favorites built to exacting standards for
medium power RF equipment. Dual types have centered rotor connection for
balance. End frames tapped for panel mounting. Brackets furnished for chassis
mounting.

TYPES “E"” AND “F'’—Rugged units provide a large amount of
capacity per cubic inch and extremely low capacity to the chassis. Panel or
chassis mounting.

TYPE ““G’—Neutralizing capacitors for medium and low-powered stages
zonstructed on the rotor-stator principle. Panel or chassis mounting.

TYPE ‘‘J”"—Heavy-duty miniature type has wider spacing than most small
air variables, yet occupies little more space. Useful for small space plate tank
zircuits and low power stages where standard miniatures have insufficient
plate spacing.

TYPE “K'"—W:idely used for military and many commercial applications,
the Johnson type “K' features DC-200 impregnated steatite end frames,
slotted stator contacts, and extra-rigid soldered plate construction.

TYPE “L’—A superior quality general purpose capacitor embodying im-
sortant advances in design and construction. The rotor bearing and stator
support rods are actually soldered directly to the ceramic (steatite) end frames,
making the capacitor virtually vibration-proof.

TYPE ‘“N’"—Extremely high voltage rating in proportion to size requiring a
;mall mounting area. Constant voltage rating throughout full capacity range.
These are of the aluminum cup and cylinder type of construction and are
supported by a steatite frame with cast aluminum mounting bracket.

TYPE ‘R’ —The rugged Johnson version of a popular standardized capa-
sitor. Featuring extra heavy steatite stator support insulators and soldered

TYPE ""U”’ —New design—rotor and sta-
tor are precision machined from one piece
of solid brass, offering excellent uniformity
and outstanding mechanical stability. Low
cost due to automatic production techniques.
High torque-to-mass ratio. Excellent, low
temperature coefficient.

TYPE "'U’

TYPE T —Tiny new
sub-miniature air vari-
able built to comply
with MIL-C-922 speci-
fications. Excellent me-
chanical stability, "Q”
greater than 3000 at
1 Mc., and high torque-
to-mass ratio, Avail-
able only in production
quantities for commer-
cial applications.

023" thick brass plates; all metal parts heavily nickel-plated for corrosion-
resistance.

TU-BE SOCKETS

Johnson steatite and porcelain tube sockets are avail-
able in three grades: Standard, Industrial, and Military.
All are manufactured to rigidly controlled specifications,
and all are made of only the highest quality materials.

Bayonet Types—include Medium, Jumbo, and Super
Jumbo 4 pin models.

Steatite Wafer Types—available in 4, 5, 4, 7, and
8 pin standard sockets as well as Super Jumbo 4 pin,
Giant 5 and 7 pin models and VHF transmitting Septar
base types.

Miniature Types—are steatite insulated and avail-
able in Miniature 7 and 9 pin models. Matching minia-
ture shields also available.

Special Purpose Types—include sockets for tubes
such as the 204A and 849, the 833A, 304TL, 5D21,
705A, and other special types.

For High Power Transmitting Tubes—such as the
4X150A, 4X150D, 4X250B, 4CX250B, 4X250F,
7034, 7035. Available in several designs—with or with-
out screen grid by-pass capacitor. Basic socket molded
of low-dielectric loss-factor Kel-F plastic. Contacts are
low-resistance silver-plated beryllium copper.

fi:\ K. K. Johnsomn COmnmpany”
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Typical RCA Beam Power Tubes for
amateur service
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RCA Transmitting Tube Manual TT-4
... 256 fact-filled pages covering 108
RCA power tube types and 13 RCA
high-voltage rectifier types. Available
at your RCA Industrial Tube Distrib-
utor. Or send $1.00 to RCA Commer-
cial Eng., Sec. A-11-M, Harrison, N. J.

RCA HAM TIPS ... Written by hams for
hams. A regular publication carrying
up-to-the-minute articles, and latest
“tips” for the shack. Free from your
RCA Industrial Tube Distributor.
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Popular RCA “High-Perveance” Power Tubes for Transmitter Application
(listed according to power-input ratings)
RCA Beam Power Class Max. Max. DC Max. freq. Heater (H) or
Type or of Plate Input Plate For full Filament (F)
Triode Service Watts Volts Input (Mc) Volits
cw 17 350
5763 Beam Fowi AM 15 300 50 6.0 (H)
6417 Beam Power Same as RCA-5763, except for heater voltage 12.6 (H)
w 40 600
2E26 Beam Power SSB 375 500 125 6.3 (H)
AM 27 ) 500
72E247 ~ Beam Power Same as RCA-2E26, but has quick-maciing filament 6.3 (F)
6893 Becin Powgri Saine as RCﬁ-ZEé, except for heater voltage 12.6 (H)
. cw 504 750 6.3% (H)
832-A Beam Power MM 36°* 600 200 12.6° (H)
o - cw 75 7.;0 -
807 Beam Power SSB 20 750 60 6.3 (H)
AM 60 600
1625 Bedm Pawer Same as RCA-BO?, excep?' for heater voltage 12.6 (H)
- o _ond use of medium-7-pin base
cw - 600
6524° Beam Power SSB 85** 600 100 6.3 (H)
AM 55°* 500
6850 Beam Power Same as RCA-6524, except for heater voltage 12.6 (H)
cw 90 750
6146 Beam Power SSB 85 750 60 6.3 (H)
AM 67.5 600
6883 Beam Power Same as RCA-6146, except for heater voltage 12.6 (H)
cw 120" 750 A
829-B° Beam Power SSB 120" 750 200 Tg‘g' 5:))
AM Q0** éOCL :
W 315 1350
7270 Beam Power SSB 250 1350 60 6.3 (H)
AM 210 1 iOCL o -
cw 260 1500
811-A Triode SSB 235 1500 30 6.3 (F)
AM 175 B LZSO - -
. cw 260 1500
812-A Triode AM 175 1250 7.'30; _76.3 (F)
- : cw 300 1500
8005 Triode AM 240 1250 - fO ) 10 (F)
7034/ cw 500 2000
4X150A Beam Power SSB 630 2250 150 6.0 (H)
AM 320 1600 -
cw 500 1500
7094 Beam Power SsB 400 2000 60 6.3 (H)
AM 335 1200 -
Ccw 500 2250
813 Beam Power SSB 450 2500 30 10 (F)
AM B 400 2000 B -
cw 750 2500
8000 Triode SSB 510 2750 30 10 (F)
- B B AM 500 7 2000
cw 1000, plus 3300
833-A Triode SSB 1000, plus 3300 30 10 (F)
AM 1000 3000 -
*Twin-Type ** Total for both units A For parallel-heater connection ® For series-heater connection

Available in a choice of input power ratings up to the

tubes are the Amateur’s answer for
and af power application you can na

legal limit, RCA power

power reliability in virtually every rf
me. And remember this:

Many RCA power

tubes for amateurs do not require expensive air-system sockets.

The quick-reference chart shown here w
you need—from more than 90 types of
for amateur transmitter application. N
chart has “high-perveance” design..
the power you want at relatively low
Every type is conservatively rated to

Whether you

are

when you “retube”, with “RCA’s".

That's why RCA Power Tubes continue to be to

ill help you pick the popular RCA types
beam power tubes and triodes available
ote that every type listed on this

-a development that enables you to get
plate voltage. And note this, too:

assure long hours of “solid” QSO's.

planning high power or low power, CW or ‘Phone, AM or
SSB—you’ll get more watts for your “transmitter dollar™

when you design, or

p choice among the leading transmitter

designers. Your RCA Industrial Tube Distributor handles the complete line.

RADIO CORPORATION OF AMERICA

Eiectron Tube Division Harrison, N. J.



| HEATHKIT HAM EQUIPMENT
1S DESIGNED BY HAMS
WHO KNOW YOUR
PROBLEMS AND |
NEEDS. '

"~ PROVEN, '"ON THE AIR"
 PERFORMANCE

“SENECA' VHF HAM TRANSMITTER KIT
Beautifully styled and a top performer of highest quality throughout.
The ““Seneca’ is a completely self-contained 6 and 2 meter transmitter
featuring a built-in VFO for both ¢ and 2 meters, and 4 switch-selected
crystal positions, 2 power supplies, 5 radio frequency stages, and 2
dual-triode audio stages. Panel controls allow VFO or crystal control,
phone or CW operation on both amateur bands. An auxiliary socket
provides for receiver muting, remote operation of antenna relay and
remote control of the transmitter such as with the Heathkit VX-I1
Voice Control. Features up to 120 watts input on phone and 140 watts
on CW in the 6 meter band. Ratings slightly reduced in the 2 meter
band. Ideal for ham operators wishing to extend transmission into the
VHF region. Shpg. Wt. 56 lbs.

e HEATHKIT VHF-1 $15995

DX-20 CW TRANSMITTER KIT

Designed exclusively for CW work, the DX-20 provides the novice as well
as the advanced-class CW operator with a low cost transmitter featuring
high operating efficiency. Single-knob bandswitching covers 80, 40, 20, 15
and 10 meters using crystals or an external VFO. Pi network output circuit
matches antenna impedances between 50 and 1,000 ohms. Employs a
single 6DQOGA tube in the final amplifier stage for plate power input of
50 watts. A 6CLG serves as the crystal oscillator. The husky power supply
uses a heavy duty 5U4GB rectifier and top-quality “potted” transformer
for long service life. Easy-to-read panel meter indicates final grid or plate
current selected by the panel switch. Complete RF shielding to minimize

o $ 95 TVI interference. Easy-to-build with complete instructions provided.
HEATHKIT DX-20

Shpg. Wt. 19 lbs.

v

; HEATH _ C“OMPANY Benton Harbor, Michigan

a subsidiary of"Q_ays_tr'om, Inc.




Mobile Gear...for the Ham on the o!

‘“CHEYENNE’' MOBILE HAM TRANSMITTER KIT

All the fun and excitement . . . plus the convenience of mobile
operation are yours in the all-new Heathkit “Cheyenne” trans-
mitter. The neat, compact, and efficient circuitry provides vou
with high power capability in mobile operation, with low bat-
tery drain using carrier controlled modulation. All necessary
power is supplied by the model MP-1 described below. Covers
80, 40, 20, 15 and 10 meters with up to 90 watts input on
phone. Features built-in VFO, modulator, 4 RF stages, with
a 6146 final amplifier and pi network (coaxial) output coup-
ling. High quality components are used for long service life
and reliable operation, along with rugeged chassis construction
to withstand mobile vibrations and shock. Thoughtful circuit
layout provides for easc of assembly with complete instructions
and detailed pictorial diagrams to insure success. A spotting
switch is also provided. A specially designed ceramic micro-
phone is included to insure effective modulation with plenty of
“punch”. Plan now to enjoy the fun of mobile operation by
building this superb transmitter. Shpg. Wt. 19 Ibs.

‘“COMANCHE" MOBILE HAM RECEIVER KIT
Everything you could ask for in modern design mobile gear is
provided in the “Comanche” . . . handsome styling, rugged
construction, top quality components . . . and, best of all, a
price you can afford. The “Comanche” is an 8-tube super-
heterodyne ham band receiver operating AM, CW and SSB
on the 80, 40, 20, 15 and 10 meter amateur bands. A 3 me
crystal lattice-type IF filter permits the receiver to use single
conversion without image interference, and at the same time
creates a steep sided 3 ke flat top IF bandpass characteristic
comparable to mechanical type filters. The neat, compact and
€asy-to-assemble circuitry features outstanding sensitivity,
stability and selectivity on all bands. Circuit includes an RF
stage, converter, 2 IF stages, 2 detectors, noise limiter, 2 audio
stages and a voltage regulator. Sensitivity is better than 1 micro-
volt on all bands and signal-to-noise ratio is better than 10 db
down at 1 microvolt input. One of the finest investments you
can make in mobile gear. Shpg. Wt. 19 Ibs,

MOBILE SPEAKER KIT

A matching companion speaker for the “Comanche” mobile
receiver. Housed in a rugged steel case with brackets provided
for easy installation on fire wall or under dashboard, etc. Uses
5 PM speaker with 8 ohm voice coil. Measures 5” H. x 5" W. x
215" D. Shpg. Wt. 4 Ibs.

HEATHKIT MP-1

5449%

MOBILE POWER SUPPLY KIT

This heavy duty transistor power supply furnishes all the
power required to operate both the MT-1 Transmitter
and MR-1 Receiver. It features two 2N442 transistors in
a 400 cycle switching circuit, supplying a full 120 watts
of DC power. Under intermittent operation it will de-
liver up to 150 watts. Kit contains everything required
for complete installation, including 127 of heavy battery
cable, tap-in studs for battery posts, power plug and.15’
of connecting cable. Chassis size is 905" L. x 434" W. x
2" H. Operates from 12-14 volt battery source. Circuit
convenience provided by self-contained relay which
allows push-to-1alk mobile operation. Shpg. Wt. 8 Ibs.

0.'............'..‘..Il...'.l'..'..l'......

HEATHKIT MT-1

3099

HEATHKIT --1
119%

HEATHKIT AK-7

HEATHKIT AK-6

$4%
MOBILE BASE MOUNT KIT
The AK-6 Base Mount is designed to hold both trans-
mitter and receiver conveniently at driver’s side. Uni-
versal mounting bracket has adjustable legs to fit most
automobiles. Shpg. Wt. 5 Ibs.

POWER METER KIT

This handy unit picks up energy
from your mobile antenna and in-
dicates when your transmitter js
tuned for maximum output. A
variable sensitivity control is pro-
vided. Features a strong magnet
on a swivel-mount for holding it
on a car dashboard or other suit-
able spot. Has its own antenna or
may be connected to existing an-
tenna. Sensitive 200 ua meter.
Shpg. Wt. 2 lbs.

HEATHKIT
PM-2

5128



HEATHKIT TX-1 $2 3 495

““APACHE" HAM TRANSMITTER KIT

The many features and modern styling of the“Apache” will provide you with just about everything you could
ask for in transmitting facilities. Emphasizing high quality the “Apache” operates with a 150 watt phone input
and 180 watt CW input. In addition to CW and phone opcration, built-in switch sclected circuitry provides
for single-sideband transmission using the SB-10 External adapter. The newly designed, compact and stable
VFO provides low drift frequency control necessary for SSB transmission. A slide rule type illuminated rotat-
ing VFO dial with full gear drive vernier tuning provides ample bandspread and precise frequency settings.
The bandswitch allows quick selection of the amatcur bands on 80, 40, 20, 15 and 10 meters. This unit also
has adjustable low-level speech clipping and a low distortion modulator stage employing two of the new
6CA7/EL34 tubes in push-pull class AB operation. Time scquence keying is provided for ““chirpless™ break-in
CW operation. The final amplifier is completely shielded for TVI protection and neutralized for greater
stability. A cooling fan is also provided. The formed one-piece cabinet with convenient access hatch provides
accessibility to tubes and crystal sockets. Die-cast aluminum knobs and control panel escutcheons add to the
attractive styling of the transmitter. Pi network output coupling matches antenna impedances between 50 and
72 ohms. A “spotting” push button enables the operator to “'zero beat” an incoming frequency without putting
the transmitter on the air. Equip your ham shack now for top transmitting enjoyment with this outstanding
unit. Shpg. Wt. 110 Ibs. Shipped motor freight unless otherwise specified.

HEATHKIT SB-10 SINGLE SIDEBAND ADAPTER KIT

$8995 Designed as a compatible plug-in adapter unit for the TX-1 “Apache’ transmitter, this unit lets
you operate on SSB at a minimum of cost, yet does not affect the normal AM and CW functions
of the transmitter. By making a few simple circiit modifications, the DX-100 and DX-100-B
transmitters can be used, utilizing all existing RF circuitry. Txtremely easy to operate and tunc,
the adapter employs the phasing method for generating a single-sideband signal, thus allowing
operation entirely on fundamental frequencies, The eritical andio phase shift network is supplied
completely preassembled and wired in a sealed plug-in unit. Produces cither a1 ISB, L.SB or DSB
signal, with or without carrier insertion. Covers 80, 40, 20, 15 and 10 meter bands. An casy-to-
read panel meter indicates power output to aid in tuning. A built-in electronic voice control with
anti-trip circuit is also provided. 10 watts PEP output. Unwanted sideband suppression is in
excess of 30 db and carrier suppression is in excess of 40 db. An EL84/6BQ5 tube is used for
linear RF output. Shpg. Wt. 12 1bs.
MODIFICATION KIT: Modifies DX-100 and DX-100-B for use with the SB-10 Adapter.
Model MK-1. Shpg. Wt. 1 1b. $8.95-

ressceccsessssssseecos sese

HEATHKIT AR-3
§90%
(less eabinet)

ALL-BAND RECEIVER KIT

A fine receiver for the beginning ham or short wave listener,

HEATHKIT QF-1

0%

designed for high circuit efficiency and easy construction.
Covers 550 ke to 30 mec in four bands clearly marked on a slide-
rule dial. Transformer operated power supply. Features in-
clude: bandswitch, bandspread tuning, phone-standby-CW
switch, phone jack, antenna trimmer, noise eliminator, RF
gain control and AF control. Shpg. Wt. 12 Ibs.

CABINET: Opt. extra. No. 91-15A. Shpg. Wt. 5 1bs. §4.95.

30

Q" MULTIPLIER KIT

Useful on crowded phone and CW bands, this kit adds selec-
tivity and signal rejection to your receiver. Use it with any AM
receiver having an IF frequency between 450 and 460 kc that is
not AC-DC type. Provides an effective “Q" of approximately
4,000 for extremely sharp “peak” or “null”. The QF-1 is
powered from the receiver with which it is used. Shpg. Wt. 3 Ibs,



OF DISTINCTIVE QUALITY

ACCESSORY
SPEAKER KIT

Handsomely designed and color
styled to match the “Mohawk?’?
receiver this heavy duty 8”7
speaker with 4.7 cunce magnet
provides excellent tone quality,
Housed in attractive " ply-
wood cabinet with perforated

metal grille. Speaker impe-
dance is8 ohms. Shpg. Wt. 7 Ibs, HEAT;&;% AR-5

| $974%
“MOHAWK'' HAM RECEIVER KIT FEATHIE Rt
Styled to match the “Apache” transmitter the “Mohawk™ ham band receiver provides all the functions re-
quired for clear, rock-steady reception. Desioned especially for ham band operation this 15-tube receiver
features (ouble conversion with IF’s at 1682 ke and 50 ke and covers all the amateur frequencies from 160
through 10 meters on 7 bands with an extra band calibrated to cover 6 and 2 meters using a converter. Spe-
cially designed for single sideband reception with crystal controlled oscillators for upper and lower sideband
selection. A completely preassembled wired and aligned front end coil bandswitch assembly assures case of
construction and top performance of the finished unit. Other features include 5 selectivity positions from 5 ke
to 500 CPS, bridge T-notch lilter for excellent heterodyne rejection, and a built-in 100 ke crystal calibrator.
The set provides a 10 db signal-to-noise ratio at less than 1 microvolt input. Fach ham band is separately
calibrated on a rotating slide rule dial to provide clear frequency settings with more than ample bandspread.
Front panel features S-meter., scparate RE, IF and AF gain controls, T-notch tuning, I'-notch depth, ANL,
AVC, BFO, Bandswitch tuning, antenna trimmer, calibrate set. calibrate on, CW-SSB-AM, receive-standby,
upper-lower sideband, sclectivity, phone jack and illuminated gear driven vernier slide rule tuning dial.
Attractively styled with die-cast aluminum control knobs and escutcheons. No external alignment equipment
is required for precise calibration of the “Mohawk™. All adjustments are casily accomplished using the unique
method described in the manual. An outstanding buy in a communications receiver., Shpg. Wt. 66 Ibs. Shipped
motor freight unless otherwise specilied.

73

HEATHKIT AM-2 BALUN COIL KIT
$]595 ] Match unbalanced coaxial
; lincs, found on most modern
transmitters, to balanced lines
of either 75 or 300 ohms im-

REFLECTED POWER METER KIT pedance with this handy

The AM-2 measures forward and reflected power or standing transmitter accessory. Cap-

wave ratio. Handles a peak power of well over 1 kilowatt of able of handling power input

energy and covers 160 through 6 meers, Input and output up to 200 watts, the B-1 may

impedance provided for 50 or 75 ohm lines. No external power be used with transmitters and

required for operation. Use it also to match impedances recewvers covering 80 through HEATHKIT B-1
between exciters or RF sources and grounded grid amplificrs, 10 meters. No adjustment re- $895
Shpg. Wt. 3 1bs, quired. Shpg. Wi + Ibs,

900000000000 0000000000 0040 --o-.o.n---ol--oc60000000000000000000.0.0‘.

