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T

HE purpose of this book is to illustrate basic radio

principles by presenting, comparing, and analying

some of the most popular conventional radio and electronic
circuits. All diagrams cover dependable systems which
are in actual use. Each circuit was carefully selected as
the result of many years experience of ALLIED'S Technical
Staff and Educational Division with radio students,
instructors, experimenters and builders.
Fundamental principles are illustrated and explained
by the

Basic Circuits — and the text in the first part of

the book; then the application of these principles to various
components of receivers, transmitters and other electronic
units is shown. Thus the student gains aknowledge of how
and why different circuits operate.
The method of presentation was especially planned to
make this book a useful text for the classroom and for
home study, as well as areliable guide for experimenters
and builders. For purposes of study and class discussion,
actual construction of any unit is not essential.
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Tickler Coil Oscillator

2.

Electron-Coupled Oscillator

single tapped coil operates as two separate cols,
The
two parts of the coil, above and below the tap, are
mutually inductive. Action is similar, otherwise, to
that in the tickler coil oscillator (described at left).
The tube elements, making up the oscillator, are the
cathode, grid and screen grid. Oscillations are trans-

Tdivided by the point at which the tap exists.

rs type of oscillator is used in regenerative receivers
in the converter stage of superheterodynes.
Oscillation is attained by feeding more energy from
plate to grid circuit than the amount required to compensate for the power loss in the grid circuit. Feedback
is accomplished by electromagnetic coupling between
grid and plate coils. When fed-back energy is greater
than the loss in the grid circuit, the tube oscillates at a
frequency governed by coil and condenser values.

ferred to the plate circuit through the electron stream.
Plate current variations do not affect stability.

3 Hartley Oscillator

4 Diode Detector

Tand

Hartley oscillator is commonly used in transmit1 ter circuits. Oscillation is produced by feeding
back, from the plate to the grid, a voltage approximately 180° out of phase with the voltage in the plate
circuit. This is accomplished by sending part of the
plate voltage through the tank circuit, then through
the condenser, and back to the grid. Frequency of
oscillations is approximately the frequency of the tank
circuit. The B tap on the coil should be made at a
point of low R. F. potential.
MITE

4

HE

ACTION of adiode detector is like that of ahalf-wave
rectifier. AC current (the modulated input signal)
coming from the secondary of the transformer, flows
through the plate only on the half cycle when the plate
swings positive. The resulting pulsating DC current
varies in accordance with the amplitude of the positive
half of the modulated wave and produces an audio frequency signal. The condenser across the load resistor
must be large enough to smooth out the RF pulsations but
not too large, or it will short-circuit the audio signal.

ALLIED RADIO CORPORATION

5 Grid-Leak Detector

Gdetector

detector action resembles that of adiode
with one added stage of amplification.
The grid and cathode of the tube serve as adiode with
the grid acting as aplate. The grid-leak resistor and
the grid condenser act as an impedance that matches the
load impedance of the diode detector. The .00015 mf.
condenser in the plate circuit shorts out RF voltage
that may have been amplified by the tube. Amplification of the signal voltage is provided by the plate.
RID-LEAK

7

function of a power supply is to provide DC

that of the diode detector circuit 4. Current flows
only on the half-cycle when the plate is positive with
respect to the cathode. High values of filter condenser
are required to smooth ripple in the tube output since
only one-half the AC wave is rectified, and the resulting
pulsating DC has a6o-cycle AC component. The 5o-ohm
resistor protects the tube against the high current surges
as the first filter condenser is charged and discharged.

grid is biased almost to cut-off because of the

Thigh value of bias resistor, and plate current is pracHE

tically zero with no signal in the grid circuit. When a
signal is received, amplification takes place, but more
plate current flows on the positive half cycles than
on the negative half cycles. This results in demodulation of RF signal in the plate circuit. Filtering of RF
currents in the plate is accomplished by the RF choke
and the .0002.5 condenser.

AC-DC Power Supply

Tpower from an AC line. Operation closely resembles
HE

6 Biased Detector

8 Full Wave Power Supply

diode used here has one filament and two plates.
flows from each plate alternately on its
positive half-cycle and results in pulsating DC, which
is at twice the frequency (II° cycles per second) provided by a half-wave system. The full-wave system,
since current flow is more uniform, is easier to filter
than the half-wave system. The condenser, shown by
dotted lines, increases output voltage but decreases
regulation. Use of apower transformer provides higher
voltages than those available from an AC-DC supply.
THE
HE

5
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9 Power Supply Filter

function of the filter is to smooth pulsating volt1 age, supplied by the rectifier output, into steady
DC voltage. Filter networks may be single- or doublesection types; the latter provides better smoothing.
Filter chokes should have high inductance and low DC
resistance. Current-carrying capacity must exceed total
plate current of all tubes plus any voltage dividers or
bleeder resistors. Condenser voltage ratings should
be higher than voltage between plus and minus.
MHE

II

T

RF Amplifier

" principles of RF and AF amplification are the
same. A small signal voltage impressed on agrid
controls alarge output in the plate circuit. The grid
must be correctly biased, and the tube must work into
the proper load impedance. Bias is obtained from the
3oo-ohm cathode resistor. Input and output circuits
must be thoroughly isolated from each other to prevent
oscillation.
The necessary high load impedance is
secured by use of the parallel resonant circuit. The system amplifies the desired signal and eliminates others.

6

Frequency Converter

Tthe frequency of the RF signal to an intermediate
HE

frequency converter is used in superhets to change

frequency. The tube used is called a "mixer." The
cathode and grids iand z(from the cathode) comprise
atickler-type triode oscillator. Signals from the secondary of the antenna coil mix with the frequency of
the oscillator and result in anew frequency, called the
"intermediate frequency," which is equal to the difference between the two.
12-

Automatic Volume Control

volume control is used to provide constant output despite variations (fading or morethan-normal increase) in signal strength. This circuit
combines circuits 4and it. The rectified DC voltage
developed across the i-meg. diode load resistor is added
to the bias voltage of the IF or RF amplifiers. When the
signal decreases, the IF output tends to decrease,
thereby decreasing the negative bias and increasing
the gain of the amplifier. When the signal increases,
the process is reversed and gain is reduced.
AUTOMATIC
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Audio Voltage Amplifier

Tgrid voltage on the straight line of the grid voltage

HE tube is operated at proper grid bias to keep input

vs. plate current characteristics curve. A small signal
voltage impressed on the grid is reproduced in essentially the same form, but in increased amplitude, in the
plate circuit. The ratio between the signal voltage at
the grid and plate voltage in the load resistance is the
gain of the tube. In this circuit, gain is 140 if the
tube used is a 6J7, 57, 6C6 or 6W7G.

is

Audio Phase Inverter

HE function of the phase inverter is to feed signal
0 out of phase with each other, to the
grids of apush-pull stage. When the grid in one tube
is swung positive, the grid of the second is swung negative by an equal amount. The output AC voltage from
the first triode appears across RIand Rz. The portion
across R.t is fed to the grid of the second triode, and its
output appears across R3 and R2- but out of phase with
the voltage from the first triode. These out of phase
voltages are fed to the grids of the P.P. amplifier.

Tvoltages, 180

14

Power Amplifier

A tortionless

POWER amplifier must supply large amounts of dispower to the loudspeaker.
Power
amplification is, therefore, more important than voltage amplification. A 6F6, 2.A5 or similar type pentode
tube may be used with the values of the components
shown in the above circuit. The output transformer
must have the proper ratio to match the output of the
tube to the speaker voice-coil. This circuit is capable
of 3watts output.

16

Push-Pull Power Amplifier

wo 6F6 tubes are used in this amplifier. The same

Tvalue of voltage is applied to the grid of each tube,

but voltages are i8o° out of phase. The outputs of
the tubes are combined by the center-tapped output
transformer. The direct currents in the two halves of
the primary are in opposite directions, and so DC
saturation is impossible. AC hum is eliminated because
the two halves of the primary balance each other.
P.P. provides more power per tube at less distortion.
This circuit develops nearly to watts of power.

7
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Knight iTube DX-ER
i
-tube DX-ER is a regenerative type receiver.

TRegeneration (see basic circuit Fig. i) has the effect
HE

of increasing the overall efficiency of a circuit. Add
to this the fact that the tube in this circuit acts as an
amplifier, and it can be seen that a high degree of
efficiency is attained. DX (long distance) reception
on the regular broadcast band as well as on the shortwave bands is feasible with the i
-tube DX-ER.
When the regeneration control (5), which controls
the amount of energy fed back to the tuned circuit, is
advanced beyond acritical point, the circuit begins to

oscillate. Circuit efficiency increases up to this critical
point but not beyond it. When the circuit breaks into
oscillation, its value lies only in its ability to permit
code signals (C.W.) to be heard. In code reception the
R.F. produced by oscillation "beats" with the RF of
the incoming signal and produces an audible note.
The tube acts as oscillator, grid leak detector and
amplifier. Low amplification triodes make the best
detectors in circuits of this type. Amplification is insufficient for loudspeaker performance but is adequate
for headphone reception.