VFO KIT

Far below the cost of crystals to
obtain the same frequency cov-
crage this variable frequency
oscillator covers 160, 80, 40, 20,
15 and 10 meters with three
basic oscillator frequencies. Pro-
viding better than 10 volt aver-
age RF output on fundamen-
tals, the VF-1 is capable of

HEATHKIT VF-1 driving the most modern trans-

HEATHKIT VX-1
$§239%

ELECTRONIC VOICE CONTROL KIT

Eliminate hand switching with this convenient kit. Switeh from
receiver to transmitter by merely talking into vour microphone,

Sensitivity contrals allow adjustment 1o all conditions. Power $ 50 mitters. Requires only 250 volrs
supply is built in and terminal strip on the rear of the chassis DCar 151020 ma, and 6.3 VAC
accommodates receiver and speaker connections and also a at0.45 a. HNuminated dial reads

117 volt antenna relay. Shpg. Wt 5 bs, i3 direct, Shpg, W, 7 Ibs.

31



ve | /2 or more...with Heathkits
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DX-100-B PHONE AND

CW TRANSMITTER KIT
A long standing favorite in the Heathkit line, the DX-100-B

combines modern styling and circuit ingenuity to bring you an
exceptionally fine transmitter at an ecconomical price. Panel
controls allow VFO or crystal control, phone or CW operation
on all amateur bands up to 30 me. The rugged one-picce
formed cabinet features a convenient top-access hatch for
changing crystals and making other adjustments. The chassis
is punched to accept sideband adapter modifications. Featured
are a built-in VFO, modulator, and power supply, complete
shielding to minimize TVI, and a pi network output coupling
to match impedances from 50 to 72 ohms. RF output is in excess
of 100 watts on phone and 120 watts on CW. Band coverage is
from 160 through 10 meters. For operating convenicnce single-
knob bandswitching and illuminated VFO dial on meter face
are provided. A pair of 6146 tubes in parallel are employed in
the output stage modulated by a pair of 1625’s. Shpg. Wt. 107
Ibs. Shipped motor freight unless otherwise specified.

HEATHKIT DX-40 564

DX-40 PHONE AND
CW TRANSMITTER KIT

An outstanding buy in its power class the DX-40 provides both
phone and CW operation on 80, 40, 20, 15 and 10 meters. A
single 6146 tube is used in the final amplifier stage to provide
full 75 watt plate power input on CW or controlled carrier
modulation peaks up to 60 watts for phone operation. Modu-
Jator and power supplies are built in and single-knob band-
switching is combined with the pi network output circuit for
complete operating convenicnce. Features a D’Arsonval move-
ment panel meter. A line filter and liberal shielding provides
for high stability and minimum TVI. Provision is made for
three crystals easily accessible through a “trap door™ in the
back of the cabinet. A 4-position switch selects any of the three
crystals or jack for external VFO. Power for the VFO is avail-
able on the rear apron of the chassis. Easy-to-follow step-by-step
instructions let assembly proceed smoothly from start to finish
even for an individual who has never built electronic equip-
ment before. Shpg. Wt. 25 Ibs.
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Free Send now for latest Heathkit Catalog
describing in detail over 100 easy-to-assemble
kits for the Hi-Fi fan, radio ham,
hoat owner and technician.
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} COMPANY BENTON HARBOR 9, MICH,
|
‘l pionesr in [Da subsidiary of Daystrom, Inc.
| do-it-yourself
! electronics Send latest Free Heathkit Catalog.
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G-E Two-Way
Dan Trueblood, W1ESB, of Goldsboro, N.C. is shown in-
stalling a customer’s new General Electric Transistorized ® ®
Progress Line mobile unit. A ham since 1935, Dan has been
an authorized General Electrie Service technician for two- o I e u lo
way radio for five years. He currently operates single side

band with a full kilowatt, when he’s not busy selling, in-
stalling and maintaining G-E two-way radio.

Thousands of new mobile radio systems are being installed every year—
for delivery services, salesmen, taxis, gas and electric utilities, industrial
and construction vehicles, and many other uses. All these systems require
service — service your unique background and knowledge can be easily
adapted to provide.

Servicing two-way radio can be a full-time vocation, or a profitable
sideline. Many highly successful General Electric mobile radio service
stations were founded by licensed radio amateurs, and many now utilize
the skills of hams such as yourself on a part-time basis as well as full-time.
Working in an authorized G-E Service Station is also an ideal way in
which to prepare for the second or first class Commercial Radio Operator’s
license, required for commercial mobile radio servicing.

G-E two-way radio equipment is designed and built with the serviceman

in mind. General Electric’s famous Progress Line, for example, features
interchangeable rack-mounted transmitter, receiver and power supply for
fast servicing. G.E.’s new line of transistorized portable and mobile equip-
ment offers even greater service advantages.
Find out how you can become an authorized G-E serviceman.
Write National Service Manager, General Electric Company, Com-
munication Products Dept., Section 30, Mountain View Road,
Lynchburg, Virginia.

Progress Is Our Most Important Prodvct

GENERAL @3 ELECTRIC



MS/AN CONNECTORS

Relied upon since 1939. Latest de=-
sign advancement is new “Stub E”
construction—shortest lightest “E,”

MINNE CONNECTORS

Complete new family of miniature
“E’s”"—altitude-moisture resistant.
Sizes 12 to 22—3 to 48 contacts.

RF CONNECTORS

All RF series available, including re-
markable Subminax. New Quick-Crimp
BNC'’s cut assembly time in half.

PRIN-CIR CONNECTORS

Receptacles, plugs and adapters with
super-reliable gold-plated contacts.
From 6 to 22 contacts. RACK & PANEL CONNECTORS
Seven families
available for every
R & P application.
Patented crimp
Poke-Home contacts

in 93 & 94 series.

COAXIAL CABLE

Most complete line anywhere of
RG-/U polyethylene and Teflon co-
axial cables. Miniatures also.

ALL STANDARD AMPHENOL
COMPONENTS STOCKED IN
DEPTH BY YOUR AUTHORIZED
AMPHENOL DISTRIBUTOR...

+ASK FOR YOUR COPY OF CATALOG IEC!

DISTRIBUTOR DIVISION

BROADVIEW, ILLINOIS




mobile transceiver

Another Collins creative design —the advanced
amateur’s 80-10 meter transceiver — system
engineered for mobile and home operation.

Superior single sideband performance in a variety of
installations is assured by the Collins KWM-2 Mobile
Transceiver. Engineered for the amateur who desires
an 80 through 10 meter mobile transceiver, the
KWM-2 design incorporates time-proven and advanced
communication conceplts.

The Mobile Transceiver provides outstanding fre-
quency stability on fourteen 200 k¢ bands from 3.4
mc to 30.0 mc. With 175 watts PEP input on SSB,
or 160 watts on CW, the KWM-2 provides ample
power for dependable amateur communication. Filter
type SSB generation, Collins permeability-tuned vari-
able oscillator, crystal-controlled HF double conver-
sion oscillator, VOX and anti-trip circuits, and ex-
clusive ALC and RF inverse feedback are among the
features of the KWM-2. The Collins Mechanical

Filter. RF amplifier, all tuned circuits, and severa
tubes perform the dual role of transmitting and re
ceiving. CW break-in and monitoring sidetone circuit:
are built-in, and all four plugs in the mobile moun
connect the KWM-2 automatically. A connector or
the rear provides for antenna selection or loading
coil selection for mobile operation.

The Collins KWM-2 Mobile Transceiver weighs 1t
Ibs. 3 oz. and measures 734” H (including legs)
14347 W, and 13%” D. Mounts, accessories, anc
power supplies are available for 12 v dc, and 115 v
ac operation.

See the KWM-2 now on display at your Collins Dis:
tributor. Ask for the colorful KWM-2 brochure witk

complete specifications.
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‘he S/Line is a complete station for the advanced
mateur. The 32S-1 Transmitter and 75S-1 Receiver
ray be operated separately or as a transceiver in
vhich the receiver controls the transmitter frequency.
"he 312B-4 Speaker Console integrates the two units
urther with over-all station control, and control of a
irectional wattmeter for maximum output efficiency.
‘or the amateur desiring the strongest signal, the
0S-1 Linear Amplifier provides maximum legal out-
wut with greatly simplified operation.

32S-1 Transmitter

[he 32S-1 is an SSB or CW transmitter with a nomi-
ial output of 100 watts on all amateur bands be-
ween 3.5 and 29.7 mc. Input power is 175 watts
EP on SSB or 160 watts on CW.

lhe transmitter covers 3.5 to 30 mc except for the
.0-6.5 mc range. Crystal sockets, crystals and band-
witch position are provided for ten 200 kc bands,
vith the standard amateur configuration equipped as
ollows: 3.4-3.6, 3.6-3.8, 3.8-4.0; 7.0-7.2.7.2-7.4; 14.0-
4.2, 14.2-14.4; 21.0-21.2, 21.2-21.4, 21.4-21.6. Crystal
ockets and bandswitch positions also are provided
or three 200 kc bands between 28 and 29.7 mc.
Jne of these sockets is equipped with a crystal for
8.5 to 28.7 mc. A fourteenth position, correspond-
ng to the WWYV position on the receiver, can be used

or an additional 200 k¢ band in the 9.5-15.0 mc
ange, if desired.
“eatures which have made Collins amateur SSB

:quipment famous are incorporated into the 32S-1,

755-1 Receiver

superiority in
1ng1e sideband systems

"TLIONIS,

including Mechanical Filter-type sideband genera-
tion; stable, permeability-tuned VFO; crystal-con-
trolled HF oscillator; RF inverse feedback for better
linearity; automatic load control for higher average
talk power and protection against flattopping.

For ac operation, the 516F-2 Power Supply is used
with the 32S-1; for 12 v dc operation, the 516E-1
used with the KWM-1 and KWM-2 may be used with
minor modification.

Specifications

EMISSION: SSB — upper or
keyed tone.

POWER INPUT: 175 watts PEP on SSB.
CW.
POWER oOUTPUT: 100 watts PEP nominal
lower on 10 meters) into 50 ohms.
OUTPUT IMPEDENCE: 50 ohms nominal with not more
than approximately 2 to 1 SWR. Impedance
match variable 25-100 ohms.

FREQUENCY STABILITY: After warm-up, over-all sta-
bility due to temperature, humidity, pressure and

lower sideband. CW—
160 watts on

(slightly

voltage variation is 100 cps. Calibration accu-
racy: | kc.
VISUAL DIAL ACCURACY: 200 cps on all bands.

ELECTRICAL DIAI

on all bands.

HARMONIC AND OTHER SPURIOUS RADIATION:

suppression —40 db. Unwanted

db. Oscillator  feed-through and/or mixer

products —50 db. Second harmonic —50 db.
3rd order distortion —30 db.

ACCURACY: After calibration: 300 cps

Carrier
sideband —50

312B-4 Speaker Console




312B-4 Speaker Console

The 312B-4 (pictured between 75S-1 and 32S-I
below) houses a speaker, and RF directional watt-
meter with 200 and 2000 watt scales. and switches
for various station control functions.

75S-1 Receiver

The 75S-1 provides SSB, CW and AM reception on
all amateur bands between 3.5 and 29.7 mec. It is
capable of coverage of the entire HF spectrum be-
tween 3.5 and 30 mc by selection of the appropriate
HF heterodyning crystals.

The standard amateur configuration includes crystal
sockets, crystals and bandswitch positions for: 3.4-
3.6, 3.6-3.8, 3.8-4.0; 7.0-7.2, 7.2-7.4; 14.0-14.2, 14.2-
14.4; 21.0-21.2, 21.2-21.4, 21.4-21.6. Crystal sockets
and bandswitch positions are also provided for three
200 kc bands between 28 and 29.7 mc, with one of the
sockets equipped with a crystal for 28.5 to 28.7 mc.
A crystal and bandswitch position is also provided
for 14.8-15.0 mc for reception of WWV and WWVH
for time and frequency calibration data.

The same standard of excellence and many of the
design features of the 75A-4 are incorporated in the
75S-1. These include dual conversion with a crystal-
controlled first heterodyning oscillator; bandpass first
IF; stable, permeability-tuned VFO; RF amplifier
designed to minimize cross modulation products;
Mechanical Filter; excellent AVC characteristics; and
both product and diode detector.

New features include the use of only 150 volts on
vacuum tube plates, use of silicon diodes in lieu of
conventional high vacuum rectifier; and choice of
three degrees of selectivity (with optional CW filter).

A power connector at the rear of the 75S-1 chassis
provides for disabling the internal ac power supply
so that the 12 v dc power supply for the KWM-2
may power the receiver as well as the transmitter.

Specifications

VISUAL DIAL ACCURACY: 200 cps on all bands.
ELECTRICAL DIAL ACCURACY: (after calibration)
cps on all bands.

300

325-1 Transmitter

SENSITIVITY: The CW sensitivity is better than 1 micro-
volt (with a 50-ohm dummy antenna) for a 15
db signal-plus-noise-to-noise ratio. .

SELECTIVITY: 2.1 k¢ Mechanical Filter for SSB; 0.5
kc Mechanical Filter (not suppliedy for CW;
4.0 k¢ IF transformer passband for AM.

SPURIOUS RESPONSE: Image rejection is more than 50
db. Internal spurious signals below | microvolt
equivalent antenna input.

30S-1 Linear Amplifier

The 30S-1 is a completely self-contained, single tube,
grounded grid linear amplifier. Requiring 70 to 100
watts driving power (from the 32S-1 or KWM-2,
for example), it provides the full legal power input
for SSB (1 kw average) or | kw input for CW. The
tube used is the Eimac 4CX1000A. The 30S-1 may be
used on any frequency between 3.4 and 30 mec.

The 30S-1 may be loaded into an antenna without
exceeding the legal dc input of 1 kw during tune-
up. Front panel switching makes two different power
levels immediately available for SSB operation: 100
watts from the exciter alone or the full 1 kw meter
average input for SSB. The air blower for the
4CX1000A operates quietly — barely audible in a
quiet room. The power supply for the 30S-1, which
is housed in the lower portion of the cabinet, pro-
vides cathode bias voltage, screen voltage and 3000
volts for the 4CX1000A plate. Space is provided in
this compartment for the 516F-2 Power Supply.

Extended Frequency Versions
of the S/Line

The 32S-1 and 75S-1 are available in extended fre-
quency versions, designated the 75S-2 and 32S-2.
The two differ from the original only in that an addi-
tional crystal board has been added beneath the
chassis. In this board is placed the standard comple-
ment of ham band crystals normally received with
the equipment. The upper board is left empty so
that the amateur may place whatever additional
crystals he may desire up to a total of 14. A front
panel switch is added to allow switching between the
two crystal boards.

30S-1 Linear Amplifier
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i102C-8 Directional Wattmeter— Mcasures for-
ard and reflected power on 200 and 2000 watt scales.
‘oupler unit mounts separate from indicator-con-
‘ol box. Power loss and mismatch introduced by the
istrument are negligible.

$1312-1 Directional Coupler — The coupler unit
rom the 302C-3 for amateurs who desire to utilize
n optional meter and switch for a customized fixed
wstallation or for a mobile installation.

}IS1E Table Mounts — For mounting the S/Line
nd KWM-2 on planes, boats, etc. May be fastened
o any flat surface. Front clamps attach to the feet
f the units for secure hold-down. 351E-1 for 32S-1,
58-1; 351E-2 for 312B-4, 516F-2; 351E-3 for 312B-3,
S1E-4 for KWM-2.

351D-2 Mobile Mount - Provides secure mount-
ng for KWM-2 in most automobiles. Cantilever
rms fold out of the way when KWM-2 is removed.
Aating plugs connect power, receive-transmit an-
enna, noise blanker, antenna and antenna control as
{WM-2 slides into place. Cables included.

112B-5 Speaker Consoleand External PTO-
Jsed with KWM-2 in fixed station operation to pro-

vide separate receiving and transmitting control, and
directional wattmeter.

399C-1 Speaker and External PTO-Contains
speaker and external PTO for separate receiver and
transmitter control of KWM-2.

136 Series Noise Blankers - Provide effective
reduction of impulse-type noise. particularly ignition
noise. 136A-1 for 75S-1: 136B-1 for KWM-1: 136B-2
for KWM-2: 136C-1 for 75A-4.

312B-3 Speaker - Contains a 5”7 x 7” speaker and
connecting cable. Attractively styled to match re-
ceiver and transmitter.

516F-2 AC Power Supply- Operates from 115 v
ac, 50-60 cps. Provides all voltages for the 32S-1.

516E-1 Power Supply - Operates from 12 v
dc. Provides all required voltages for the KWM-2 or
32S-1 and 75S-1 for mobile or portable operation.
Transistorized for maximum efficiency and minimum
maintenance. The 516E-2, a 28 v dc supply may also
be used.

For addresses of Collins dealers or further informa-
tion and complete specifications on the entire Collins
S/Line and accessories, write to: Amateur Sales,
Collins Radio Company, Cedar Rapids, lowa,

OLLINS RADIO COMPANY ° CEDAR RAPIDS, IOWA

. DALLAS, TEXAS . BURBANK,CALIFORNIA




RHEOSTATS—Insure permanently
smooth, close control. All-ceramic,
vitreous-enameled: 1214, 25, 50,
75, 100, 150, 225, 300, 500, 750,
and 1000-watt sizes.

OHMITE RELAYS—Four stock. mod-
els—DOS, DO, DOSY, and CRU,
in 65 different types, At 115 VAC
or 32 VDC, noninductive load,
Models DOS and DOSY have a
contact rating at 15 amp; Model
DO, 10 amp; Model CRU, 5 amp.
A wide ronge of coil operating
voltages is available.

TANTALUM CAPACITORS —Units

are available in three types: sub-
miniature, insulated, wire-type, in
eleven sizes. Three sizes of foil-
type. New slug-type tantalum ca-
pacitors. All feature high perform-
ance in minimum space and a
wide range of capaocitance and
voltage ratings.

Write for Stock Catalog

you build reliability into yo(lr product

OHMITE

INDUSTRY-PREFERRED COMPONENTS

POWER RESISTORS—Wire-wound,
vitreous-enameled resistors. Stock
sizes: 25, 50, 100, 160, 200 watts;
values 1 to 250,000 ohms. "Brown
Devil"" fixed resistors in. 5, 10,
and 20-watt sizes; values from 0.5
to 100,000 ohms. Adjustable pow-
er resistors; quickly adjustable to
the value needed. Adjustable lugs

can be attoched for muititap re-

sistors and voltage dividers. Sizes
10 to 200 watts, to 100,000 ohms.

R. F. CHOKES —Single-layer-
wound on low power factor cores

with moistureproof coating. Seven
stock sizes, 3 to 520 mc. Two units
rated 4600 ma; others, 1000 ma.

BE RIGHT WITH

OHMITE

TAP SWITCHES—Compact, high-
current rotary selectors for o-c
use, All-ceramic. Self-cleaning,
silver-to-silver contacts. Rated at
10, 15, 25, 50, and 100 amperes.

PRECISION RESISTORS—Four
types available: molded silicone-
ceramic, vacuum-impregnated, en-

' capsulated, or metal fiim. Toler-

ances to = 0.1% in Yo, %, %,
%, 1, and 2-walt sizes, from 0.1
to 2,000,000 ohﬂsf

VARIABLE TRANSFORMERS—Mod-
el V12, 1%, omp roting, output
voltage, 0-120v—0-132V; Model
Y714, 35 amp rating, output volt-

© age 0-120¥—0-140V; Model VT8,
" 7', amp rating, output voltage

0-120Y—0-140V. Input voltage all
models, 120V, 60 cycles. Thirty-five
stock models, cased and uncased.

OHMITE MANUFACTURING COMPANY
3608 Howard Street, Skokie, lilinois

,-When yo_u spiecify Ohmite compo-ﬁe‘nté";
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a4 if it weren’t for Amateur Radio 25 years
ago, there’'d be no Eimac tubes today...

‘enty-five years ago WOUF and WOCHE were unhappy with the way final amplifier tubes were performs-
z. They decided to do something about it. They founded a company, called their products Eimac tubes
d ran their first ad in QST, November, 1934.

hat has happened since is reviewed in part on these pages. At Eimac WO6UF and W6CHE, and 120 other
1ateur radio operators are on-the-air getting just as much of a thrill out of their hobby today as they did

:n and enjoying it much more.

150T “The only tube the low power man can
buy, yet still use effectively at higher power” was
the case for the first Eimac tube, the 150T triode,
in 1934. It was designed primarily for the amateur
and established Eimac tube characteristics for the
future —clean, hard vacuums, simplified design,
lower driving power, high mutual conductance
and superior overload capability.