Knight /Tube DX-ER
TN this circuit one stage of audio amplification is added to the regenerative detector in order to increase
output (volume) beyond the amount available from
the 1-tube DX-ER. The amplification and audio power,
while providing better headphone performance, are
still insufficient for loudspeaker performance.
Because the grid resistance of an audio amplifier
is high, the detector stage plate circuit is only a
light load as compared with headphones used in the
one-tube set above. It is possible, therefore, to use a
tube having ahigher amplification constant as adetector. The II-I5G is atube of this type.
The IINT5G screen-grid tube, used as an audio amplifier
in this circuit, requires high-resistance headphones—
the higher, the better. Good operation is possible,

however, with headphones having a resistance as
low as i,00d ohms. Regeneration control procedure is
the same as for the i
-tube DX-ER.
The antenna trimmer condenser affects the "loading"
of the detector circuit. Antennas "resonate" at fre-‘
quencies depending upon their length. At resonant
frequency, energy will be drawn from the detector
circuit. If the capacity of the antenna trimmer condenser is too high, regeneration will be adversely affected. Therefore, at antenna resonance, it is necessary
to reduce the capacity of the antenna trimmer condenser.
At other frequencies the capacity may be increased for
greater pickup. The antenna trimmer condenser should
be operated at the lowest possible capacity consistent
with good reception.

Knight 3Tube DX-ER
ins 3-tube circuit of abattery-operated receiver has
a radio frequency amplifier stage ahead of the detector and a power amplifier following the detector.
The IN5GT tube used in the I-tube DX-ER as an audio
amplifier serves here as an RF amplifier and includes an
additional tuned circuit which increases selectivity. As
an RF amplifier it also provides aconsiderable increase
in sensitivity (distance getting ability).
Any inter-action between the tuned circuits on each
side of the amplifier tube may cause the tube to oscillate. The coils should be well separated, or agrounded
metallic shield should be used between, or over, them.
Connections to the grid and plate terminals of the tube
socket must be well separated. To make sure that

T

interaction does not occur in the "B" voltage circuit,
"decoupling" must be used. This is taken care of by
the .00x mfd. condenser and ioo,000-ohm resistor connected in the grid return of the RF amplifier.
Volume is controlled by varying the bias on the RF
amplifier tube. Bias for the output tube is obtained by
connecting the grid return of the IC5GT tube to the
lower end of the 600-ohm resistor which is at anegative
potential. A so,000-ohm potentiometer is connected
across the 600-ohm resistor. Varying the rotating arm
varies the bias to the IN5GT tube. The higher the
bias, the lower the amplification. The 3-tube DX-ER
will operate a magnetic or a PM dynamic speaker.
With the latter amatching transformer is required.

9
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1Tube
AC-DC
Circuit

ins is one of the simplest of all self-powered circuits.

TIt uses only one ii7N7GT tube and operates from

any 117-volt AC-DC line. The tube serves the double
function of rectifying AC line voltage and as agrid-leak
regenerative detector. Neither a transformer or a
dropping resistor is required. On AC operation the
diode section of tube operates as a half-wave rectifier.
Since this circuit is intended primarily to provide
good performance from weak and distant stations, a
5oo,000-ohm screen-voltage dropping resistor is used.
This reduces the power necessary for speaker operation
but improves reception from distant stations.
The control of regeneration is accomplished by bypassing the RF voltage across the tickler coil. A potentiometer controls the degree of by-passing.
Because no power transformer is used, an AC-DC
receiver is not isolated from the house-lighting circuit.
The receiver circuit becomes a part of the power line.
No external ground is used. An electrical ground is
obtained through the house-lighting circuit. For this
reason care must be exercised in handling an AC-DC
receiver in order to avoid asevere shock. Metal chassis
and panels are isolated from the circuit to protect the
operator in case he accidentally touches the panel and
an external ground, such as aradiator, at the same time.

IO

ALLIED RADIO CORPORATION

AC-DC
Ocean-Hopper
Circuit

milis circuit represents one

ofth
e

most effi-

T
1 cient of the simple AC-DC type receivers.