450T Only two years later in 1936, the state-
ment could proudly be made that “practically
every major airline uses Eimac tubes.” The 450T
triode had captured the imagination and fulfilled
the critical desires of aviation and was first choice
in ground-to-air communications. It featured a
new type thoriated tungsten filament by Eimac
ending premature emission failures and guaran-
teed never to fail because of gas released inter-
nally. Later, in 1938, Eimac tubes went into TV
service at Station KTSL.

ax2500A3 FM and Eimac tubes were to-
gether from the start. By the time Major Arm-
strong had convinced the world that FM was a
great advancement in broadeasting, Eimac tubes
were in nearly every experimental FM broadcast
station in the nation. The first tubes used were the
internal anode triodes. In 1945 the external anode
triode 3X2500A3 was introduced and subsequently
used in the world’s most powerful FM transmitter
— 50,000 watts,

304T In 1940 the Eimac multi-unit triodes
made their debut to provide a high power, low
voltage tube with uncommonly low internal resist-
ance which would operate efficiently up to 200me.
In actual service the tubes operated with as much
as 20,000 volts on the plate —10 times the rated
voltage. The 304T, four triodes in one, was then
anld is now acclaimed as a top linear amplifier
tube,

VT 127 The Navy held its first sea radar tests
in 1939. Generating the power were Eimac 100T
triodes. Two years later when World War 11 started,
this equipment was the prototype of the first radar
to see action in the Pacific. Airborne radar with its
demands for smaller antenna meant higher fre-
quency operation. The Eimac 15E met all require-
ments and made possible 26,000 radar sets used
universally by the Navy. Said the Navy, “No other
single type of airborne electronic equipment con-
tributed as much.” Many of the renowned VT
40 series radar tubes were another Eimac contribu-

tion,




4-125A FAMILY

-
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4XiSoA

4-125A FAMILY (5 TUBES) In 1945 Eimac led in
power tetrode development with the introduction of the
4-125A as the first of its radial-beam family. These tubes
set the standard for the tetrode art and are known for their
low driving power requirements, low grid emission, low grid-
plate capacitances, minimized neutralization requirements
and dependable VHF performance.

a4ax150A Radial-beam power tetrode advantages in the
rugged, compact external anode package was introduced by
Eimac in 1946 with the 4X500A followed closely by the in-
comparable 4X150A. This unique approach enabled smaller,
high power, high frequency equipment and coaxial cavity
circuits. The Eimac 4X150A has since become the most
copied of transmitting tubes and father of the modern

4CX250B and 4CX300A.

AMPLIFIER KLYSTRON Despite its reputation in
leading tetrode development and manufacture, Eimac saw
the shortcomings of grid tubes for UHF, in 1948, and started
a development program in amplifier klystrons. The result —
Eimac external-cavity ceramic klystrons —the most exten-
sively used tubes in tropospheric communications. From the
initial Pole Vault system to White Alice and NATO, these
klystrons are unrivaled.

4CX300A, 4CX2508, 4CX1000A, 4CX5000A
Ceramic is replacing glass in the Eimac tube line-up. Over
40 tube types now have the advantages of the ceramic enve-

The dependable tubes of yesteryear have not been forgot-
ten. They are constantly improved. Most of the oldtimers
on review here are still available and many are replace-
ments for originals that have finally given in after years

and years of service.

EITEL-McCULLOUGH, INC.
San Carlos, California

lope, Its ability to withstand thermal and physical shock has
application benefits. Other extras are also built in, such as
smaller size without power sacrifice, high temperature and
precise tolerance processing.

X826 Super power, 1.25 megawatls of long-pulse power,
at UHF is now available with the Eimac X626. In Ballistic
Missile detection and tracking, or interplanetary DX, (this
tube holds the record to Venus and back — 56,000,000 miles),
the X626 is now an important part of our space age.

TWT Now, microwave in the form of ceramic traveling
wave tubes and reflex klystrons. Eimac is engaged in the
development and manufacture of new electron devices to
propagate the uncrowded spectrum at Super High Frequen-
cies and above.

X626

TWT
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HRO-60

Features widest

frequency cover-
age of any receiver ava|lahle 50 kc to 54 me . . . the
world’s most famous receiver.

National's newest

. = general coverage

receiver. Covers 540 kc to 31 mc in 7 bands. 18 tubes

(including rectifier) AM-CW-SSB. May be used in fixed
channel or diversity operation.

NC-303
National’s newest
“ham band only"”
receiver. 10 sepa-
- : rate dial scales
cover 160 to 1% meters. Dual conversion. New 5-
position “IF SHIFT" provides optimum selectivity for
a CW-PHONE-PHONE NET-VHF-Selectable SSB.

NC-109
One of America's
4y s lowest price SSB
& O{_gﬁ’ p@ receivers! Covers
540 ke to 40 mc. Nahonal s exclusive “MICROTOME"
filter provides 5 degrees of sharp selectivity for all
modes of operation. VOICE—CW—SSB.

NC-188
Low-priced general
coverage receiver.
Covers 540 kc to 40
me, and is directly
calibrated for the 4 general coverage ranges and five
bandspread ranges for 80-10 meter amateur bands.

NC-66

AC/DC-Battery Portable.
Covers 150 kc to 23 mc in 5
bands. Exclusive RDF-66

provides accurate navigation
¥ for small boats.

all-new, low-priced
shortwave /standard
broadcast receiver in over 10 years! Covers 540 kc to 31
mc in 4 bands. 110 volt AC/DC. Built-in speaker.

—

NATIONAL RECEIVERS AND ACCESSORIES ARE
SOLD ONLY BY FRANCHISED DISTRIBUTORS. MOST
OF THESE DISTRIBUTORS OFFER TRADE-IN AL-
LOWANCES AND LIBERAL BUDGET TERMS.

National rapio co:. INC.
MELROSE 76, MASS.
A wholly owned subsidiary of National Co., Inc.
Export: AD AURIEMA, INC. 85 Broad St., New York, N.Y,, U.S.A,
In Canada; CANADIAN MARCONI CO., 830 Bayview Ave., Toronto, Ont.
Specifications subject to change without notice.




MIL-SPEC KNOBS
Type KMS. Complete line of standard
plastic control knobs made in conformance
with MS-91528. Four basic types (with or
—A without skirts), three shaft sizes, gloss or
) matte finishes, or to your color specifica-
tions . . . in all Mil-Spec sizes.

UNIVERSAL CERAMIC COIL FORMS
For military and commercial applications.
Available in five standard sizes with or without
terminal collars. Terminal collars accept up to
four terminals per collar. All materials are in
accordance with applicable MIL-SPECS. Pre-
assembled forms to your prints quoted upon
request.

CHOKES

R-45 SERIES: Ferrite bead chokes for frequencies
from 5 to 200 mc. R-40 SERIES : Ferrite-core chokes,
extremely high Q for small size. Fungus-proof var-
nish impregnation per MIL-V137A. R-25 SERIES:
MIL-inductance chokes for high frequency circuits.
Inductance per MIL-C15305A, coil forms per
MIL-P-14, impregnation per MIL-V-173A. R-33,
R-50, R-60 SERIES: RF coils molded on phenolic
forms per MIL-P-14.

HR KNOBS
TYPE HRS: Molded Tenite knabs, grey, black or
to specifications. TYPE HRT: Large deLuxe knobs
designed for National's receivers, now available
by popular request. TYPE HRB: Band switching
knob or other applications where switch is turned
to several index positions. TYPE HRM : Small brass
knurled knobs. TYPE HRK: Fluted, large black
Bakelite knobs. TYPE HRP: Chip resistant black
Bakelite knob without pointer. TYPE HRP-P: Same
as HRP but with pointer.

“FLUSH MOUNT’”’ CAPTIVE NUTS

National Exclusive! Flush fit on both sides of
aluminum sheet provides permanent tapped holes.
Stainless steel 303 as per MIL-S-853A, passivated
finish as per MIL-P12011. Additional types to
meet MIL SPECS P-11268, E-5400, and E-16400.
Captive studs also available.

PHEC|SION RIGHT ANGLE, YERNIER DRIVES
TYPE PRAD: Right angle drive remote
operation of low torque units. TYPE RAD:
Right angle drive for ganging capacitors,
potentiometers or other parts in inacces-
sible locations. TYPE AN: Vernier mech-
anism for use with any 3/16" National
knobs and others. TYPE AVD: Vernier
mechanism similar to type AN except
that the output shaft is non-insulated.

Many National Radio Co. components are made to specifications . . .

SOCKETS, CAPS, TERMINALS
TYPE CIR: Tube sockets of grade L-4 ceramic
materials (JAN-1-10 spec.) in four models.
TYPE CS: Crystal mounting sockets for crystal
holders (JAN-1-10 spec.).
TYPES XM-10, XM-50 : Heavy-duty, metal shell
sockets for four-pin tubes. TYPES XLA-7:
Low-loss socket for 6F4 and 950 series acorn
tubes. TYPES SPP-3, SPP-9: Plate caps of
grade L-4 steatite (JAN-1-10 spec.) with silver &

or tin plated beryllium copper grips. TYPES [§ ™

GG-8, 12, 24: Grid grips made in two types, |4
three sizes, variety of materials.. . . clip grip, or
loop grip . . . other specifications also.
TERMINAL/ASSEMBLIES: TYPE FWC: Insu-
lators molded of mica-filled Bakelite. TYPE
FWE: Nickel plated brass jacks. TYPE FWA:
Nickel plated brass binding posts. TYPE FWT:
Plugs for stacking. TYPES FWH, FWJ: Ter-
minal assemblies.

Specifications subject to change without notice.

For your SPECIAL design or development applications problems, write or call:

I RADIO co INc Melrose 76. Mass, NOrmandie 5-4800 A wholly owned subsidiary of National Co., Inc.

xport: AD AURIEM IN ., 85 Broad St., New York, N. Y., U.S.A. In Canada: CANADIAN MARCONI CO., 830 Bayview Ave., Toronto ,Ont.
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PRESENTS 1960’s
TOP PRODUCTS IN

QUALITY AND PERFORMANCE
Grounded Grid Linear Amplifier

New! Advanced design amplifier incorporating every ele-
ment needed for Ilnnl&!v!' wof, reliable la[ll']':l[il!]?. This
smartly-styvled full Fildowall package of power takes up no
more table space than a receiver. Can be driven by com-
mercial and home-built exciters in the 100-watt output
class, Includes RF. section complete with tubes, blower,
filament and hins .-'llj)pl.\' and up[iun;zl iJl!»llI m:atehing unit.,
Pi-network output circuit for precise tuning and loading
on 80-40-20-15-10 meters.

POWER SUPPLY UNIT LPS-1 — Designed as com-
panion to the LPA-I for side-byv-side installation or remote
location, Switching panel removable for remote control,
Full wave single-phase bridge rectifier with four Type 816
mercury vapor tubes included. RF. filtering. Heavy-duty
transformer core stacks and superior high-voltage insula-
tion for reliable, continuous operation at T IXW.
MATCHING UNITS MODEL LPA-MU & MODEL
LPA-NLU-2 Compact, pretuned bandswitching assem-
bly for matehing fixed-output tyvpe exciters to B&W ampli-
fier, insures maximum input drive on all bands. Model
LPA-MU is designed for the LPA-T and is installed so that
input matching to the final is accomplished automatically
when amplifier is bandswitched. Model LPA-MU-2 is
<similar, but is designed for previous B&W amplifiers
Models L-1000-A and 1.-1001-A. Assembled, ready for
installation with instructions and fittings,

Medium Powered Transmitter 5100-B

Completely  self-contained including power supplyv and
\ I'H Bandswitching on the 80-40-20-15-10 meter hands.
5100-8 Peak envelope power 180 watts CW-SSB: 145 watts AN
l.\u [ent ‘~>H when used with the 51SB-B described be-
low. Stable VFO accurately calibrated for all amateur
bands including 10 meters. Bias system provides complete
cutoff under kev-up conditions. Excellent TVI suppres-
<ion. Pi-network output. The 5100-B makes a superlatively
well regulated driver for a grounded grid class “B?” linear,
with output to spare.

Single Sideband Generator 51SB

xeellent S8SB with vour present transmitter. Provides
push-to-talk, speaker deactivating cireuit, TVI suppres-
<ion. Clomplete bandswitehing on 80-40-20-15-10 meters,
Utilizes frequency control method of your present rig. R-F
portion has 90° phase shift network, double balanced mod-
ulator, and two elass “A" R.F. voltage amplifiers. All
operating controls on the front panel. Input impedance
50 ohms resistive; input voltage 1.5-2.0 RMS on all bands,
MODEL 518B-B — For use with B&W 5100-B from which
51SB it derives all operating power.

BARKER & WILLIAMSON, INC.

Bristol, Pennsylvania




medium powered filament choke

pi-network inductor

1-Kw Pi-Network Assembly T-R Switch 380-B

Pi-Network Inductor Assemblies

Pi-network inductors for
nywl';;linl; 80 through 10
in Class “C” or hnem
tetrodes in conventional
Ample current-carryving
over entire (Y[I{‘I'IiTi[lE

bandswitehed
<ingle or parallel tube
meters. Give top efficiency
operation using triodes or
and grounded grid eircuits.
capacity and optimum “Q"

Integral

range. Model 850A Conservatively rated at 1
KW on CW-SSB and AN with 1009, modulation.
Max, voltage: 4000 VDC on CW-SS3B: 2500-3000
O AM \\'if|1 100, modulation. Wodel 851 Me-

dium powered with rating of 250 watts on AN
phone and 500 watts on CW-SSB. Max. voltage:
2000 VDC on CW-SSB; 1250 VDC on AN phone.

Grid Dip Meter

A\ highly

LIse 1] as

acceurate, sensitive instrument. ,\]:l}’ bhe
a grid-dip oscillator, signal gencrator, or
:||).\'l>|'|>|i'|l| wavemeter. Five color-coded [lll]t&ilt colls
cover 1.75 to 260 me. Color-coded dial l':|<i’..\' read.
Operates from 110 VAC, Easy to use in hard-to-get-
at places. Model 600.

T-R Switches

Fully automatic electronic antenna switching from
transmitter to receiver and viee versa. ldeal for
[ast break-in operation on SSB-AM-CW-DsB. Fail-
safe design eliminates risk of transmitter damage if
switeh is not energized. Mateh 52-75 ohm coax lines,
Vodel 381 handles full legal power with wide safety
margin. Selectable bandswitehing, 80 through 10
meters, for high signal-to-noise ratio and minimum
intermodulation effect from local broadeast and
TVI. For commercial :HI!I“!'.‘I'iHII‘, Model 381
handles up to 5 KW SSB and W under SWER
conditions not exceeding 1.5 to 1 using 72 ohm coax

T-R Switch 381

Model 650 and 651
Matchmaster

Multi-Position

Grid Dip Meter Coax Switches

higher power with 52 ohm line. Maodel
WSO-13 15 designed for medium power appliciations,
Flas broadband ('ilvHil!) \‘."rh‘i: f—“r:illn;xfl'\ I|1||i[:g
and adjustment. -

Multi-Position Coax Switches

FFor 75 or
. o \I'I‘l'\\in;l ol

I 1
e, and

52 ohm line, Instantly switches coax lines
: UNSCrewIng  coax
Handles up to 1 KW modulated power, Max.
talk —45dh it 30 me. Model 550A 5-position switch.,
Model 551A 2-pole, 2-position switeh.

Low Pass Filter

For Transmitters to 1INW.
tion throughout TV bands. Uses exclusive B&W
patented w: n(»-;_fun: design in novel multi-seetional
construetion l\llx;_' greater atte l\l] ition in less space
at lower Model 425 for 52 ohms impedance,
Model 126 for 75 ohms,

Matchmaster

Self-contamed in 6”7 x 87 x 8 steel cabinet.
as dummy load for transmitter tests. SWR measure-
ments throughout range of 500 ke to 30 me. Direct-

wding RF. watt meter up to 125 watts, higher
powers by sampling. Integral SWIR bridge for match-
ing antennas and other loads to transmitter. Model
650 for Model 651 for 75 ohms.

R. F. Filament Chokes

Used  with  standard  filament  transformers  in
grounded grid amplifier circuitry. Broadband design
requires no tuning 80 through 10 meters, Packaged
in steel case with mounting brackets., Vodel [F(-1.5

For one or two tubes requiring not more than 15
amps fl. current. Model FC-30 IFor one or two
tubes of up to 30 amps fil. current.

connectors,

Cross-

Minimum 85 db attenua-

cost,

Serves

52 ohm line,

BARKER & WII.I.IAMSON, INC.

Bristol, Pennsylvania




GPR-90

GPR-90RX

GSB

SBT-1KA

CON ... The Model CON Operating Console is an unusual
“add a unit’’ type enclosure used in Point to Point, Air-
Ground, Airport Control Tower, Mobile and Shipboard instal-
lations where maximum operating efficiency and equipment
flexibility is required. The units are made up of standard 19
assemblies which can be used to form straight line, “'L**, **U"’
and many other arrangements.................._....._ Bulletin 211

GPR-90 (R-825/URR)...a general purpose communica-
tions receiver of the double conversion superheterodyne type
covering the frequency range of .51 to 31 mcs. Stable—selec-
tive—accurate—built-in crystal calibrator...... Bulletin 179

GPR-90RX (R-840/URR) . .. Provides the same high quality
characteristics of the GPR-20 but also permits the use of 10
precisely adjustable crystal positions available from the front
panel plus a rear deck input for an exiernal high stability
control oscillator or synthesizer...................... Bulletin 205

GSB . . . Single Sideband Adapter of the filter slicer type per-
mitting accurate and simple tuning of SSB, AM, CW and
MCW. Filter provides additional selectivity and pass-band
tuning. Upper and lower sidebands are selected by a flip of
€1 BWHIEN. - coinanescosnsaisar s ine s oem e s oms damsanan s Bulletin 194

SBT-1K ( ) ... Single Sideband Transmitter is a conserva-
tively rated general purpose transmitter providing at least
1 KW PEP from 2—32 mcs.—SSB—ISB—DSB—CW —-MCW—FS.
Rugged, compact, serviceable, completely bandswitched—
ideally suited for mobile, marine, fixed station operations.
Four models available.................. ... Bulletin 237

GPT-750 ( ) 2 (AN/URT-17A)...is a fully bandswitched,
continuously tunable (2-32MC) radio transmitter. The building
block concept makes this transmitter versatile, easy to install,
operate and maintain, Four models available. SSB, ISB, DSB,
AM, CW, MCW, FAX, FS. The GPT-750 ( )2 is ideally
suited for fixed station, mobile and shipboard operation.
Bulletin 227

GPT-750D

SSB - DSB



« ISB - CW - MCW - AM

VOX (0-330/FR)...a direct reading, high stability, Vari-
able Frequency Oscillator providing continuously variable

output over the frequency range of 2—64 mcs.
Bulletin 134A

XFL-2 | The TMC Frequency Shift Exciter System, Model
XFL-2 is combined low and high frequency shift system. The
system combines the TMC Low Frequency Adapter, Model LFA
with TMC Frequency Shift Exciter, Model XFK to provide vers-
atile operation over a wide range of frequencies—1 to 6.9
mis. and 50 to 500 Kcs....c-sccioncmienmmmmsinsnnes Bulletin 154

SBT-350 { ) ... Compact, rugged Radio Transmitter cap-
able of at least 350 watts PEP from 2—32 mcs. SSB—ISB—DSB
CW—MCW—FS low level AM—completely bandswitched—
five models available.................. S Bulletin 220

PTE-1 | Single Sideband Analyzer designed for the speci-
fic purpose of tuning and aligning single sideband exciters
and transmitters permitting a visual analysis of intermodula-
tion distortion products, hum and noise The PTE-1 consists of
3 basic TMC units: Spectrum Analyzer Model FSA (AN/URM-
116); A VFO TMC Model YOX (0-330/FR) and a Two-tone
Generator TMC Model TTG (C-579/URT).......... Bulletin 231

GPT-10K (AN/FRT-39) ... is a conservatively rated general
purpose radio transmitter capable of at least 10 KW PEP out-
put from 4-28 mcs. All power amplifier stages are linear and
the final incorporates a ceramic tube for greater efficiency
and reliability. All components housed within a single attrac-
tive enclosure including sideband exciter—VFO, spectrum
analyzer, F.S. Exciter and complete ‘‘on the air’’’ testing
CIrCUItTY . oo e Bulletin 207B

The TECHNICAL MATERIEL CORP.

MAMARONECK, NEW YORK

GPT-10K

XFL-2

SBT-350B

PTE-1




electron

HELPFUL CHARTS & LITERATURE FREE: Write for CONDENSED

TUBE CATALOG, inf tion at a gl , rapid tube data refer-
Ence tal?lesf, 2Gm :;Arg';%m:f comiqz%:% tin'f::rm:tion an;jangetd COMMUNICATION
or quick reference. ress your distributor or Amperex direct.
INDUSTRIAL
RECTIFICATION

SPECIAL PURPOSE
RADIATION DETECTION

AMATEUR
ELECTRO-MEDICAL

SEMICONDUCTORS

DX151
6757

S80I RBONEDNBERNDS
o
~

S0P BRBBIRLOBNILNDS S0P BBBLBBIIIBERNOLDS

1N479

<
=

=
o >
= @
™~ Ty
PR RSB N RN NN LR B I B N LI I B A B B B B N
o (=2
@ ]
™ @
| o <

[ N N R N N N NN NN

BEB A0 0000800000 82CR PR RRERRCIAERROIRAIBRROIOROIRINCOROGETREES

v

6BAS5/EL84

(E R R R R s s ey e R R E R R R R R N NN N RN R RN R R R R AR A R R R AR LR

I R R R R R N N N N R R R R R R R EE R R R N RN R N RN A R R A N RN RN

R E R R RN E R A N R NN

Amperex



Type No. Price
BEAM POWER TUBES

6159 . ...... 5.00
PE06/40N . .. 5.95

DIODE, CLIPPER
6339 ...... $44.50

COUNTERS, GEIGER

78N . e v 00w $16.50
75NB3 ..... 1650
80N ....... 4500
85NB3 ..... 22.70

S0NB4 . .... 27.00
100C « o in 54.00
100CB .... 58.00
100HB ..... 54.00
100N . ..... 43.50
100NB .. ... 45.50
120C i o nv s 90.00
120CB o an = » 95.00
120N ¢ = s v & 90.00
120NB .+« 9500
150N . ... - . 61.00
150NB .. ... 66.00
153C ..... 91.00
160G . ... .. 66.00
170G o s 00 = » 110.00
180G « « ==+ 50.00
200C < o o 0o . 67.00
200CB...... 71.00
200HB ..... 67.00
200N . ..... 56.00
200NB > e 58.50

240C 4w v oo 43.00
240N ...... 41.00
912NB ... 53.00
18503 « v o o v s 28.00
18508 . . . . .. 127.00
18509-01 . ... 2240
18510 ¢ 5 & 5« » 127.00
18515 .« o o e - 186.50
18516 ¢ < o o - 206.25
18517 . . . . . . 373.00
18518 . . . - - . 412.50
CONDENSERS, VACUUM
VC25/20 . ... $22.00
vC25/32 . ... 25.25
VC50/20 . ... 26.25
VC50/32 . ... 29.50
VC100/20 . . . . 32.00
VC100/32 . . .. 35.00
VC250/32 . . . . 75.00

COUNTER, DECADE
6370/EIT . . . . $16.50
DIODE, DAMPER
#6R3/EY81 ... $2.80
TWIN DIODE,
“PREMIUM QUALITY"
#5726/E91AA . . .$2.10
DIODE, VIVM
6923/EA52 . . . $13.00

IGNITRONS

i5551A/652 . . . $65.00
15552A/651 . . . 99.00
15553B/655. . . 245.00
5555/653B . . . 316.00
15822A ... .. 116.00

TUNING INDICATORS

#1M3/DM70 . . . $1.95
#6BR5/EM80 .. 245
#6CD7/EM34 . . 3.65
#6DA5/EM81 .. 245
*6FG6/EMB4 . . 295

#DM71 . . . ... 2.00

KLYSTRONS
DXI22: o a0 v 0w v o« ¥*
DX123 ¢ o v 20 e« **
PDX124 ¢ o 65 ¢ 0 « & ne

DX151 o v o s o s o o **

KLYSTRON, REFLEX
2K25 ...+« $39.50

Type No. Price
MAGNETRONS
242 4 viewm $160.00
2J48B o o 4 4w o 250.00
4J47 . . .. .. 500.00
4I57 i v o v n s 270.00
4)58 . . « =« 270.00
4)59 . ..... 270.00
5586 + + + « .« . 417.00
85657 + o > v« A17.00
5780A .. ... hiog
6589 . . s
6972 . . . . .. 325.00
PENTODES
#6AUG . $ 2.10
828 . ... ... 27.50
6083/AX9909 . . 14.25
EFP60 « « v o s s 8.75

PENTODE, DUO-DIODE
#6DC8/EBF89 . . $3.25

PENTODE, FRAME GRID
EBAT ... van . $18.21

PENTODES, HI-FI
#6BQ5/EL84 . . . $2.35
#6CA7/EL34 . . . 6.20
#6CW5/EL86. . . 3.50
#8BQ5/XL84 . . . 2.60
#6267/EF86 . .. 275
#7189 . .. ... 3.60
TRIODE-PENTODES, HI-FI
#6BM8/ECL82 . . $3.00
#50BM8/UCL82 . "3.00

PENTODES,
“PREMIUM QUALITY”

5654/E95F . . . . $3.20
6084/E80F . . .. 3.75
6227/E80L . . . . 3.75
6686/E81L . . .. 5.00
6688/E180F . .. 8.00
6689/E83F .o

E99F I e

TRIODE-PENTODES
6U8 . . $3.30
#GBLBIECFBO .. 3.80
TRIODE-PENTODE
“PREMIUM QUALITY"
ESOCF . ....... *s

PENTODES,

SUBMINIATURE

6007/5913 . . . . $1.50
6008/5911 . ... 1.50

RECTIFIERS
#1S2A/DY87 . . . $2.75
#5AR4/GZ34 . . . 4.20
#5R4G-Y . .. .. 1.90
#6CA4/EZ81 . . . 2.10
#6V4/EZ80. . . . 1.50

575A <+ 4+ o o« . 2215
673 .+ e 00 ... 2215

BO20AX . ... .. 15.00
RECTIFIERS, MERCURY
8578, . o o . $235.00
866AX . .. .. 2.65
869B . . . 150.00
869BL . . 150.00
872AX . . 9.90
6508 . . . . 80.00
6693 ...... 2500
7136 < o vow s 25.00
8008AX .... 9.0
RECTIFIERS, XENON
B8BO8 . .0 $ 7.60
4B32 . . v .. 13.50
VOLTAGE REFERENCE
TUBES

OE3/85A1 ... . $250
0G3/85A2 . ... 2.50
VOLTAGE
REFERENCE TUBE
“PREMIUM QUALITY”
5651 voviv o« wiwis $2.50

Type No. Price

VOLTAGE REGULATORS
OA2 . ...... %175

OBZ .y .wa. . 190
90CT . awsw 2.50
6354/150B2 . . . 3.00
TETRODES
4-125A . . . . $ 36.00
4-250A . . . . 46.50
4-400A . . ... 5500
4CX250B . . 45.00
4X150A . ... 3895
4X150D . . 38.95
4X250B .. .. 4250
4X250F . ... 4250
4X500A . ... 121.00

6075/AX9907 . 250.00
6076/AX9%07R. 305.00
g?gg/AXQQOB . 60.00

813 .. 00 $22.65
)

8298 ... $18.90

832

5894/AX9903 . . 25.00
6282/AX9910 . . 25.00
69 .

THYRATRONS
2021 ......$ 205
3623 . 5. eea 11.98
5560/FG95 . .. 33.00
5632/C3J . ... 1550
5684/C3JA ... 19.80
5685/C6JA ... 29.30

5727/E91IN . .. 2.70
5949/1907 . ..  **
AX260...... 150.00

THYRATRONS, HYDROGEN
§6268/AX9911 . . $32.50
§6279/AX9912 .. 45.00

THYRATRONS, MERCURY

5557/FG17/
967/1701 . . $ 9.50
5559 2

5869/AGR9950 25.00
5870/AGR9951. 100.00
6786 . . . . . 200.00
AX105/FG105 . 53.33

THYRATRONS, XENON
2050 .....s$ 185

5544 ...... 3841
5545 ...... 2930
TRIODES
#6Q4/EC80 . . . $ 6.00
#B6R4/EC81 . . . 2.50
450TH. . . . .. 77.00
450TL . . . ... 77.00
501R/5759 . . . 225.00
502/5760 . . . . 210.00
502R/5761 . . . 235.00
504R . ..... 245.00
B0S: . .:c6 46 20.00
BlO ... ¢ eus 25.55
8l11A ...... 6.50
B812A . 6.50
833A . 47.90
834 e+ e e 19.30
B3B o 2 o s oo 20.00
845 ..o 20.85
849 . ... 185.00
849A .. ... . 185.00
880 .......56500
889A . ..... 221.00
889RA .. ... 347.00
BIL .a e s oain 275.00
891R...... 430.00

Type No. Price
TRIODES (Con't)
5771/356 .. . . $600.0(C
5866/AX9300 . 20.0C
5867/AX9901 . 30.0C
5868/AX9902 . 55.0C
5923/AX9904 . 165.0(
5924/AX9904R 231.0C
..... 275.0(C

6077/AX9906 « 1675.0C
2%73/AX9906R 1900.0(¢

" e e e

505.0¢
150.0(
210.0¢
125.0(
230.0¢
g

DX144/EC56 .
DX145/ EC57 .
F200 . . «  49.5(

R

HF201A/468 34.5(
HF300 . .« 4 & 40.5¢
753200 . . . . 390.00
TRIODES, FRAME GRID
#2ER5 . ....$ 2.9

#3ER5 ..... 29
#4ER5 . . ... 2.9(
ZBERS/ECO5 . . 2.9(

..... . 18.2]

TRIODE, INDICATOR
“PREMIUM QUALITY”
6977/DM160 . . . $3.5(

TWIN TRIODES
#4ES8/XCC189 . $4.5¢
#6AQ8/ECC85 . . 2.6(
#6DJ8/ECC88 . . 4.5¢
#6ES8/ECC189 . 4.5¢
#6J6/ECCI1 . . . 2.8
#9AQ8/PCC85 . . 3.1

#12AT7/ECC81 . 3.0¢
#12AU7/ECC82 . 2.4
#12AX7/ECC83 . 2.5(
#17EW8/HCC85 . 2.6(
5920/E90CC PQ . 2.4(

GDCB,?/EBOCC PQ . 3.7¢

6201 PQ . es 3.2t
6211 PQ ..... 2.4(¢
6360 . ... b

6463 PQ . . . 2.9¢

6922/E88CC PQ . 4.7
7062/E180CC PQ 2.4(
7119/E182CC PQ 4.1¢
7316 . ¢ e s s+ 2.0(
E92CC ...... 2.4

TRIODE, GLOW DISCHARGI
5823/Z900T . . . $2.5(

TRIGGER TUBES,
COLD CATHODE

Z50T vov o v oo e $2.2(
Z70U .« v v .y oo 19
Z300T ...... 4.9
ZBOAU ...... 4.3(
HEPTODE, DUAL CONTROL

“PREMIUM QUALITY”
6687/E91H . . . . $1.4!

BEAM DEFLECTION TUBI
“PREMIUM QUALITY”
6218/E80T . . . $15.0(

ask Amperex

about electronic tubes
and semiconductors for
every industrial and com-
munications applications.
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THE STANDARD OF QUALITY i&

BG7 SERIES BH9 SERIES BX SERIES BG9 SERIES

QUARTZ CRY ST A L S

f Brreey

v
SC0 -0

[ 1

BTC-2 SERIES TCO-11 sERIES TCO-141 SERIES

{

OVENS

o

BFN-28A

CRYSTAL FILTERS

CCO-7 SERIES

PACKAGED OSCILLATORS

SET OF
THREE MATCHED
DELAY LINES

DOUBLE ENDED RINGING LINE

ULTRASONIC DELAY LINES

BLILEY ELECTRIC CO. union stamion Buitbing ERIE, PENNSYLVANIA
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1960’s Biggest Value
MSB-1

MOBILE
SIDEBAND
COMMUNICATOR
TRANSCEIVER

MSB-1.. .far advanced in design. ..
priced for fullest value!

Compact...mounts readily under dash
complements any modern car. Its attractive
gunmetal housing with black and satin
aluminum panel shows equally to advantage
on any well-appointed operating desk.

Highly stable...non-critical with single
knob VFO tuning both transmitter and

receiver...with quartz crystal filter to

eliminate unwanted sideband.

Every desirable modern feature. ..

125 watts P.E.P. input. . .upper and lower side-
band and CW . .  all band operation, 10 through
80 meters. . . high stability VFO...VOX .. . push-
to-talk provisions. Receiver

sensitivity better than 1 microvolt. . .9 mc
band-pass crystal filter for excellent

transmitting and receiving selectivity . . . 100 ke
crystal calibrator unit available as an acces-

sory. . .12V DC power supply is transistorized. ..
AC supply also available. MSB-1 is only

5"H, 12"W and 12”D, weighs but fifteen

pounds less power supply.

See MSB-1 at your Gonset distributor.

S S e AR s T 4 P e O B et s BN s ey
GUNEET G O N S ET Division of Young Spring & Wire Corporation

BOY{ SOUTH MAIN ST, .BURBANK »ALIFORNCA

EXPORT SALES: WESTREX CORP.. !11 EIGHTH AVE', NEW YORK 11 N Y.



Belden rRadio and Electronic

Service Rated—Quality Controlled
in Easy-to-Use Packages!

ﬁam Transmission Linesl

RG/U Type

8238 Type RG-11/U

;@ﬁ:" Belden 72-ohm RG/U Cables are designed for

8241 Type RG-59/U

lowest losses, longer service life, and maximum
dependability. Cables are essentially flat with
no peaks in attenuation to reduce signal on
either high or low frequencies.

8210

Jam Transmission I.inesl

82
300 Ohm==—1 KW (RF) Rated

E—‘g trol prevents standing waves and mismatches.

Parallel Type

Belden transmission line cables are made with
brown virgin polyethylene for best weather
resistance and lowest losses. Uniform quality con-

72 Ohm—1 KW (RF) Rated

Shielded Power
Supply Cable

Provide dependable service as power supply
cords, interconnecting cables on electronic
equipment, remote control circuits, special
press-to-talk microphone circuits, and other
ham applications. Designed for long service
life with excellent mechanical and electrical
characteristics, and uniform quality. Special
jacket offers maximum resistance to abrasion

and ozone,

One Wire Source for Everything

Electronic and Electrical




Wire for Every Ham Application

/ High Voltage Lead \

New, improved lead offers smaller diameter

and greater flexibility and voltage .150” OD,
25,000 V¥ working voltage and 50,000 V break-
down.

Antenna Rotor Cablex

Sturdy, flexible, plastic insulated cable for all Ham
antenna rotor applications. Cables are color
coded for easier hook-up. Chrome, vinyl plastic
jacket resists sun and aging.

Workbench Hook-Up
Wire Dispenser Kits

Solve the problems of waste and incon-
venience for all users of Hook-Up Wire.
Available in 14 most popular assort-
ments of Vinyl, Vinyl-Nylon, Textile, and
Teflon™ insulated wire. Rack conven-
iently mounts on workbench or wall at

user's finger tips.

*DuPont Trademark.

|

WIREMAKER FOR INDUSTRY
Magnet Wire ® Lead Wire ® Power SINCE 1902
Supply Cords ® Cord Sets and Portable CHICAGO
Cord ® Aircraft Wires # Electrical House-
hold Cords ® Electronic Wires ® Welding
Cable *® Avutomotive Wire and Cable 8-4-9




IT"S HAMMARLUND...
for SSB ¢ rts very best!

the the
ALL-NEW HQ-180 ' PROVED CHAMPION

for general of amateur band
coverage receivers—HQ-170

c. < g -
g

An advanced design 18-tube super- No amateur receiver has ever gained
heterodyne receiver with full dial cov- as fine a reputation as the HQ-170. A
erage from 540 KCS to 30.0 MCS. 17-tube superheterodyne receiver tun-
Bandspread on all amateur bands within ing the 6, 10, 15, 20, 40, 80 and 160
frequency range of receiver. meter amateur bands.

$429.00 (optional clock-timer, $10.00) $359.00 (optional clock-timer, $10.00)

Hammarlund shows the way to new standards of performance in SSB with the
HQ-170 and HQ-180 receivers. These receivers incorporate the Hammarlund slot
filter that allows attenuation up to 60 db for razor-sharp tuning, selectable sideband,
selectable 1F amplifier tuning, separate product detector, BFO control, crystal cali-
brator, selectable rates of AVC and other advanced features. Pick the one that suits
you best. You can’t buy better, or be more satisfied than with a Hammarlund SSB
receiver ...they're tops!

RAMNMAR LUK

MANUFACTURING COMPANY, INC,
460 West 34th Street, New York 1, N.Y.

Established 1910

In Canada: White Radio, Ltd., 41 West Ave., N. Hamilton, Ont.




ARRL
PUBLICATIONS

. Iorehouses
of

nformation
or:

Novices

Old Timers

Students

Engineers
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for the
ctive Amateur




the

BESTSELL R [isT
RADIO AMATEUR /

{dee)) |4 @
A RADIO
AMATEUR

361 £prTION © 1959

The radio

amateurs
handbook

"

SINGLE
sSIbEBAND D

LEARNING

THE

CODE

ARRL WORLD MAP

Printed in eight colors on heavy map paper
with 267 countries clearly outlined. Continental
boundaries, time ‘zones, amateur prefixes,

plainly marked. Size: 30 x 40 inches. $2.00.

LIGHTNING
CALCULATORS S
Quick and accurate answers with ARRL Light-
ning Calculators! Type A for problems involving
frequency inductance, capacity. Type B for re-

sistance, voltage, current and power. $1.25

-QQCh_-- e



% QST Although primarily a ham magazine, QST is found on the desks of engineers, technicians
and just about everyone in the electronics field. There is something for everyone in QST, from
the Novice to the Old Timer. QST and ARRL membership $5.00 in U.S.A, $5.25 in Canadq,
$6.00 elsewhere.

Y THE RADIO AMATEUR'S HANDBOOK Internationally recognized, universally consulted.
Packed with information essential to the amateur and professional alike. Hundreds of photos,
diagrams, charts and tables. $3.50 U.S.A., $4.00 U.S. Poss. and Canada, $4.50 elsewhere;
Buckram Edition, $6.00 everywhere.

Y A COURSE IN RADIO FUNDAMENTALS A complete course of study for use with the Radio
Amateur's Handbook. Applicable to individual home study or class use. $1 U.S.A. proper, $1.25
elsewhere.

Y HOW TO BECOME A RADIO AMATEUR Tells what amateur radio is and how to get
started in this fascinating hobby. Emphasis is given to the needs of the Novice licensee, with three
complete simple amateur stations featured. 50¢.

Y THE RADIO AMATEUR'S LICENSE MANUAL Complete with typical questions and answers
to all of the FCC amateur exams—MNovice, Technician, General and Extra Class. Continually
kept up to date. 50¢

Yr LEARNING THE RADIOTELEGRAPH CODE For those who find it difficult to master the
code. Designed to help the beginner. Contains practice material for home study and classroom
use. 50¢.

Y THE ARRL ANTENNA BOOK Profusely illustrated, the Antenna Book includes information
on theory and operation of antennas for all amateur bands; simple doublets, multi-element
arrays, rotaries, long wires, rhombics, mobile whips, etc. $2.00 U.S.A. proper, $2.25 elsewhere.

Y SINGLE SIDEBAND FOR THE RADIO AMATEUR A digest of the best SSB articles from
QST. Includes discussions of theory and practical "how-to-build-it" descriptions of equipment.
$1.50 U.S.A. proper, $1.75 elsewhere.

Y THE MOBILE MANUAL FOR RADIO AMATEURS It's a collection of articles on tried and
tested equipment that have appeared in QST. A "must” for the bookshelf of anyone interested in
the installation, maintenance and operation of mobile stations. $2.50 U.S.A. proper, $3.00
elsewhere,

v HINTS AND KINKS If you build equipment and operate an amateur radio station, you'll
find this a mighty valuable book in your shack and workshop. More than 300 practical ideas.
$1 U.S.A. proper, $1.25 elsewhere,
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Application for Memberstiicts

AMERICAN RADIO RELAY LEAGUE

Administrative Headquarters: West Hartford, Connecticut, U. 5. A.

AMERICAN RAaDIO RELAY LEAGUE,
West Hartford 7, Conn., U. S. A.

Being genuinely interested in Amateur Radio, I hereby
apply for membership in the American Radio Relay
League, and enclose $5.00* in payment of one year’s dues,
$2.50 of which is for a subscription to QS7 for the same
period. [Subscription to (ST alone cannot be entered
for one vear for $2.50, since membership and subscription
are inseparable.| Please begin my subscription with the

................ Issuc.
The call of my station is. . . ... ... ... .. iiirennnn
The class of my operator’s license is. . ... .. ol% ) sl e m

I belong to the following radio societies. .. .........

Send my Certificate of Membership [] or Membership
Clard [J (Indicate which) to the address below:

NaAmME . . v vttt ettt eessososansssnnsnseonsas

A bona fide Interest in amateur radio Is the only essential requirement, but full
voting membership Is granted only to licensed radio amateurs of the
United States and Canada. Therefore, if you have a license,

please be sure to indicate It above.