It has sufficient amplification to pick up shortwave stations from all over the world and will,
on powerful local stations, provide loudspeaker performance. A 22.SJ7GT is used as an "electron-coupled" regenerative detector. The cathode, control grid and screen grid elements of
the tube are connected as an oscillator, and
since the tube is a pentode, it provides considerable audio amplification. Instead of using

RE GENE RATION
CONTROL
SON-OTT SWITCAI

IS IMP
VARIASLE
CORO.
ANT.
CORP.

TO STATOR Or
TUNING CONO.
ON TOP Or
CHASSIS

.NSuLATING
WASNERS

atickler coil to provide regeneration and oscillation, as in the previous regenerative detectors,
these functions are obtained by connecting the
cathode of the 22_SJ7GT part way up on the
coil. That part of the coil between the tap and
buss (see schematic above) represents the
"tickler coil" and is in the cathode to screen
grid circuit. The mutual inductance between
0
the two parts of the coil, together with the
action of the tube, produces oscillation. Regeneration is controlled by varying the DC
voltage on the screen grid. Increasing the voltage
increases regeneration.
The 7oL7GT is adual-purpose tube. It consists of a
beam tetrode amplifier and ahalf wave power rectifier.
The circuit shows how the output may be connected to
either headphones or aspeaker.
The two .0002.5 mfd. condensers between each side of
the RF choke and ground filter out any radio frequency
voltage in the output of the detector.
The .o6 mf. coupling condenser passes the audio signal from the detector to the power amplifier without
passing DC which would adversely affect the grid volt•

COIL

G
OUTPUT
TRANS.

PHONES

age on the power amplifier tube.
Akin the case of all AC-DC receivers, the filaments of
the tubes are connected in series with each other and
with a15o-ohm, 2o-watt resistor. The resistor drops
the 217 volts supplied by the house-lighting power
line, to the 8z volts required by the tubes in series.
The coils are standard plug-in types and are designed
for use with 140-mmfd. (.00014 mf.) midget variable
condensers.
In general, regenerative detectors are characterized
by high sensitivity and will receive either phone or
code signals without circuit changes.

ix
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Bandswitch
3
AC-DC
TRF

is designed essentially for reception on
1 the broadcast band, but the coils are tapped so one
short-wave band may be tuned. The variable tuning
condenser has two sections, each with acapacity of 365
mmfd. (.000365 mf.). This condenser, together with the
proper coil, tunes the entire broadcast band.
The RF amplifier circuit is astandard type designed
around a 223K7 tube. Volume is controlled in this
stage by varying the grid bias. A 15,000 ohm potentiometer is used in series with a30o-ohm fixed resistor in
the cathode circuit. The 300 ohm resistor establishes
the fixed minimum bias recommended for this particular
tube for optimum operation. As the arm, terminal
No. 2. on the volume control, is moved away from
terminal No. 3, additional resistance is added to the
cathode resistor. This increases negative bias and decreases amplification (volume).
The 12_SJ7 tube is a "cathode-biased" power-type
detector, so called because it is biased by ahigh value
resistor (5o,000 ohms in this case). This type of detector is superior to the grid-leak type in that it will
handle stronger signals without distortion.
The output of the detector stage carries only audio
signals. Therefore, the values of the constants used in
the screen-grid and plate circuits are those specifically
required for audio amplifier service. A /-megohm

resistor drops the voltage on the screen-grid, and a
500,00o-ohm resistor is used as a plate load resistor.
Wiring of the 7oL7GT power and rectifier stage is
similar to that of the "Ocean Hopper." The field coil
on the speaker receives excitation current from the receiver power supply and also serves as afilter choke.

ALLIED RADIO CORPORATION

5Tube AC
Broadcast
TRF

ins circuit comes close to representing the

Tperfect tuned-radio frequency receiver. Two

RF stages and abiased detector, each having
tuned input, are used. These provide ahigh
order of selectivity. Three variable condensers
are ganged on asingle shaft so that tuning may
be controlled by asingle dial.
The principal difference between this circuit
and those previously described is in the power
source. Note that apower transformer is used
in the power supply circuit. Because of this,
the receiver will operate only from no volts,
6o cycles, AC.. The no volts supplied by the
power line to the primary of the transformer is
stepped up to about 600 volts, AC, in the highvoltage secondary (between Nos. 5and 9 on
the transformer). Use of the center tap (No.
7) cuts this voltage in half, but permits fullwave rectification with asingle rectifier tube.
With full-wave rectification, filtering is comparatively simple. The net DC voltage available for
the plate circuits of the tubes is about 7_75, whereas in
AC-DC circuits the maximum is about 130 volts. The
tubes, operated at the higher voltages, work at greater
efficiency. All heaters are operated at close to ground
potential, thereby reducing the tendency towards leakage between heater and cathode.
With the exception of afew special cases, cathodes

and screen-grids are always by-passed for AC voltages
whether RF or audio. The screen-grid merely carries a
DC potential. The tone control, indicated as optional,
operates as avariable by-pass of audio frequencies. Its
effect is much greater at the higher audio frequencies,
and the ratio of high to low audio frequency attenuation increases as the resistance of the potentiometer
is reduced.
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5Tube AC-DC Superhet
circuit has many unusual features that make it
It is so designed that the heaters
of the tubes, connected in series, may be operated
directly from the ii5-volt line without a dropping
resistor. The heaters add up to 112_8 volts, but will
operate from line voltages as low as ro5.
The rzSA7 tube is the converter. It produces local
oscillations at afrequency which can be varied. These
oscillatitins beat with the incoming signal, and the
combination of the two signals produces abeat signal
known as the heterodyne signal. The name "Superheterodyne" is derived from the action. Heterodyning
is used to change the incoming signal frequency to a
predetermined intermediate frequency (known as I.F.)
of 456 KC. The loop antenna is nothing more than an
antenna coil, wound so that it is large in size and
therefore capable of direct pickup of radio signals
without the necessity for an external aerial. It has a
primary, like aconventional antenna coil, consisting of

Tworthy of study.
HIS

14

two or three turns of wire wound around the edge of
the loop. The ends may be connected to an external
ground and antenna for greater pickup.
In order to obtain an I.F. frequency of 456 KC, the
oscillator must produce RF voltage at a frequency
which is 456 KC higher or lower than the incoming signal frequency. In broadcast band receivers it is customary for the oscillator to be 456 KC higher. While
the antenna section of the two-gang tuning condenser
tunes the loop to resonate with signals from 1730 KC to
540 KC, the oscillator section of the tuning condenser
varies oscillations from /186 KC to 996 KC. The
oscillator section of the tuning condenser has alower
maximum capacity. The oscillator coil has lower
than the antenna coil, or loop, and the
oscillator section of the condenser and oscillator coil
are designed to "track" with the antenna circuit.
The I.F. stage amplifies at high efficiency because its
function is to amplify only one fixed frequency. It is

.
inductance

ALLIED RADIO CORPORATION

5Tube AC-DC Superhet
also possible to obtain high amplification because of
the comparatively low I.F. frequencies.
The converter and the I.F. tubes secure minimum
fixed grid bias in arather clever way. A DC negative
voltage appears at the grid of all oscillators. In this
circuit the oscillator portion of the converter tube produces anegative voltage at the control grid (terminal
marked "G„,") of the n.SA7 tube. A negative grid bias
voltage for the converter and I.F. tube is taken from
this point. It is reduced to the proper value by the
Io-megohm resistor.
The triode amplifier portion of the n_SQ7 detectorAVC-audio amplifier stage is biased by contact potential. This method of biasing is explained fully in the
description of the 4-watt amplifier. The negative side
of the DC voltage developed across the volume control,
which is here the diode load resistor, is connected
through the two-megohm resistor to the negative
returns on the converter and I.F. stages. This is the

A.V.C. (automatic volume control) circuit.
The power stage is conventional except for the .ca
mf. condenser which supplies an out-of-phase voltage
from the plate to cathode, resulting in inverse feedback
for improved quality.
The speaker is amagnetic type with an impedance
high enough for direct connection to the output stage.
A dynamic would require amatching transformer.
The power supply does not require achoke because
capacitance values are sufficiently high for good filtering. The 35Z5GT rectifier has atap on its heater for
connection of the pilot lamp. The plate connection of
the 35Z5GT is also made from the tap rather than in
the customary manner off the 115-volt line. With this
arringement the lamp burns dimly when the set is first
turned on and comes to full brilliancy as the tubes warm
up sufficiently to provide plate current. This prevents
pilot lamp burnouts. It also absorbs current surges
to the filter condenser.

15
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the operation of an FM receiver is described,

Bit is well to review briefly the theory of FM transEFORE

mission. Unlike amplitude-modulated (AM) transmission in which the RF wave varies in amplitude to
correspond with the impressed audio signal, frequencymodulated transmission does not affect the amplitude
of the wave. It permits the wave amplitude to remain
constant but varies wave frequency in accordance with
the modulated signal.