*$5.00 in the United States and Possessions.
$5.25, U. S. funds, in Canada.
$6.00, U, S, funds, in all other countries,




the most widely used

Amateur Supply Guide

KEEP IT HANDY...

get everything from our largest stocks
of station gear and electronic supplies —
immediate delivery at lowest prices...

grn AVENUE

: egsT %
o0 N W TELEPHORE

ALLIED

gives you every buying advantage

HIGHEST TRADES: Get the absolute HAM-TO-HAM HELP

mos’t for your old equipment. Tell us Wh;’:lt Our staff of over 30 Amateurs goes all-out to
you’ve got an'd what you want—we’ll give you all the help you want. You'll like the kind
come up fast with the best deal anywhere. of personal attention Amateurs have enjoyed

at Allied f ’ t to k :
RECONDITIONED GEAR: Large selec- IRsli5 50 untioyy edma et 15 Rndi

tion, new set guarantee. Ask for latest
list of top reconditioned equipment at

lowest prices. WOWHF

Jim Sommerville
(write to him
for that best deal)

EASIEST TERMS: Available on all orders
over $20; only $2 down up to $50; $5 9
down from $51-200; only $10 down from WBCZE

$201 up; up to 24 months to pay. Extra: Jack Schneider

. (Allied’s "' Mr. Ham"')
15-day trial on all ham gear. e s A Tam

VPR EPRPOIGIIOIIPIROIRISY

ALLIED RADIO

100 N. WESTERN AVE., CHICAGO 80, ILL.

W9HLA
Joe Gizzi
(in the Ham Shack)

W9BHD

Sowing the Qmateur for 39 eors- (in he Hom Shack)




VHF BEAMS

3

432me 13 Element Beam, $12.95
220me 11 Element Beam, $13.95
144me 5 Element Beam, $8.95
144me 10 Element Beam, $14.95
6 Meter, 5 Element Beam, $18.95

6 Meter, & Element Beam, $32.95

Fou Coupling Enengy Into Space . . . Anywhenw in the Fadio Speetruum

MONOBANDERS

10 Meter, 3 Element Beam, $32.95
15 Meter, 3 Element Beam, $38.95
20 Meter, 3 Element Beam, $65.95

GROUND PLANES

Ground Plane Antenna 25-50me, $32.50
Ground Plane Antenna 50-80Ume, $21.95
Ground Plane Antenna 108-500me, $14.95

MULTI-BAND DOUBLETS
- Doublet for 6 thru 20 Meters, $19.95
Doublet for 6 thru 40 Meters, $29.95
Doublet for ¢ thru %0 Meters, $37.50
HALOS
) S Halo for 2 Meters, §5.95
< -ga A Halo for 6 Meters, §12.95
N -
Ny . )
e Yt
MOBILE & PORTABLE TRAP
e TRAVELERS
r 3-Band lLoading Ciol for 10-20

SEE YOUR NEAREST DISTRIBUTOR, OR WRITE TO Meters, §14.95
Telesecoping Base & Whip Assembly, $15.00
Portable Micro-Dipole Kit, $9.95

MULTI-BAND VERTICALS

Multiband Vetrical for 10-20 Meters, $21.95
antenna Multiband Vetrieal for 10-40 Meters, $27.95

- a Multiband Tower Vertical
products for 10-x0M, $129.50

1135 NO., 22nd ST. . LINCOLN, NEBRASKA TRIBANDERS

3-Element Full Size
Tribander for 10, 15, 20M, §99.

-1
o

3-Element Miniature
Tribander for 10, 15, 20M, $69.95

2-Element Miniature
Tribander for 10, 15, 20M, §49.95

"The Wordds Langests Monufocturew of Amateurs Communieotions Anternas’

ROTOBRAKE

Complete Rotator, Brake,
Wall Map Indicator and
Control Box, $199.95

CITIZENS BAND

Citizens Whip, $6.95

Citizens Dipole, $12.95

Citizens Mobile, $11.95

Citizens Ground Plane, $18.95
Heavy Duty Ground Plane, $32.50
Citizens Beam, $36.95

60



LAMPKIN 105-B MICROMETER
FREQUENCY METER
FREQUENCY RANGE on local trans-
mitters (.1 to 175 MC — to 3000 MC by
measuring in multiplier stages. ACCU-
RACY conservatively guaranteed better
than 0.0025¢ —actually 9 out of 10 results
come within 0.0019%. CALIBRATION
table for each meter; charts show percent-
age oft-frequency from FCC assignment.
DIAL 4” diameter, 40 turns, totals 8000
divisions spread over 42 feet—rescttable
better than 5 parts per million. CRYSTAL
thermometer on panel automatically indi-
cates dial checkpoint. SIGNAL GENER-
ATOR—a pinpoint CW source for mobile-

receiver final alignment.

JUST THESE TWO METERS—WITH NO ADDITIONAL CRYSTALS OR FACTORY ADJUSTMENTS
WILL CHECK FREQUENCY AND MODULATION ON HUNDREDS OF TRANSMITTERS OPER-
ATING ON SCORES OF FREQUENCIES. LAMPKIN METERS ARE USED BY NUMEROUS

MUNICIPALITIES—BY MORE THAN 41 STATES-

MOST TWO-WAY RADIO MANUFACTURERS—AND BY HUNDREDS OF INDEPENDENT MO-
BILE-SERVICE ENGINEERS. THEY ARE GUARANTEED TO PLEASE YOU, TOQO, OR YOUR

MONEY WILL BE REFUNDED.

To learn about contract rates and
service arrangements, send for
YOUR free copy of HOW TO
MAKE MONEY IN MOBILE-
RADIO MAINTENANCE!

MAIL COUPON TODAY!

LAMPKIN LABORATORIES, INC. B

BRADENTON, FLORIDA

~ MOBILE-RADIO
MAINTENANCE

Get into this rapidly growing
field with 2nd Class Ticket and

LAMPKIN MOBILE-SERVICE METERS

LAMPKIN 205-A
FM MODULATION METER
FREQUENCY RANGE — Continuous
25 MC to 500 MC. No coils to change.
Rough and vernier tuning controls. PEAK
FM swing shows directly on indicating
meter—calibrated 0-12.5 or 0-25.0 peak
KC, positive or negative. No charts or
tables. ACCURATE—within 10% at full
scale. FIELD STRENGTH METER —
Reads relative transmitter output. PRO-
TECTED — Panel components recessed
behind edges of the case, PORTABLE —

Just a 2-finger load.

BY THE SERVICE ORGANIZATIONS OF

| Measurements Section
| Lampkin Laboratories, Inc.
| Bradenton, Florida

Y no obligation to me, please send
I [J “How To Make Money in Mobile-Radio Maintenance!”
! [ Technical data and prices on Lampkin Meters

Address

City Zone State



THE

HAM BAND RECEIVER

Model 6900

Net
$349.00

Amateur

The design and production of communications
receivers today is considerably different than in
past years for two principal reasons. Costs have
risen precipitously; to manufacture a receiver in
the face of this and keep the price reasonable
requires good tooling, long runs, and little allow-
ance for error. Secondly, there are greater
demands placed on receiver operation than ever
before, versatility ... handling ease ... yes,
amateurs have come to ask for parameters of
performance almost unheard of in past years.

RME in announcing the new 6900 states without
equivocation that this receiver performance is
unmatched by anything near its price class. The
6900 is engineered to give optimum service for
all modes of amateur communications — not
merely one. Engineered under the supervision of
Russ Planck, WI9RGH, the 6900 has as many
advanced pioneering features asitsextraordinary
namesake, the world famous RMEG69, which
was the first band-switching communications

receiver ever produced — over 20 years ago and
still widely used today.

What makes the 6900 so Hot? First, meticulous
attention to details so that every circuit is per-
forming in an optimum manner, Second, an
ingenious function selector, the Modemaster.
Every circuit in the 6900 is designed to provide
high selectivity; frequency stability, sensitivity
and low internal noise. Finally, inclusion of all
function controls necessary for a modern
communications receiver. .. vernier control knob
with overide clutch for fast tuning; RF gain;
AF gain; antenna trimmer; band selector,
stand-by receive calibrate transmit; ANL; T-
notch filter; calibrate adjustment; band selector.
Whether vou operate CW; SSB; or AM, you
will have the almost uncanny feeling the 6900
was designed solely for you this is the test of
a modern communications receiver that we
believe only ours can meet on the operating desk,

® CONTROLS: 11%" Single Slide Rule Tuning
Dial; Logging Scale.

® COVERAGE: 80, 40, 20, 15 and 10 on 5 bands
plus 10 to 11 mc for WWV or WWVH.

® Peak Selectivity plus tunable “T"’ Notch.

® Internal 100 kc Hermetically Sealed Crystal
Calibrator.

® 500-chm Output.

® Noise Limiter for SSB and CW, AM.

® Separate Detector for Single Sideband.

® S Meter Calibrated in 6 db Steps Above 59 for
Better Reading.
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® improved Fast Attack AVC Circuit,

® Selectable Sideband.

® Panel of Attractive Grey ‘“‘Clad-Rex” Vinyl
Bonded to Aluminum with Charcoal Trim.

® Front Panel Controls Re-Grouped for Ultimate
Operating Ease and Convenience.

® SENSITIVITY: 1 mv. 309 Modulation for 100
mw output.

® S-N-R: 10 db at 1 mv Input.

® SELECTIVITY: 500 ¢cps, 6 db down, in CW mode.




offers optimum performance on SSB,
AM or CW with no compromises

| se [ v cW
Model 6900 3.5 Kc | 2 IKC 5 KC

MODEMASTER
SWITCH

ST
NEW..VERSATILE ~ ————t—t—

Gives One Hand Knob Control of 5 Distinct Functions

When in the indicated AM position, a full-wave diode detector is used. The IF frequency
response curve is 3.5 ke wide at 6 db down and, the AVC system is switched for fast attack /fast
decay operation. The AM band width for this area is 3.5 ke.

In this AM position all of the conditions described for function A above remain the same except
that the IF response curve is narrowed to 2 ke to reject nearby signals on erowded bands.

G In the LSB (Lower Side Band of SSB carrier) position a series of steps oceur.

(1) The AVC system is switched to a fast attack slow decay performance.

(2) The Beat Frequency Oscillator is turned on and positioned for desired sideband
reception.

(3) The second conversion oscillator frequency also shifts for reception of desired sideband
while the IF response curve remains the same.

(4) An advanced Product Detector switches in to replace the Diode Detector in all SSB
and CW positions.

0 In the USB (Upper Side Band) the changes cited in function C above also occur but are designed
to accommodate the Upper Side Band.

G When switched to the CW position:
(1) The band pass of the IF System is reduced to 500 cycles (.5ke)
(2) The BFO Injection Control and BFO Pitch Control becomes operational.
(3) The AVC system is changed for optimum when operating under CW conditions.
(4) The second conversion oscillator is positioned for reception of the upper sideband
beat note.

See your RME distributor or write to

Dept. HB-60, BUCHANAN, MICH.

63



EXPERIENCED HAMS SAY

“MAKE MINE MOSLEY™

FOR BEST-EVER ANTENNA PERFORMANCE!

TRAPMASTER 10-15-20 METER
ROTARY AND VERTICAL ANTENNAS

100 %

RUST-PROOF!

MODEL TA-33— Three-ele-
ment beam rated to full KW. 8
db. forward gain; 25 db. front-to-
back. 1.1/1 SWR. Max. element
length 28", Boom length 14’. Turn-

ing radius 1515’
53 lbs.
NetEach . . . . . $99.75
MODEL TA-32 —Two-ele-
ment beam rated to full KW. 5.5
db. forward gain; 20 db. front-to-
back. 1.1 /1 SWR. Max. element
length 28’. Boom length 7/, Turn-
ing radius 14’5”. Shipping weight
32 lbs.

NetEach . . . . . $69.50

MODEL TA-33 Jr.— Three-ele-
ment beam rated to 300W. 8 db.
forward gain; 25 db. front-to-
back. 1.5/1 SWR. Max. element
length 26’8”. Boom length 12’.

. Shipping weight

Turning radius 14'9”. Shipping
weight 28 lbs.
Net Each . . . . $69.50

MODEL TA-32 Jr,— Two-ele-
ment beam rated to 300W. 5.5
db. forward gain; 20 db. front-to-
back. 1.5/1 SWR. Max. element
length 26'8”. Boom length 6.

Turning radius 13'9”. Shipping
weight 22 lbs.
NetEach . . . . . $49.50

MOSLEY ELECTRONICS,

64
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STABLE ALL-WEATHER PERFORMANCE!

MODEL V-3—10-15-20M Verti-
cal rated to full KW, Electrical
quarter wave on each band. Re-
quires only short radials. 11'6”
from base to tip. Complete with
baseplate, guy line, necessary
hardware. Shipping weight 8 lbs.

Net Each . . . $22.95

MODEL V-3 Jr.— Same as V-3
but rated only to 300W. Overall
height 11'9”. Shipping weight
6 lbs.

Net Each . . . . . $17.95

MODEL V-4-6— Broad-band

Vertical with automatic band-
switching 10 to 40M. Rated to
full KW. Maintains electrical
quarter wave on each band. Com-
plete with baseplate, base insula-
tor, guy rope, hardware. Max.
height 20’. Shipping weight 12 1bs.
Net Each . $27.95
MODEL D-4BC BASE LOAD-
ING COIL— for 75 and 80M op-
eration of V-4-6 Antenna. Mounts
easily on base section. Shipping
weight 3 lbs.

Net Each .
POWERMASTER
SINGLE-BAND ROTARY
ANTENNAS

Full-sized 3-element arrays 1009,
rust-proof! Each designed for a

$14.95

8622 St. Charles Rock

Rd.,

GUARANTEED!

single band —10, 15 or 20M.
Aluminum elements and boom,
stainless steel hardware. 8.9 db.
gain on all bands. 1.1/1 SWR.

MODEL A-310 — For 10M. 28
db. front-to-back. Max. element
length 15'3”. Boom length 12’,

Turning radius 11’1”. Shipping
weight 33 lbs.
Net Each . . . . . $§37.50

MODEL A -315— For 15M. 28
db. front-to-back. Max. element
length 17'8”. Boom length 12'.

Turning radius 13'2”. Shipping
weight 34 lbs.
Net Each . . . $42.50

MODEL A-320 — For 20M. 25
db. front-to-back. Max. element
length 35’4”. Boom length 14’.
Turning radius 18’9”. Shipping

weight 40 lbs.
Net Each . $77.25

TRAPMOBILE

10-15-20M MOBILE
ANTENNA

MODEL MA-3—10, 15, 20
meter Mobile version of the
famed TRAPMASTER. Stain-
less steel whip sections. Fits
standard mounts. Length 78",
Shipping weight 8 lbs.

NetEach « o« « « . $19.95

Saint Louis 14, Missouri



iIf It's Shown
‘ww= | In This Handbook

Henry
Has It

new equipment First
¢ best Terms!

HENRY gets the '
you get the world

You get the best terms anywhere because Henry finances all the
Low Terms terms with his easy time payment plan. 10% down (or your
trade-in accepted as down payment), 20 months to pay.

I-Oﬂ Trades Henry wants to trade and he trades big. YOU get truly liberal
g allowances on your equipment. Tell us what you want to trade.
We also pay cash for used equipment.

Henry has everything in the amateur equipment field, new or
used . . . transmitters or receivers, and Henry has the NEW
equipment FIRST.

Complete Stocks

Low Prices Henry's large purchasing power means low prices to you. You
just can’t beat our wholesale prices.

100% Satisfaction Henry gives you a guarantee of “100% satisfaction” or your
money back at the end of a 10 day trial.

Write, wire, phone or visit either store today.

Bob Henry,

Butler 1, Missouri WOARA
Phone 395 ‘Eﬁ

Henry Rl [{B-a{elag-I

BRadshow 2-2917 n.
11240 West Olympic Blvd. Los Angeles 64 \ Ted Henry
WeuUou

‘"World’s Largest Distribvutors of Short Wave Receivers.’!



International

INTERNATIONAL
CRYSTAL MANUFACTURING/ €O0.. INC.

196G CATALO®
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RADIO
REFERENCE MAP

GLOBE CHIEF DELUXE il

WRL Radic Aforense Afap

This handsome Zecolor waz : R 200)  pay o o Jar- &

* mips moeas n DEXI6; - . B Fains for the ham,
shows  call  areas, time g e i the  hi-fi enthusiast,
rotes, monitoring  stations, = - the experimenter :n.d 1
matjon towns and  cities; : fe 5
includes a WAS Check List: S S ;

o - g will rag the wall of any
WERLD R&O(H ¥ . Hit

the dealer-se -nn-mn:m,
e s $l .00 Each

ine Illm the iation’s

leading lm S

-Send tor Your Copy Tcday!

------------‘ua“---ﬂﬁ““--‘ﬂﬂ--““--*“I

PLEASE RUSH ME [J YOUR FREE 1960 CATALOG . .. AND COMPLETE INFORMATION

ON THE : . ENCLOSED [J IS $1.00 FOR YOUR RADIO
; . REFERENCE MAP . . . PLEASE -SEND
ORLD'S MOST PERSONALIZED RADIO SUPPLY HOUSE [1 RECONDITIONED EQPT. LISTS. HB6D
- NAME:

Wit 3 ems  continually in stock, and 2 i :

v oturnover of, nearly 500 pieces each Mo nthy, World s e
vadio  offers ‘.‘u Economy-Mindded lm finest in used SR G R
pear,  sent to nt i 1 *like actory new' condition.

 ADDRESS:

B415 W. BROADWAY, CO. BLUFFS, IA‘.Phone 2-0277 ClTY: & STATE:




THE HAMS'
NO. 1 CHOICE

in clear plastic
or metal cases...

Shurile.

METERS

550 Series

550 Series wiihnFlcnge ‘Adapter Ring

oML BT

AC VOLTS

NEW HAVEN

v L

850 Series

Shown actual size, zero adjuster optional

2o o iy Pl L Ry
AN S

. v

950 Series

Shown approximately three quarter size

EAR-PLASTIC CASES: One look will make every ham en-
usiastic about the modern, expensive-looking 850 series...
1d you will be pleased to find the meters cost only 20c more
an the equivalent metal cased meter. Equally good news will
> the longer, more visible scale arc...the removable front
.and the availability of zero adjusters on all AC or DC ranges.*

TTRACTIVE METAL CASES: In certain applications—for panel
ypearance or specialized service conditions, you may prefer to
lect from the long-time metal fovorites, the basic Models 550

950 as illustrated. Although all have been modernized in
spearance recently, each continues to fit 2 5/32” mounting
sle. See Catolog 94 covering all types, including many with
rro adjuster.

HOICE OF MANY TYPES: AC and DC Ammeters, Milliameters,
oltmeters and Resistance Meters. AC meters are double-vane
rpulsion type with jeweled bearing. DC are polarized-vane
slenoid type, or moving magnet construction. Well over 200
inges and types. Among the most popular are a 0-3 DC
iilliammeter with 500 ohms internal resistance and built-in zero
djuster, and a 0-1 DC Milliammeter with 1,000 ohms internal
»sistance and zero adjuster, both many times more sensitive
1an previous models in this price class.

DEPENDABLE PERFORMANCE: By far the best torque-to-weight
ratio in its field gives you a sturdy meter with fast responses and
ability to duplicate readings. Molded inner units with internal
and external locking nuts assure maximum rigidity. Dials are
lithographed on metal so they stay good-looking and easy to
read in spite of age and moisture. Accuracy well within the
standard 5%.

REASONABLE PRICES: Typical of the exceptional values are
the meters illustrated.

Models Model
Range 550 —950 850
0-150 DC Ma $1.85 $2.05
0-150 DC Volts 2.35 2.55
0-1 DC Ma (with zero adj.) 3.50 3.70
0-150 AC Volts 3.60 3.80

Other meters are correspondingly low in price. You get the
benefit of low costs made possible by large quantity production.
*Some models include zero-adjuster in price; others are 35¢
extra.

GUARANTEED: For one year against defective workmanship
and material. Will be repaired or replaced if sent postpaid to
the factory with 40¢ handling charge.
WIDELY AVAILABLE: Stocked by
distributors for prompt deliveries.

leading electronic parts

130 Wallace Street « New Haven 8, Connecticut



Look for HENRY

Whenever there’s outstanding new amateur equipment. ..
priced to represent full and honest value. . .you'll find
d HENRY. . .Ted or Bob. . .right in the middle!

The exclusive, new mobile sideband
transceiver, MSB-1. And G-63, the big-
gest amateur communications receiver
value in the 200 dollar price bracket.
At Ted’s elbow is the fine-performing, in-
big-demand SSB transmitter/exciter,
GSB-100 and Gonset’s “more watts per
dollar’” GSB-100 linear amplifier.

To prove the point: Here’s Ted in
the middle of four of Gonset'’s
newest and finest . . .

Place your order with HENRY . . .

for these new Gonset items...or «ny items in the big Gonset
line. You'll find everything in the tremendous Henry stocks. ..
for immediate, over-the-counter delivery or same-day shipment
on mail orders. If you can't drop in, just write, wire or phone.

. Compare Henry's easiest terms . . .

only 6¢ per 1.00 per year...20 months or longer to pay...Only
1097 down (or your trade-in as down payment) ...No finance
charges if paid within 90 days...More flexible financing because
the Henrys handle their own financing.

Henry gives you bigger trade-ins. . .
Henry...Ted and Bob...want to trade...will make you truly
liberal allowances on your old equipment. Tell them what you want to trade,

Butler 1, Missouri b
ORchard 9-3127 ‘

Henry N1 L 23 {e -

11240 West Olympic Blvd.
Los Angeles 64, Calif.

Ph: GRanite 7-6701

t“World's Largest Distributors of Short Wave Receivers”




Compact, lightweight and completely port-
able, these advanced grid-dip meters are
extremely useful in determining resonant
frequency of tuned circuits, antennas, trans-
mission lines, by-pass condensers and
chokes. Measure inductance and capacitance
and can also be used as signal generators,
wave meters, frequency meters and in many
other applications. Available in the fre-
quency ranges indicated. Special protective
carrying case can be supplied sy han-
dling of partial or complete cgacyele
Meters. -

MODEIL 59 OSCILLATOR MODEL 59-LF OSCILLATOR ‘ FUHFE OSCILLATOR
(Specilications) (Specifications) ifieations)

Frequency Range: 100 Frequency Range: 420
Ke to 4.5Ke with 4 Mc to 940 Mec in one
plug-in coils . range

Freguesicy Acecuracy: Frequency Accuracy:
+ 20 (individually 20 (individually
calibrated) calibrated)

Output: CVW or 120 cy- Qutput: CW or 120 cy-
cle modulation. Pro- cle modulation, Pro-
vision for external vision for external
modulation modulation.

Power Source: 117 V, Power Source: 117 V,
50-60 eycles, 30 watts 30-60 cycles, 30 watts

Frequency Ranwe: 2.2
Me to 420 Me with 7
plug-in eoils

Frequency Accuracey:
=2 (individually
calibrated)

Qutput: CW or 120- cy-
cle modulation. Pro-
vision for external
modulation,

Power Source: 117 V,
30-60 eyeles, 20 walts

(when used wiih Mo- (when used with Mo- (when used with Mo-
del 59 Power St lv) del 539 Power Supply) del 59 Power Supply)

Dimensions: 3-3 /1" dia. Dimensions:  3-5/8"7 x Dimensions: 3-5/8"7 x
x 2" deep 1-5/8" x 4-5/8" 1-5/8" x 1-3/8"

SPECIFICATIONS
5 5 vacuum Tube AC Voltage Range: Six ranges; 1, 3,
o 10, 30, 100 and 300 rms volts full-
scale. Diode probe is peak read-
VOItmeter ing, AC scales are calibrated to
indicate rms value of a sine wave,

(Model 1 62_R) or 70.7¢; of peak value.

DC Voltage Range: 1, 3, 10, 30, 100,

An exiremely nccurate instrument for 300 and 1000 positive and nega-

providing reliable voltage and resist- tive volts full-scale.

ance measurements in laboratories, Ohms “"‘"}!"? 0.2 ohms to 500 meg-

production lines and service shops. ohms in 7 decades with 10, 100,

Advanced design permits the instrus- 1,000, 10,000, 100,000 ohms, 1

ments use in either a horizontal or megohm and 10 megohms mid-

vertieal position while push buttons _ scale reading.

provide direet RANDOM ACCESS 1o ‘()li:ig(‘_ Accuracy: Better than %3¢}

all funetions and ranges to reduce = of full scale.

operator error and faticue. Highly Frequeney Response: Down less than

developed, balanced degenerative am- 1 db at 20 cps. Resonant fre-

plifier provides stable zero and good auency of probe with input ter-

overload protection. Single zero con- minals shorted is 350 Me.

trol for all ranpges. Pully insulated Input l,'"'”'d“"'”': (a) AC—Input cap-

A-C probe prevents short circuits and acitance is :Il)[)l"f\il1.;|lc‘l"' 3 uuf;
F compartment provides lead and probe ‘nn)ul resistance is a])l.lruximmel_v
;. storagve. Large, illuminated meters 3 """—5“’"“"‘ at '““_' frequencies.
%’v w permit divect, easy rendings: (hy DC—Input resistance is 100

L megohms  for all ranges.
Moy Power Supply: 117 volts, 50-60 cycles,

15 watts.
Dimensions: Case 10" high x 6" wide

- /T‘\ .t
x 6" deep.
M&d;‘—y_smm Weight: Approximately 8 pounds.
Werite for free,

illustrated catalog M EAS u R E M E N I s

A McGraw-Edison Division

BOONTON, NEW JERSEY

/70




AUTHORIZED
DISTRIBUTORS

HARVEV

54 2l
il i

RCA Tubes and Hurvey Service...
For Double Dependability!

HARVEY’s line of RCA tubes is so complete, that HARVEY
can fill virtually any requirement. . . right from stock .. . and

deliver at almost a moment’s notice.

This is particularly important to AM, FM, and TV Broad-
casters, Industrial and Commercial users, Amateurs, and
Service-Technicians, all of whom depend on tubes for sus-
tained operation of important electronic equipment.

Write, Wire or Phone for
PROMPT HARVEY SERVICE

Telephone JUdson 2-1500

HRRUEY

RADIO COMPANY, INC.
103 West 43rd St., New York 36,N. Y.

Visit Harvey's NYew Ham Ra-

dio Center. The latest and

best in ham gearis alicays on
display.

/1



air dux"BALUN

Unbalanced coax lines used on most trans-
mitters can be matched to balanced lines

Illumitronic has the
most complete line

, of either 75 or 300 ohms impedance by of PLASTIC ROD,
using the B2009 air dux coils. May be TUBING and SHEET
used with transmitters and receivers with- :
out adjustment over the frequency range
of 80 through 10 meters, and will handle
power inputs up to 200 watts.

Two coils required_ B2009 Coil with hardware
Coax connector not included. MB2009 Mounting plate

Standard Air Dux!

A wide selection is
available from Jobbers

nationally. Also HARNESSING

and CABLIN
2 new pi dux assemblies CAB G-
materials:
The 500 and 1000 watt pi dux assemblies
are compact yet conservatively rated. The
high frequency coil sections are silver
plated for high tank circuit efficiency. A
complete technical sheet is included with
each assembly.

#195-1 500 watt pi dux Assembly
#195.2 1 KW pi dux Assembly

7 ZIPPERTUBING
ind d dux”
ndented pl dux SPIRAL WRAP

Wire Length L

=Z’Z-\)\:““\‘ (;a]lél:n ';zl i of Coil 1;h,0 sPIRAL coven
il 1014A 14 , 183 VINYL SLEEVING

12124 12 18.3
1411A n " 180 B LACING CORD

1809 z . 18l CABLE CLAMPS
2007 A 18.6
2406A 18.7

/iu»\\\\\\\\\\\\\\\v vari-pitch pl dux'

Jugui 820010 20810 18

1 ) -
!«\U\r\z\)jﬂ};ﬂ/ﬂ”mm 121206

1608D6
2008D5
2408D4

That's our business! We illumitronic

now supply a majority of
the air wound coils used
by leading equipment
manufacturers. engineering

sunnyvale, california

EXPORT DEPT.: 1&
CABLE ADDRESS: MINT
CANADIAN REP.: LEN

/2



RADIO SHACK DELIVERS

. fast . . . to Boston, Boise or Bombay . . . from one of America’s newest,
most modern warehouses! Orders received, processed, packed, checked and
delivered to shipping department in 20 minutes average time! All orders shipped
same day.

900 INHAM

Hallicrafters, National, Gonset, Collins, Hammarlund
or any of the dozens of other names you know and AMATEUR MINIMUM

: NET DOWN PAYMENT
respect as the finest in the field!

$] $20 to $50 Only $2 down

$50 to $200) Only $5 down
via a fabulous new Radio Shack Time Payment Plan that lets you buy the ham

$200 to $5001 Only $10 down
Over $500 — Write for terms

gear (or any other type of electronic equipment) you’ve always wanted for as

little as $2 down —

S. TOP TRADES, T00

Fill out the coupon now. We'll quote you the kind of jumbo trade-in allowance
we’re known for throughout the ham world!

r RADIO SHACK CORPORATION Dept. RAH-60
730 Commonwealth Avenue, Boston 17, Mass.
F R E E BARGAIN CATALOGS Please quote allowances on the following equipment

¥ J | would like to trade:
12-month subscription (Include name, model #)

yours FREE. Page after o . e
/ %“"A . page, month after month, _— S
T @pnws®! o ous Radio Shack Bar.  Name _

gain Catalogs give you first Address
crack at exclusive scoops in City _ ____Zone __
ham gear, hi-fi equipment, [] Send FREE Bargain Catalogs
optical goods, etc. Check [] Send 1960 Electronics Buying Guide @ 35c¢
coupon Now.

[ Cash [ Check (] Money Order

RADIO SHACK

CORPORATION

GIANT 1960 ELECTRONIC GUIDE

Over 40,000 items, plus articles, etc., in
the biggest, most costly handbook we've
ever produced! 312 book-size 8% x 11
pages crammed with illustrations, engi-
neering data, charts, complete product
specifications, Practically an electronies
education! Only 35¢.

i 167 WASHINGTON STREET, BOSTON 8, MASS.
} 730 COMMONWEALTH AVENUE, BOSTON 17, MASS.
230-234 CROWN STREET, NEW HAVEN 10, CONN.




Test Site where TACO antennas are developed and ‘performance tested.’

ARG ED
Heans s¥uatennad

.for here is an organization of engineers, tech-
nicians and skilled craftsmen devoted to the
single purpose of conceiving, developing and
manufacturing fine antennas and antenna sys-
tems for every military,
industrial and home en-

s The Doploc antenna system for track-
tertainment need. ing orbital bodies. Designed, pro-

duced and installed by TACO.

TACO telemetering antennas for all High-gain, rugged ham TV antennas and acces- FM antennas for Uni-

commercial and military needs. beams for the & meter, sories available in a va- directional and Omni-
t2) n'(rjeter and 1Y4 meter riety of models. directional reception.
ands.

WRITE FOR COMPLETE DETAILS, STATING ANTENNAS OF INTEREST.

TECHNICAL APPLIANCE CORPORATION Sherburne, New York

/4



HAMMARLUND HAS IT!
And ARROW Has Hammarlund!

Hammarlund Model HQ-145

The HQ-145 is feature-full and works like a charm. Covers
.54-30 mc, double conversion from 10-30mec. Has crystal
filter and the well-known Hammarlund 60 db slot filter,
Electrical bandspread is provided with calibrated mark-
ings on the 80, 40, 20, 15 and 10 meter bands. Ex-
tremely stable, incorporating voltage regulation and
temperature compenscﬂion,

Amateur Net ... . 5269.00
Amateur Net (With Clock) . v oo e a e o 327900

Hammarlund Model HQ-170

All the best features of the finest SSB converters, plus the
best features of the finest amateur receivers wrapped up
in a single, outstanding receiver. Covers the 6, 10, 15,
20, 40, 80 and 160 meter amateur bands. Separate ver-
nier tuning. Dual and triple conversion 17-tube superhet-
erodyne. Adjustable 60 db notch filter. IF passband
tuning. Adjustable AVC.

Amateur Net . . ... ... ...t enesasa..$35900
Amateur Net (With Clock) $369.00

Hammarlund Model HQ-180

SSB, full coverage—.54 to 30 MCS. Band spread cal. for
80, 40, 20, 15 and 10 meter bands. Triple conversion
18-tube superhet. with ANL and AVC adjustable 60db
notch filter. Separate linear detector. Tuned IF amp.
with 7 selectivity positions. Selectable upper, lower or
both side-bands. == 2 KCS BFO control. Built-in 100 KCS
xtal cal. Dial scale reset.

Amateur Net ‘e ees..$429.00
Amateur Net (With Clock) O eeees.3439.00

Hammarlund Model HQ-110

Dual conversion, 12 tube superheterodyne. Full coverage
of 6, 10, 15, 20, 40, 80 and 1860 meter amateur bands.
Built-in crystal calibrator. Q-multiplier. Separate linear
detector for SSB and CW. Separate stabilized BFO.
Amateur Net $249.00
$259.00

Hammarlund Model HQ-100

The hottest, fastest selling general coverage receiver on
the market! Continuous tuning from 540 KCS to 30 MCS.
Electrical bandspread tuning. Q multiplier for continuously
variable selectivity, 10-tube superheterodyne with auto-
matic noise limiter,

Amateur Net $189.00
Amateur Net (With Clock) $199.00

AUTHORIZED DISTRIBUTORS OF ELECTRONIC PARTS & EQUIPMENT
Arrow’'s Export Dept. Ships To All Parts Of The World

F REE Send your QSL for

ARROWDI:LECTRON!GS, PSR FREE HAM BAND CHART

Trade-ins Welcomed

65 Cortlandt Street, New York 7, N. Y. o Dighy 9-4730 Your old equipment is worth

money at Arrow. Get Arrow’s

525 Jericho Turnpike, Mineola, N. Y. « Ploneer 6-8686 deal befere you biy,




CoOMPLETE OUTEFITTERS

FOR THE
» HAM
» COMMUNICATIONS

» ELECTRONIC
ENGINEERS

EuceNneE G. WILE

218-220 South 11th St. Philadelphia 7, Pa.
WAInut 3-1343

Distributors of

Nationally Advertised Lines of
RADIO, TELEVISION and ELECTRONIC Parts
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The specs are the proof...

now your best buy
in ham equipment is

— = = s

ANTENNA LOADING
[ gl o 09
“"‘\\\v'tﬂ,/

FuURCTION
STANOSY  JURE

orre

o

STANDRE

*U.S. Pal. No. D-184,776

90-WATT CW

MR- @ | TRANSMITTER*
o .. A #7120

KIT $79.95 WIRED $119.95

Conservative, highly efficient design plus stability, safety, and excellent parts quality. Covers 80 thru 40, 20, 15, 11, 10
meters (popular operating bands) with one knob band-switching. 6146 final amplifier for full “‘clean' 90 W input, protected
by clamper tube circuit. 6CL6 Colpitts oscillator, 6AQ5 clamper, 6AQ5 buffer-multiplier, GZ34 rectifier. *Novice limit"
calibration on meter keeps novice inside the FCC-required 75W limit. No shock hazard at key. Wide range, hi-efficiency
pi-network matches antennas 50 to 1000 ohms, minimizes harmonics. EXT plate modulation terminals for AM phone modu-
lation with 65W input. Excellent as basic exciter to drive a power amplifier stage to maximum allowable input of 1KW.
Very effective TVI suppression. Ingenious new ‘‘low silhouette’ design for complete shielding and ‘‘living room’’ attrac-
tiveness. Finest quality, conservatively rated parts, copper-plated chassis, ceramic switch insulation. 5” H, 15” W, 914" D,

NEW UNIVERSAL MODULATOR-DRIVER . . #730
KIT $49.95 WIRED $79.95 Cover E-5 $4.50

Superb, truly versatile modulator at low cost. Can deliver 50 watts
of undistorted audio signal for phone operation, more than sufficient
to modulate 100% the EICO #720 CW Transmitter or any xmitter
whose RF amplifier has a plate input power of up to 100W. Muiti-
match output xfmr matches most loads between 500-10,000 ohms.
Unique over-modulation indicator permits easy monitoring, precludes
need for plate meter. Low level speech clipping and filtering with
peak speech frequency range circuitry. Low distortion feedback
circuit, premium quality audio power pentodes, indirectly heated
rectifier filament. Balance & bias adjust controls. Inputs for crystal
or dynamic mikes, etc. Excellent deluxe driver for high-power
class B modulation. ECC83 / 12AX7 speech amplifier, 6AL5 speech
clipper, 6AN8 amplifier driver, 2-EL34/6CA7 power output, EM84
over- modulation indicator, GZ34 rectifier. Finest quality, conser=-
vatively rated parts, copper-plated chassis. 6” H, 14” W, 8" D

NEW GRID DIP METER . . . . . .#T10
KIT $29.95 WIRED $49.95 including complete set of
coils for full band coverage.

Exceptionally versatile, stable, rugged, compact. Basically a VFO
with a microammeter in its grid circuit: determines frequency of
other oscillators or tuned circuits; sensitivity control and phone
jack facilitate ‘'zero beat' listening. Aiso excellent absorption wave
meter. Ham uses: pretuning and neutralizing xmitters, power indica-
tion, locating parasitic osciilations, antenna adj.. correcting TVI,
general de-bugging with xmitter power off, determining C,L.Q.
Electronic servicing uses: alignment of traps, filters, IF's, peaking
compensation networks; as signal or marker generator. Easy to hold
& thumb-tune with one hand. Continuous coverage of 400 kc-230 mc
(broadcast, FM, ham, TV bands) in 8 ranges with pre-wound coils of
~+0.5% accuracy. 500 ua meter movement. 6AF4 (A) or 674 Colpitts
oscillator, Xmfr operated selenium rectifier. 21, H 2%," W, 67,"
Brushed satin deep-etched aluminum panel; grey wrinkle steel case.
NOW IN STOCK! Compare & take them home—right
* “off the shelf'"—from 1500 EICO
distributors in the U.S. and Canada
- S n ge I / " . 1
compTlgfsesa\q’?;flgctc%T\m.ﬂ. FICO advantages underwrite your models of top-quality cquipment (in
1. Guaranteed easy step-by-step instructions and pictorial E%),%EISTH?F:%T;B&CE%TGS h[ejr%AEGl-E‘ll\.{l
diagrams. 2. Guaranteed finest quality components, 3. Cali- ¥ani FREE Hiterature and nam )f
bration and service guaranteed for the LIFETIME of your neighborhood EICO dealer. ame o
instrument. 4. Advanced engineering: the best that is per- eighbornoo ealer,
formance-proven integrated with the best of the ‘‘latest
state of the art.”

th t add 5%.

® In the West a Address
33-00 Northern Bivd., City
Long Island City 1, N. Y. =

Over 1 MILLION EICOQ instruments in use throughout the world

|

EICO, 33-00 Northern Blvd. RAH-60
L.1.C.1, N. Y.
Show me HOW TO SAVE 50% on 60

Copr. © 1960, Electronic Instr, Co., Inc.




TWO-WAY RADIO ~ |

communwahond egu l,amenf

YHF-FM FOR: VHF-AM FOR: VHF

MOBILE AIRPORT VEMICLES ANTENNAS
AIRCRAFT GROUND STATIONS REMOTE CONTROLS
MARINE POINT-TO-POINT ACCESSORIES
MOTORCYCLE

PORTABLE

BASE

COMCO'S ALL NEW
“380 FLEETCOM”

VHF-FM MOBILE RADIO

The new 580" is compact,
light weight, has high per-
formance, and features an
original concept in Mobile
equipment packaging by
combining the control head,
speaker, and transistorized
power supply in one small
easily mounted case assem-

* HIGH PERFORMANCE. .. meets “/split % EFFICIENT... Transistor power
channel” technical requirements, all FCC  supply gives high efficiency. Total

and FCDA requirements. standby drain 5.25 amp. b'Y~
* FULL POWER OUTPUT . . . 35 Watts X INTERCHANGEABLE CHASSIS
in 25-50 Mcs. 25 Watts in 144.174 Mcs. - - - Mobile transmitter-receiver

chassis instantly interchangeable
with base stations in
simplex systems.

% BUILT-IN RELIABILITY...Preproduction
Models field tested in 5 states and 3
foreign countries before starting pro-
duction.

% SMALL AND LIGHT WEIGHT...Chassis
in case 13”x9%"x5V4"”. Control-power
Supply-Speaker case 5”x5"x3%;"”. Com-
plete Mobile installations 24 Ibs.

% EASY TO INSTALL , . . “Two-unit”
package so small most installations
are under dash.

* LOW COST... Complete

mobile package

$398 f.o.b. factory

ATTENTION DEALERS!
Write for available territories.

““580 series transmitter-
receiver chassis.

DESIGNERS AND MANUFACTURERS OF - RADIO COMMUNICATIONS EQUIPMENT

COMMUNICATIONS COMPANY, Inc.

FOUNDED 1938 CORAL GABLES, MIAMI 34, FLORIDA



FOR GREATER VALUE
THRU HIGHER TRADES

SX-111 NEW LOW COST RECEIVER— SX-10TA-MARK Ill—7 Band Receiver $X-100 — 41 Band Receiver — dual

Dual conversion. CW, AM, SSB re- 160-10 meters. Slide rule dial with conversion, with 538-1580 ke and
ception. Complete coverage of 80, 10:1 tuning knob ratio. Full gear 1.7-34 mc coverage. “‘Upper-lower'’
10, 20, 15 and 10 meters in 5 sepa- drive. Built-in 100 ke. crystal cali-  SSB selection, plus notch filter re-
rate bands plus 6th band tunable brator. Precision temperature com- ject unwanted heterodynes. Selec-
to 10 Mc for WWV. Upper/lower pensation plus heat eyeling for low-  tivity variable in 5 steps: 5 ke to
sideband selection. Sensitivity: 1 est drift. second conversion oscilla- 500 ¢ycles. Built-in 100 ke, erystal
microvolt on all bands. 5 steps of  tors crystal controlled. Sensitivity calibrator. Sensitivity less than 1 uv
selectivity, 500 to 5000 cycles. Fam- —one uv or less. Dual conversion, on all bands. Trimmer compensates
ous Tee-Notch filter. Calibrated S- upper-lower side band selection . . for d]’iHUS impedance antennas.
meter, series noise limiter. Built-in  Selectivity 5 ke to 500 eyveles at 6 db 18! 2 , 97 H, 11”7 D. Less speaker.
crystal calibrator. down. Tee-notch filter. 12 lh\

98F066. NET.............. 249.50 98F037. NET.............. 399.50 98F034. NET............. 295.00

HT-37 — New SSB and AM TRANS- HT-32A —SS5B-AM AND CW XMITTER HT-33A LINEAR AMPLIFIER—Compan-
MITTER VFO with double reduction 80-10 meters. Gear driven VFO with ion unit for HT-32 and HT-37. A

disc drive, fixed T.C. Sideband Sup- calibration — 200 cveles all bands, PL-172 pentode operating Class ABI
pression 40db. 70-100 watts P.E.P plus crystal controlled high freq provides excellent stability, higher
output CW or SSB. 17-25 watts car- hetercdynes oscillator. 5 me crystal efliciency and greater overload ca-
rier on AM phone. Two 6146's in lilter suppresses unwanted sideband  pacity. 50-75 ohm resistive input
the final. 3rd and 5th order distor- 50 db or more. On AM both side- requires no tuning or neutraliza-

bands are 1:'.’!||smiltrcL Built-in tion. One knob bandswitching 80

i roducts down 30 db. Carrier 4 5 PE i !
UIon DLOURCES L9 voice control syvstem. Full TVI sup- thru 10 meters. Metered circuits

suppression: 40 db. or better. CAL

i i 1 CW CAL signal Pression. filtering l’nr.' control cir- include grid. screen, cathode cur-
1\1\0\111( T”\ Itnr:\::nflr;issinn m[.,d!,\l‘p::n‘_ cuits and AC power line. Size: 20” rent — plate voltage, R.F. output
veotion ('.”,,]i“.,' Size: 9157 H. 1814~ W X 1012”7 H x 17" D. Shpg. Wt tuning indicator. Variable pi net-
W 16347 D. ' ) 85 Ibs. work output.
. 4 i
98F067. NET .. .. . .. .. 450.00 98F043. NET...... ....... 695.00 98F061. NET.............. 795.00
MODEL R-47 Matching 47 speaker for all receiver: ) o 7
3.2 ohm output. Response 300 to 2850 cps. F.O.B, Chicago, include shipping and insurance.
9BF046. NET. ... . .eieneennnrannnns 12.95
Here’s the Deal on Trade-ins! B Yours, Free—Big New Cumlog'__,
" Write to Ham Shack tod'ay at Newark-—-223 West Madison . Here is the buggest Newark Cataing vert 404 ages
., Chicago. Ask about Newark's Convenient Time Pay- " packed from cover to cover with the newest and finest .
mem Plan. Your trade-in can serve as down payment ; - equipment in Amateur, Electronics, and Radio-TV. Wri:te:v:
pbalance in easy munlhly payments. : : for: your FREE copy today. : g

Dept. 1-12, 223 W. Madison Street Dept. T-12, 4747 W. Century Blvd.
Chicago 6, lllinois s ” Inglewood, California

ELECTRIC COMPANY




ROM GNT‘ WORLD'S LEADING MANUFAGTURER OF HIGH SPEED MORSE TELEGRAPH EQUIPMENT

MODERN
EQUIPMENT

FOR
LEARNING CODE

PERFORATORS
TRANSMITTERS
INKERS, ETC,

G.N.T. Works
are the world’s largest suppliers
of equipment for High Speed
Automatic Morse Transmission
COMPLETE MODERN LINE,
including:

Keyboard Perforators,
Reperforators,
Transmitters

Ink Recorders (Undulators)
Printers
Code Converters
& Associated Equipment

80

MORSE
INKER
GNT-1532

Especially designed for training

purposes
Ideal for learning Morse Code

Improves your speed and quality

of Morse Keying
Has transistor amplifier-rectifier

Operates from tone frequency signals

or directly by Morse Key

Tape speed variable from
3 to 12 ft/min.

G.N.T. offers a complete line of
equipment for training Morse

operators including:

Keyboard Perforator GNT-50
Automatic Tape transmitter GNT-113
Morse Inkers and Hand Keys

For complete detailed information,
write to:

TELCOLAB CORPORATION

CHRYSLER BUILDING, NEW YORK 17, N. Y.

U. S. Representatives of:

W GREAT NORTHERN TELEGRAPH WORKS

COPENHAGEN - DENMARK



IF GONSET MAKES IT...
- ELMAR STOCKS IT!

In Northern California. . .in the Bay Area. .. long-experlenced and
newcoming amateurs alike have come to recogmze Elmar Electromcs
- as their best source for Gonset products.

As one of the very largest electronic suppliers to Elmar is one big store where you can expect- -
‘amateur, industrial, O.E.M. and R&D, Elmar and receive— courteous, friendly service. . . here
stocks the Gonset line in depth-—just as they every purchaser . . .even the smaliest :

stock ovér 200 other nationally known lines. is ten feet tall! ‘

s
e ¢
w0

T

GET YOUR GONSET MSB-1 MOBILE
SSB TRANSCEIVER AT ELMAR

Features: 125 watts P.E.P. input . . . upper and lower sideband
and CW | . . all band operation . . . 10 through 80 meters .
high stability VFO . .. VOX . . . push-to-talk provisions . . .
receiver sensitivity better than 1 microvolt . . . 9 mc band-pass
crystal filter for excellent transmitting and receiving selectivity

. 100 ke crystal calibrator available as accessory . . . 12V DC
power supply is transistorized . . . AC power supply is also avail-
able. NMSB-1 is only 537 High, 12”7 Wide and 12" Deep, weighs
but 15 pounds less power supply . . . fits conveniently under
dash of car . .. also makes a fine showing on any well-appointed
operating desk. Get your MSB-1 at Elmar.

Order by mail too...a complete, well staffed de-
partment gives prompt, efficient attention to your
mail orders.

Serving the 11 Western States. . . Phone Elmar e

I Alaska. . .the Pacific Area, TE]nplebar

4-3311
L ’;ELMAR electronics K

140 - 11th Street at Madison, Oakland 7, California
TWX-0A73 W. U. FAX



Plate Screen

. Current Voltage
Type Valts Ma., Max. Max. Price
BEAM PENTODES
PL-172*1 6.0 8.2 1000 3,000 1000 600 $135.00
PL-175% 5.0 14.5 400 4,000 350 800 50.00
PL-177A* 6.0 3.3 75 2,000 175 600 25.00
0 PL-6549 6.0 3.3 75 | 2,000 175 600 25.00
: PL-4E27A 5.0 75 125 | 4,000 200 750 40.00
PL-172 Beam Pentode e
TETRODES |
PL-4D21 (4-125A) 5.0 6.5 125 3,000 225 600 36.00
PL-4D21A 50 6.5 175 3,000 225 600 37.50
PL-5D22 (4-250A) 5.0 14.5 250 4,000 350 800 46.50
PL-4-400A 50 14.5 400 | 4,000 350 800 48.00
TRIODES | |
Grounded-Grid Types | |
: PL-6569 50 14.5 250 4,000 300 u—~45 37.50
PL-5C22/HT-415 PL-6580 |50 | 145 400 | 4,000 350 u—45 45.00
Hydrogen Thyratron - — +
HIGH-VOLTAGE RECTIFIER|
PL-250R 5.0 10.5 60,000** 250 30.50
HYDROGEN THYRATRONS |
(Low-Jitter Types
PL-5C22/HT415 ‘ 6.3 10.5 16,000 325 amp 36.00
PL-161 6.3 10.5 16,000 325 amp 48.00
PL-165A 6.3 7.8 12,000 225 amp 48.00
PL-174/6587 6.3 10.5 16,000 325 amp 48.00

*Zero-suppressor Voltage Type

**Peak Inverse Voltoge Rating

TExternal Anode Type

INSIST ON PENTA TUBES FOR LONG LIFE, HIGH QUALITY

The reputation of Penta power tubes for uniformly high quality, adherence to specifications, and
exceptionally long life is the reason major electronic equipment manufacturers, amateurs and
broadcast engineers insist upon them. Exacting quality control and life testing under conditions
simulating actual use assure you of maximum performance and durability. Whether your require-
ments are for the new beam pentodes — for applications where superior linearity and low. distor-
tion at high efficiency are critical requirements — the new miniaturized hydrogen thyratrons —or
the older conventional types —Penta is your logical source.

ACCESSORIES

Type Description Price
PL-C1 Glass Chimney for PL-4-400A and PL-175 $ 6.00
PL-184 Socket for PL-172, including chimney, built-in screen-grid 38.75
and suppressor-grid by-pass capacitors
PL-184A Socket for PL-172, including chimney and built-in screen-grid 38.75
by-pass capacitors. Suppressor-grid grounded.
Ph-IRS Lowmolets Plastic chimney, only, for PL-172 3.00

Socket for PL-172

PENTA LABORATORIES, INC.

312 North Nopal Street, Santa Barbara, California

Sales Representatives in Principal Cities




You Asked For It... Here It Is!

COSMOPHONE “1000”

A A Self-contained 1 KW Transmitter-Receiver

A A True Table-top Station with NO Sacrifice,
of Performance

SPECIFICATIONS

TRANSMITTER

INPUT: Full 1 kw on Voice Peaks (Meters Read 2500 V

at 400 ma) into a pair of 4 x 300 A's

UNWANTED SIDEBAND: 42 db down

DISTORTION (SSB): Third order products approx. 32
db down

FREQUENCY STABILITY: Drift less than 100 cycles,

CALIBRATION: Built-in 100 kc marker
AUDIO CHARACTERISTICS: 200-3100 cps

MIKE INPUT: High impedance

VOX: Built-in

LEVEL: Automatic level control

METERING: Screen, plate, and grid current, plus RF
output

RF OUTPUT: 52 ohms

VFO’'s: Dual VFO's permit transmitting on the receive
or any other frequency

CONTROLS: Vox, Qt, ALC, Grid Tuning, Plate Tuning,
ls\nt_ttanrlsa Loading, Audio Gain, Band Switch, Meter

witc

RECEIVER

SENSITIVITY: 1 microvolt for 6 db S/N

SELECTIVITY: 3.1 kc mechanical filter plus a T-notch
filter

STABILITY: Drift less than 100 cycles from a cold start
at room ambient

TUNING KNOBS: Coarse gear ratio of 20:1, fine gear
ratio of 100:1 gives a 1 kc dial reading per division

CALIBRATION: Built-in 100 kc marker

IMAGE AND IF REJECTION: Better than 50 db

AUDIO DETECTOR: Balanced detector for SSB and CW,
diode detector for AM

MODE SWITCH: Selects up or low SSB, or up low AM,
or CW

DUAL RECEPTION: Two VFO's permit reception of any
two frequencies on one band with the flick of a
switch

BFO: Crystal controlled

METERING: S-meter

CONTROLS: T-notch filter, audio gain, RF gain,antenna
trimming, tune selector, phone jack, tune A and B

“The COSMOPHONE 1000"—a complete Station, Receiver, and Transmitter.
Dimensions: 17 inches wide, 12 inches high, and 15 inches deep.

Power Supplies packaged separately, can be placed under operating desk.
Price: “The COSMOPHONE 1000" with Power Supplies...$1,550.00.

A Product of

S

COSMOS INDUSTRIES, INC.

For additional information and dealer nearest you, write Dept. RAH-60

31-28 QUEENS BOULEVARD
Long Island City, N. Y.
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Learn Code the EASY Way

Beginners, Amateurs and FEx-

perts alike recommend the

INSTRUCTOGRAPH, fo learn code
and increase speed.

Learning the INSTRUCTOGRAPH way
will give you a decided advantage in
gualifying for Amateur or Commercial ex-
aminations, and to increase your words per
minute to the standard of an expert. The
Government uses a machine in giving
examinations.

Motor with adjustable speed and spacing
of characters on tapes permit a speed range
of from 3 to 40 words per minute. A large
variety of tapes are available — elemen-
tary, words, messages, plain language and
coded groups. Also an “Airways'’ series for
those interested in Aviation.

MAY BE PURCHASED OR RENTED
The INSTRUCTOGRAPH is made in sev-

eral models to suit your purse and all may
be purchased on convenient monthly pay-
ments if desired. These machines may also
be rented on very reasonable terms and it
when renting you should decide to buy the
equipment the first three months rental
may be applied in full on the purchase
price.

ACQUIRING THE CODE

It is a well-known fact that practice and
practice alone constitutes ninety per cent
of the entire effort necessary to ""Acquire
the Code,” or, in other words, learn teleg-
raphy either wire or wireless. The In-
structograph supplies this ninety per cent.
It takes the place of an expert operator in
teaching the student. It will send slowly at
first, and gradually faster and faster, until
one is just naturally copying the fastest
sending without conscious effort.

BOOK OF INSTRUCTIONS

Other than the practice afforded by the
Instructograph, all that is required is well
directed practice instruction, and that is
just what the Instructograph’'s ""Book of
Instructions’ does. It supplies the remain-
ing ten per cent necessary to acquire the
code. It directs one how to practice to the
best advantage, and how to take advantage
of the few “short cuts” known to experi-
enced operators, that so materially assists
in acquiring the code in the guickest pos-
sible time. Therefore, the Instructograph,
the tapes, and the book of instructions is
everything needed to acquire the code as
well as it is possible to acquire it.

MACHINES FOR RENT OR SALE

SAQ jﬂd fructograp/&

ACCOMPLISHES THESE PURPOSES:

FIRST: It teaches you to receive telegraph symbols
words and messages.

SECOND: [t teaches you to send perfectly.

THIRD: [t increases your speed of sending and
receiving after you have learned the code.

With the Instructograph it is not necessary to impose
on your friends. It is always ready and waiting for you.
You are also free from Q.R.M. experienced in listening
through your receiver. This machine is just as valuable
to the licensed amateur for increasing his speed as to
the beginner who wishes to obtain his amateur license.

fpostal Card WL BEING FULL PARTIC-

ULARS IMMEDIATELY

THE INSTRUCTOGRAPH CO.

4707 SHERIDAN ROAD
357 WEST MANCHESTER AVE.
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ORT ORANGE

o 'l s e
adio Liabubuling Gom
o & i 904 BROADWAY ALBANY A NY U S A
= AMATEUR HEADQUARTERS

CALL ALBANY HE 6-8411 Cable Address “Uncledave”’ NITES 77-5891

BEFORE OR AFTER YOU EARN YOUR TICKET, REMEMBER:
COME TO UNCLEDAVE FOR ADVICE—COME TO UNCLEDAVE
FOR BEST PRICES ON TOP LINES!

HALLICRAFTER MODEL SX-110
FREQUENCY COVERAGE: FEATURES: Slide rule bandspread dial calibrated for 80, 40,

20, 15 and 10 meter amateur bands and 11 meter citizens’

Broadcast Band 538-1600 kc plus - »
band. Separate bandspread tuning condenser, crystal filter,
J4 t-wave band cover Legry ¢
three short-wave bands rs antenna trimmer, “‘S’”" Meter, one r-f,

1550 kc-34 mc. two i-f stages. $] 59.50
HALLICRAFTER MODEL HT-32-A

FEATURES: 5.0 mc. quartz crystal filter rejection 50 db. or more. Bridged-tee sideband
modulator. C.1.0. direct reading in kilocycles to less than 300 cycles from reference point.
144 watts plate input (IP.E.P. two-tone). Five band output (80, 40, 20, 15, 10 meters). Al

modes of transmission CW, AM, S.5.B. Unwanted sideband down 50 db. or more. Dis
tortion products down 30 db. or more. Carrier suppression down 50 db. or more. Both side
bands transmitted on AM. Precision gear driven C.T.O. Exclusive Hallicrafters patented

sideband selection. Logarithmic meter for accuracy tuning and carrier level adjustment.

L«lllnl.l«‘li:L\\ keying and break-in operation. Full veice control system $695.00
HALLICRAFTER MODEL SX-101-A

FEATURES: Complete coverage of six ham bands — 160, 80, 40, 20, 15, 10 meters. | arge
slide rule dial. Band-in-use scales individually illuminated. Hluminated S-meter. Dual scale
S-meter. S-meter zero point independent of sensitivity control. S-meter functions with AVC
off. Special 10 Mc¢ position for WWV. Dual conversion. Exclusive Hallicrafters upper-lower

side band selection. Second conversion oscillators quartz crystal controlled. Tee-notch filter.
Full gear drive from tuning knob to gang condensers absolute reliability. 40:1 tuning
knob ratio. Built-in precision 100 ke evacuated marker crystal. Vernier pointer adjustment.
Five steps of selectivity from 500 cycles to 5000 cycles. Precision temperature compensation
plus Hallicrafters exclusive production heat cycling for lowest drifr.

Dircct coupled series noise limiter for improved noise reduction. $3 9 9 .50

HALLICRAFTER MODEL S-107

‘ .I COVERAGE: Standard Broadcast from 540-1630 kc

% plus four short wave bands over 2.5-31 and 48-54.5

mc. Intermediate frequency; 95
55 ke. 94.

HALLICRAFTER SPEAKER
MODEL R-48. Latest design uses new 5427 x

715" eliptical assembly. Alnico V 3.16 oz.

MODEL 5-108
FREQUENCY COVERAGE: Broadcast band
538-1600 kc plus three S/W bands 1550 kec-
34 mc.

FEATURES: Slide rule bandspread dial cali-

brated for 80, 40, 20, 15 and 10 meter ama-

magnet has fully saturated air gap for excep-
tional damping, distortion-free response. Switch
t rear for selection of music or voice response,
Use with SX-101A, SX-100, SX-110, SX-62A,
or any receiver with 3.2 ohm output. Gray steel

teur bands and 11 meter citizens' band. One

6% " high x 13'4” wide x 814" deep cabinet.

.\V" » 15 > };‘
nl[:ilwlrf‘;:i;m‘:\cfll ‘:[I".n'. $l 9-95

r-f, two i-f and separate bandspread tuning
condenser. Temperature compensated oscillator

and built-i
weekiel, $129.50

Write Uncledave NET CONTROL TIME PAYMENTS

18 Months to pay life

W2APF : k\cDEgSi}éEEELiDS insurance af no extrog cost

with your needs 24 HR. SERVICE

and problems. WE SPECIALIZE IN FOREIGN TRADE | on stock items




BUTTON MICA
 CAPACITOR
370FA (CB 21P)

1

DISC CERAMICON
811

C-42 RESISTOR

o

ROTARY SWITCH
3612-02

DIODE IN 34 A

. GLASS
CAPACITORS
oy

CERAMICON TRIMMER
. B03(CY 1)

TERMINAL STRIP

WITH ONE-SOURCE
PICKUP AT YOUR
ERIE DISTRIBUTOR

For radio work or radio fun, the one
place to go for a complete selection of
clectronic components is your Erie
distributor.

The man behind the counter can
rccommend just the right parts from
his complete stocks of all Erie Resistor
products as well as complete lines of
Corning and Grigsby components.These
include:

Erie diodes, ceramic and silver mica
capacitors, disc ceramicons, feed-thru
ceramicons, PAC’s, tubular trimmers,
ceramicon trimmers and terminal strips.

Corning fixed glass capacitors, glass
trimmer capacitors, and glass resistors.

Grigsby rotary and lever switches.

If you do not know your local Erie
distributor, write to us direct.

Electronics Distributor Division
ERIE RESISTOR CORPORATION

Erie, Pennsylvania

ER%




about Ham Equipment

.. and when you talk with us, in person or by

nail, you will discover we have a genuine
nterest in hams and ham radio. (As a matter
f fact, you'll find us steeped in ham radio
‘ight up to our earphones.) Whether you're a
jovice or an oldtimer, you'll enjoy talking with
‘he many hams on our staff —W2FZ, W2AQA,
N2BUS, W2JBA, W2MKH, K2VVV, K2VBD, to
1ame a few. They'll show you the top ham
squipment values...all name brands in stock,
-eady for immediate off-shelf delivery to save
sou time and money:

RCA - Hammarlund « National « Hallicrafters
» Gonset « UTC « Johnson « Millen « Triad -
dhmite « Eimac * Shure - Advance +« Bud
» Stancor *« Thordarson « Triplett = Mallory -
Astatic + Simpson + Barker & Williamson
» and hundreds of others.

Fralk to Terminal
About Everything in Electronics...

Ham equipment, industrial equipment, high
fidelity ... Terminal has the fullest selection
>f name brand products that you'll ever want
‘0 see ...Talk to us first—find out about the
qollar-saving advantage of Terminal’'s “Off-
Shelf Delivery” on ham and industrial ma-
terials ...ask about our famous “P.D.Q."”
(Package Deal Quotes) on hi-fi equipment...
and when you do talk to us you’ll find friendly,
informed men who speak your language. One
phone call, one order, one source for all your
alectronic procurements...You can always
depend on Terminal for your best deal.

Talk to Terminal Today ...

TERMINAL

RADIO CORPORATION

Pass FCC Exams
This Easy, Proven Way

For Ham Radio...for your career in communications
...pass FCC commercial and amateur code exams
and amateur theory exams. Learn code and theory
this fast, easy, inexpensive way...study at home
with unbreakable phonograph records.

No. 1 — Novice Code Course. You get and keep al-
bum of 10 recordings (through 8 w.p.m.), sample FCC
type code exams, instruction book, charts to check
your receiving accuracy. All for only: 45 rpm $5.95,
33Y3 rpm $4.95, 78 rpm $6.95.

No. 2 — Senior Code Course. Everything in the Novice
Course — plus. 22 recordings (through 18 w.p.m.) and
typical FCC type code exams for both General and
2nd class commercial telegraph licenses. 45 rpm
$10.50, 335 rpm $9.50, 78 rpm $11.50.

No. 3 — Advanced Course. Prepares Novice operators
for Amateur General class and Second class com-
mercial licenses, 12 recordings (8 through 18 w.p.m.)
plus the complete code book, typical FCC code exams.
45 rpm $4.95, 33%3 rpm $4.95, 78 rpm $5.95.

No. 4 — Complete Radio Theory Course. Covering the
Novice, Technician, Conditional and General classes
—all under one cover — with nearly 400 typical FCC
type questions. Simple...no technical background
required. Also, free, a guide to setting up your ham
station. For the amazingly low price of $3.95.

No. 5 — Radio Amateur Questions & Answers License
Guide. A “must” if preparing for Novice, Technician
or General class exams. Approx. 200 gquestions & an-
swers (mostly multiple choice) similar to ones on FCC
exams, plus 2 sample FCC type exams. Other ques-
tions arranged by subject for easy study. Only 50¢

DELUXE CODE PRACTICE OSCILLATOR

In Kit Form or Wired Produces a pure, steady tone with
no clicks or chirps. Built-in 4 inch
speaker. Takes several headphones
or keys. After code has been
learned, the oscillator is easily con-
verted to a fine cw monitor. Has
variable tone control & volume
control. Sturdy, grey hammer-tone
cabinet.

Kit, with instructions, less tubes

(Model CPS-KL) ....coeeeee....$11.95
Kit, complete with tubes (Model
EPSHKT) casimusuiimassauss Bl Gl D
Completely wired & tested, less
tubes (Model CPS-WL) ...%13.15
Completely wired & tested, with
tubes (Model CPS-WT) $14.95

85 Cortlandt St.,, New York 7, N. Y.

WOrth 4-3311 « Cable TERMRADIO




international Rectifiers
SELENIUM "GERMANIUM rSILICON

$D 500 KIT, TV REPLACEMENT

SELENIUM TV AND RADIO RECTIFIERS

UNISTAC SILICON TV RECTIFIER

Ratings: 25 to 156 volts AC, 50 to 1,200 ma. DC
The widest range in the industry! Designed for
Radio, Television, TV booster, UHF converter
and experimental applications. Input ratings
from 25 to 156 volts AC and up. DC output
current 50 to 1,200 MA. Write for application
information. Bulletin ER-178-A

HIGH Q VOLTAGE VARIABLE CAPACITOR

All.purpose silicon replacement kit of
fers radio-TV men simple means of
replacing all existing silicon rectifier
types. Hermetically sealed diode can
be wired in or plugged into fuse-clip
To 100 C; needs no heat sink.

Bulletin JB 505.

SILICON RECTIFIER TUBE EQUIVALENTS

A direct and universal replacement for all ex-
isting selenium stacks up to 500 ma. Eyelet
construction. No “special socket,” conversion
kit or drilling required. Especially suited to
the clevated operating temperatures inherent
in most TV sets Bulletin TV-500.

SELENIUM RECTIFIER STACKS

Ratings: @ of 1000, 200 PIV DC
Semicap’s small size, light weight, high relia=
bility and low power requirements make it
ideal for automatic frequency control, fre-
quency modulation oscillators and filter
networks. All-welded hermetically sealed,
shock-proof housing. Request Bulletin SR-205.

SUB-MINIATURE SELENIUM DIODES

-

Ratings: 20 to 160 volts = 100xa to 11 ma.
Ideal components for bias supplies, sensitive
relays, computers etc. High resistance, (10
megohms and higher at -10 volts). Excellent
lineat forward characteristics. Extremely small,
low in cost. Encapsulated to resist adverse
environmental extremes. Specify Bulletin SD-1B,

a world of difference
A \ through researchl

WORLD'S

88

LARGEST

SUPPLIER OF

Ratings: 85 to 600 ma = 1500 to 6000 PIV.
Highly reliable series of tube replacement rectifiers
rated from 1500 to 6400 PIV; 85 to 600 ma (including
the ST-7 replacement for the 866 Tube ) offer the supe-
rior characteristics of silicon on a wide range of high
voltage applications. Complete data: Bulletin SR-209,

SILICON VOLTAGE REGULATOR ZENER DIODES

Ratings: From 600 milliwatts to 10 watts
A complete series in 6 types. Miniature single
junction types, multiple junction types and
double anode units. 750 milliwatt and 1 watt
types: Bulletin SR-251, 3.5 and 10 watt types:
Bulletin SR-252, Multiple junction 5 watt
types: SR-253, Double anode types: SR-.254

Ratings: From 100 ma. to 50 Amps.
YLow forward voltage drop and low leakage
characteristics make this series ideal for a wide
variety of power applications. For details re-
quest Bulletin C-439, (26 volt cells); Bulletin
SR-160, (45 to 52 volts per cell) and Bulletin
S$R-152, on high current density cells.

PHOTOELECTRIC CELLS AND SUN BATTERIES

(Wide range of silicon and selenium types.)
Self-generating cells available in standard and
custom sizes, mounted or unmounted. For
details on wide selection of selenium types,
request Bulletin PC-649A. Silicon solar cells with
efficiencies as high as 10%. Designed to rugged
military specifications, Bulletin $R-275A,

For bulletins on products described WRITE ON YOUR LETTERHEAD
{0 Our PRODUCT INFORMATION DEPARTMENT

Cc o R P o

7~ International Rectifier

A T I o N

EXECUTIVE OFFICES: 1521 E. GRAND AVE., EL SEGUNDO, CALIFORNIA *« PHONE OREGON B8-6281

INDUSTRIAL METALLIC RECTIFIERS
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Never tires the arm . . . never upsets the nerves

SENDING MADE EASIER FOR EVERYBODY

VIBROPLEX

Its semi-automatic action
actually performs the
work for you.

Vibroplex is a pleasing key. Suits any
hand or style of sending. Tts easy,
ural response helps develop speed fast,

Nou take it easy, while Vibroplex per-
forms the arm-tiring work for you
~end the way vou like hest, knowing
vour signals are clean amd easy 1o remad.

It's the signal that conmts. Vibroplex
sienals are uniformly gool at whatever
speed it ik heing aperated

Vihroplex never
npsers the nerves,
often does.

tires the arm, never
as use af the old keys

I'recision machined
stands rongh usage. rouble proof aind
adjustable to any desired speed. De
pendable as the day is long.

rangee:l. Vibroplex

24
Gold-Plated
Base Top

key for
for vourself. At

Vibroplex then is the perfect
vou. Try it and see
dealers or direct.

Vibroplex Super Deluxe

Fast operation and easy action make this newest Vibroplex a
popular choice among the elite. Equippad with the world's easiest
sending features, in addition 1o all former Vibroplex featu
s a super deluxe speed control mainspring that provides gre
qu-eul range aud slowest sending without extr weight=, Precision
machined, trouble-proof and adjnstable 1o any desired speed

beautiful kev, built to wive a lifetime of sending enjoy .
LEvervbody wants one. With circuit closer, Del.uxe, aonly $29. )-, *

Vibroplex Original

Here's a key vou can buy with confidence
use for over 40 years has pleased thousands with its
ease of operation, strong, clean signal amd  all
around senling excellence. “Suare easv on the arm.""
I'rouble-proof, a wl-l- Lo any speed. Many of
these keys still in serviee after 30 yvear . With
cirenit closer, Staned; nr-! $19.95; Deluxe 95, *

In daily

Vibroplex Blue Racer

Small, compact
sturdy like the Origi
the size. 2 Ths, 8 oz,
space. Precision machine |, ahiustable
to any desired s fas the same fea
tures 2= the Ori il very popnlar
with thonsands of nse a hine send
f mee with the

built extra
. bt only half
Ocenpies small

ing perforn least labar,
With ¢ closer, Standard, $19.95;
Del uxe, $23.95.*

Vibroplex Carrying Case

Black simulated ||mrrn‘.-u, Cloth-line'l. Rein-
r-m-:rl corners, Flexible leather handlle. Keeps
key free of dirt, dust and me and insures

sture,
sufe- Iu:me when not in use. With lock and

key, §6.75.

Avoid imitations!
The **BUG" I'rale Mark
identifies the
Genuine \ibroplex,
Accept no substitute

Vibroplex Lightning Bug
cautifully stvled. precision machine|
el with an improye] fraave, a e
pemdulum bar wish slotred weinhi s
that can’t work loose; o hridged dampoer
ir s prevem s damage to kev, an in
stantly wljnstable dot eontact spring
that mizey e revayoave:D without disoarh-
ing the speel weights, A great buy
this low, Iow price. \With circn !
Standdard, $18.95; Delonxe, $22.95.*

“VIBRO-KEYER"

The Vibro-Kever supplies the WWer 1o
the demand for Vibroplex pqu for the
constraction  of  electronie ransmiitring
units. [ts heautifol heige eolored base is
S by 402 and weight s 2 pounds. It
uses the Debuxe Vibroplex contacts, main
frame and super finished paris, Colorful
red finger and thumb pieces, Hn\ the same
smooth  and  easy  operating  Vibroplex
trunion lever, adiustable 1o your own
taste. 'riced at $15.95.

NEW SPECIAL ENLARGED Edition of
PHILLIPS CODE, §2.75 Postpaid

Also incluiles: [Tnited States Time Chart
Radio Coile Signals C ommerci 2T Code
International Maorse utical "Q" Cwde
American Morse aneous Abbrevia-
Rors=ian, . Arabic Used on interna-
INurkish and Tapanese wire, sithmarine
Maorse Codes
World Time Charr regits
Get your copy today!

tions,
tional
cable and radio telegraph

Yau must bhe tir
or mayhe

el of the old-fashioned kevs an'd their annoyances;
vour bug is old and not perking as vou'd like, then why nnL
hiteloup to o new Vibroplex aul enjov your pperating as never h(rurv
Choose vours from those illustrated here. You can be sure if it's a
Vibroplex.

Prices subject to change without notice

Buy Vibropiex for the easiest sending of your lite
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TENNAS, H-F,
BILE EQUIP. & INSTALLA
-Band Mobile Xmitter — Unive
xed / Mobile Xmitter for 225 Mc. —
Installation of Mobile Equip. — Vehicu
— Universal Q-5'er — Simple Preselect
2-Meter Superheterodyne — CW Man
All-Band Xmitter — High Stability VF
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AM EQUIP. — Design of Speech I
ral Purpose Class B Modulator —
Drive — 200-W, 811-A Modulator -
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cuit Constants — Capacitance -
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BUY FROM YOUR FAVORITE DISTRIBUTOR
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one O,nd que‘-;o' ere? \e\eP\‘ PPLIES — Power Sup? \; : esngP
Qv wer® od.‘ yo™® rmer-type Power Supplies — FPo ‘
aay O“Sm et? ‘“‘“0 TEST EQUIP. — Voltage, Currery <
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Or add 10% on direct mail orders to EDITORS & ENGINEERS, Ltd., Summerland, Calif.
BOOKSTORES: ORDER FROM BAKER & TAYLOR, INC,, HILLSIDE, NJ ;



the “‘Hams
want 1O

TART RIGHT!

:g.

joe Prestia, K2GZX

the famous

BOB
GUNDERSON

es you to write or

invit
; for a chat.

come in

Q7

help youU..-

JUST BEGINNING? Then you need friendly, competent
help to get you started right. The Old-Timers at
HUDSON were all beginners once, themselves—they
knaw YOUR problems!

Talk to one of our Amateurs, at any of the three
HUDSON Stores listed below. He'll be glad to help
you start right, on your “‘adventure into space.”

TECHNICAL INFO?

We're willing and able to help you with any problem that
may be puzzling you.

EQUIPMENT?

HUDSON is famous as one of the largest Distributors of
Electronic Equipment in the country. We've got Complete
Stocks of All Standard Brands, all FULLY GUARANTEED.

SERVICE?

Whether you shop over the counter at any of our stores,
or whether you order by mail, you can depend on our
speedy, efficient service—mail orders shipped same day
received from our HUGE STOCKS.

PRICES?

Everybody in the Amateur Game knows, b{ now, that you
can '‘do better” at HUDSON! Our nationally famous LOW
PRICES make your hard-earned buck go further—much
further!

TRADE-INS?

Sure, we'll give you TOP allowance on your old equipment
—nobody, simply NOBODY beats our ‘‘deal."

TIME PAYMENTS?

Glad to accommodate you. Buy the gear you need, NCOW,
enjoy it NOW—take as long as one and a natf years to pay
for it.

HUDSON FREE NOVICE CLASSES held
regularly at our Newark Store. Learn
5 WPM Code, and all the Theory you’'ll
need, to pass your exam. Write Manager
Joe Prestia at our Newark Store, for
latest schedule.

*NEWAR_K store only

some of the
Standard
HAM BRANDS
we carry!
RCA
RME
BUD
MILLEN
GONSET
MORROW
COLLINS*
NATIONAL
MULTI-ELMAC
HARVEY-WELLS
HAMMARLUND
E. F. JOHNSON
HALLICRAFTER
MASTER MOBILE

R &
Améviuumsuu
ELECTRONICS
DOW-KEY
|LLUMITRONICS
CUSHCRAFT
NORTH HILLS

as West 48th St., N Y.36 N Y,

FACTORY DISTRIBUTORS

sSOon

S1IO0N CORP.

RADIO & VELEVI ‘
ELECTRONIC & SOUND EQUIPMEN

AUTHORIZED

TRafalgar 3-2900

212 Fulton St., NY.LNY,
TRafalgar 3-2900

35 William st., Newark 2,N ),

MArket 4-5154




Take the Guesswork out of Soldering Printed Circuits

and Laminated Wiring Boards with an
ESICO

wGUNCHOKE

FOR ALL WIDELY USED GUNS
LIST PRICE — $2.95

® Now ... use your soldering gun for
the purposes it was originally in-
. . tended — quick heating . . . quick
Reduces the Tip Temperature of Soldering cooling.
Guns to 500° or 600° — the Correct Tem- ® Simply plug your soldering gun into
) . _— GUNCHOKE and N i

perature for Soldering Printed Circuits or said, SUNCHORE Tmp
outlet. Small . . . compact . . .

Laminated Wiring Boards. dependable.

LIST PRICE

ESICO MODEL ”C“/
LUGER GUN _=

— =

= /)

e

® PERFECT BALANCE permits delicate touch for most
intricate work.
® TRANSFORMER built in handle eliminates possibility

of tip heaviness.
® TIP DESIGNS simplify soldering connections inaccessible

with other guns.
TIPS ARE LONG AND THIN FOR GETTING INTO DEEP PLACES

-
" a Q For all soldering jobs. Will not anneal,

bend or develop residue, even if left
on circuit beyond operating cycle.

= =i

‘i Tips C4, C5 and Cé (not shown) are
‘ identical in shape to C1, C2 and C3,
but are the same length (6”) as AB4,

— 1/8”; C2 and C5 — 3/16"; C3 and
Cé6 — 1/4"”; PC1 — 3/4".

( ( AB5 and AB6. Diameters: C1 and C4

PCl Cl1 C2 C3 ABl1 AB2 AB3 AB4 AB5 AB6

KITS OF TIPS

(in plastic vials)

KIT C: 1 ea. of C1 through Cé. KIT C — $5. 75

ESICO PRODUCTS ARE AVAILABLE AT RADIO AND ELECTRONIC DISTRIBUTORS
ELECTRIC SOLDERING IRON CO., INC.

860 West Elm Street -2 Deep River, Connecticut

93




To Manufacturers

and Distributors of

Producis Used in Shori-Wave
Radio Communication

Tie Rapio Avareur’s Haxosook is the standard
reference on the technigue of high-frequencey readio
communication. Now in its thirty -seventh annual edi-
tion, it is used universally by radio engineers and
technicians as well as by thousands of amateurs and
experimenters. Year after year it has sold more widely,
and now the Handbook has an annual distribution
creater than any other technical handbook in any
ficld of human activity. To manufacturers whose in-
tegrity is established and whose products meet the
approval of the American Radio Relay League tech- “
nical staff, and to distributors who sell these products,
we offer use of space in the Handbook’s Catalog Ad-
vertising Section. 'This section is the standard guide
for amateur, commercial and government buvers of
short-wave radio equipment. Particularly valuable as
a medium through which complete data on products-
can be made easily available to the whole radio
engineering and  experimenting  field, 1t offers an
inexpensive method of producing and distributing a
catalog impossible to attain by any other means. We
solicit inquiries from qualified manufacturers and

distributors.

ADVERTISING DEPARTMENT . ..

American Radio Relay League
. WEST HARTFORD 7. CONNECTICUT

94




ILLINUIS CAPACIITOK.

KNOWN THE WORLD OVER

- Jime Tested, Quality

For more than a quarter of a century
ILLINOIS CONDENSER COMPANY
has been foremost in the development
of ever greater dependability and
longer life in all types of capacitors.
Listed below are only a few of the
more popular — and most recently
developed ILLINOIS capacitor types.

i o7

Standardized twist-prong type. Patented molded terminal constructi
for efficient, stable operation under extreme temperature rangs«
Capacity ranges from 10 to 3,000 MFD and from & to 525 WVDC,

TYPE UMP

Hermetically sealed plug-in octal base type. Especially useful in fix:
or mobile communications equipment. Operating temperature ran
—40°C to -{-85°C. Available in wide ranges of capacities and voltag:

TYPE PE

Popular multiple section types with flexible leads, insulating sleev
and mounting straps. Equally adaptablc for original equipment
replacement purposes. Available in capacities from 10 to 250 M|
at 25 to 500 WVYDC

TYPE IHC

Extruded aluminum can type with screw neck mounting and flexik

TYPE LN |, ds. Capacity ranges from 8 to 80 MFD and from 450 to 600 WVD

Hermetically sealed inverted can type with screw neck mounting a
molded-in terminals. Wide ranges of capacities and voltage ratin:
Meets all government specs.

TYPE UMS

Inverted can type with clamp mounting. Hermetically sealed, shc
resistant with new molded terminal construction. Ideal for use in hic
est quality equipment. Mcets all government specs. Wide capac
and voltage ranges.

TYPE UMT

Popular tubular aluminum can, pigtail type clectrolytic. Inter
riveted construction. In capacity ranges of | to 2000 MFD and frc
6 to 600 WVDC. Also available with solder lug terminals. Suppli
with insulating sleeves.

TYPE IHT

Low leakage-high capacity clectrolytic for power filter packs volta
stabilization, energy storage and photo flash. Capacity ranges up
50,000 MFD to 50 V. and 1000 MFD at 450 V.

TYPE UMC

"Miniature” and sub-miniature electrolytics with patented herme
scals. Especially designed for printed circuits, portable equipme
transistor equipment, end any application where size and weight mi
be kept at an absolute minimum. Capacity ranges from 5 to 20
MFD and from 3 to 250 WVDC available. Aluminum case typ:
Temperature ranges —40°C to -+65°, —30°C to -}-85°, —30°C
-+100°C.

TYPE MS Motor starting capacitors available in bakelite and aluminum cas

Leng wire leads with terminals. Capacities to 5,000 MFD at 115, 2
and 320 YAC.

TYPES SMT
and SMTU

TYPE BT Hermetically sealed bathtub type especially designed to withsta
vibration and shock. Availablz in electrolytic and paper capacii
types for goveinment and commercial use.

ILLINI 300 A new high intensity, low voltage electronic photoflash kit featuri
ELECTRONIC |atest advances in tube, capacitor and reflector design. 100 we
FLASH KIT  sccond output. Uses standard type batteries. Easily assembled, rugge
““BANTAM' rcliable and economical to operate. AC Power Pack also availabl

achnical literature and catalogs
available upon request.
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Here, at Harrison's, in the World's Largest Trading Center,
is where you get the most for your money!—The newest equip-
ment, the best friendly service, the greatest values, the
easiest terms, the “hottest” trade-in deals!
y Nowhere else can you see such a tremendous array of all
R the latest and finest Ham gear, waiting for you to inspect,
y select, try out, then take safely home with you.
¥ So, hurry on in (it really is a shorter trip than you think!)
« to HAM HEADQUARTERS, U.S.A. Bring along your old rig, for
my tip-top trade-in deal. | guarantee you'll go home happy!
-,

~ 75, B FHarrison, wiava,
-

The Electronics Industry is in a large measure - b : e i .
. : : wury (Of course, if you can't visit us, my mail and phone order
based on Radio Amateurs, and their accomplish- ‘4% service is still the best in the world)

Jamatt e ]
ments. ol & igrran
Borkie

It logically follows that HAM HEADQUARTERS, USA
% Ham Headquarters, USA . . . Since 1925"

ARTRN

B L L

is also the dependable supply center for all

o INDUSTRIAL ELECTRONIC
% MATERIEL!

% For quicker service (at factory prices) have your

£ (PAircly wporout, WO 225 GREENWICH STREET, NEW YORK 7, N. Y.

s INDUSTRIAL SALES DEPARTMENT “ewoer®y

' TWX NY1-177 + Cable “Harrisorad” & ek’ BArclay 7-7777

o Y s P, oy pouy NEW JERSEY, DElaware 3-8780

st i ,rwewﬁﬂw”"g*:’“’i. -y gy LONG ISLAND, REpublic 9-4102
q.ﬁ@::‘:‘f | HILLSIDE AVE. at 145 St., JAMAICA
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