1
1111à11111111 1111,1111111illilll
Illh,lifffITE11111111 111111111ffil
Amplitude Modulation
Frequency remains constant.
Amplitude is modulated.

Frequency Modulation
Amplitude remains constant.
Frequency is modulated.

If the carrier frequency of an FM broadcast station is,
let us say, 44 megacycles, its frequency under modulation may shift as high as 44,o75 KC and as low as
43,92_5 KC. From this it is seen that a single FM
broadcast station may cover aband width in the radio
frequency spectrum of as much as xo KC. This is why
FM broadcast stations are located in the ultra-high
frequency bands where there is agreat deal more room
for wide-range high-fidelity transmission than in the
regular broadcast band.

Wide Range Reception
The FM receiver is basically asuperhet with certain
changes which result in two major advantages: widerange frequency response and elimination of interference. To increase range, the IF transformers are loaded
by resistors. This reduces amplification, however, and
so an extra stage of IF amplification is often required.
The Limiter
The limiter keeps the FM wave at apredetermined
level (see illustrations at left) at which it should consist only of the carrier and the modulated intelligence.
Any interference picked up by the wave increases its
amplitude, and it is this additional amplitude which is
taken off by the limiter. The grid of the limiter tube
is operated without fixed bias. A high resistance,
shunted by asmall capacitance, is used in the grid circuit. The grid draws bias current from the applied
signal. This current flows through the grid resistor, and
the resultant bias limits the gain of the tube. The tube
plate is operated at alow voltage so that it wig handle
desired signals but will be pushed past saturation point
by noise or interference.
The Discriminator
The discriminator is somewhat similar to a second
detector stage in astandard superhet. Its function is to
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separate the audio signal from the frequency modulated
wave. A center-tapped discriminator transformer is
used. Voltages at the ends of the secondary are 180° out
of phase with each other and so, at unmodulated frequency, they are balanced and no voltage exists. At a
modulated frequency, since an additional signal voltage
is carried, aphase shift occurs between the ends of the
secondary, and a voltage difference, duplicating the
impressed signal, results in the detector.
The circuits shown here end at the output of the
discriminator stage. Amplitude and power at this
stage are insufficient for loudspeaker operation, and so
asuitable amplifier must be added. The 4-watt "HiFi" amplifier, described in this book, can be used. The
output of the FM receiver is connected to the phono
input of the amplifier. Whatever amplifier is selected,
it should be ahigh-fidelity type with aflat frequency
,response up to it,000 or 15,000 cycles, the maximum
range of FM transmission. It should have greater
power output than that normally required for home
recqption in order to handle the extreme dynamic
range of FM.
The speaker, too, must have wide frequency characteristics. The ideal speaker system for FM reception

is the dual type, consisting either of two speakers or of
acoaxial type, which is adual speaker with one speaker
concentrically mounted. A single speaker cannot properly handle the full frequency range. The dual speaker
systems are designed so that one speaker (the smaller)
carries high frequencies; and the second speaker (the
larger) carries the low frequencies. A special filter
system divides the frequencies for the speakers.
For best results the antenna should be designed for
FM reception.
As explained in the description of
regenerative receivers, all antennas have a resonant
length. The length of an FM antenna should be calculated so that it resonates at FM frequencies. The
antenna shown below is an excellent FM type.
"01-POLE
- 5 - 4" -

F.M. ANTENNA

.1

FEEDERS
—

TO F M. TUNER

(ANY LENGTH)

ANTENNA

CONNECTIONS
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OF TUBES

Receiver
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SCHEMATIC DIAGRAM
RECEIVER

Tthe flexibility of radio parts and is espeE

Radio Lab Kit was designed to portray

cially interesting to beginners. Six different
circuits, performing six separate functions, all
use the same parts. The circuits were designed
around the use of only three tubes which were
carefully selected with aview toward efficient
operation at low power consumption. Low
plate voltages are used to reduce hazard when
construction is performed by the younger and
less experienced experimenter. Total power
consumption from the house lighting circuit is
only ten watts. All of the tubes, including the
rectifier, operate from acommon filament winding on the transformer. A relay, used in the
capacity-operated relay circuit, serves as a filter choke
in other circuits.
Receiver
The receiver will provide headphone reception from
stations within twenty-five miles. A small speaker can
be operated when receiving the more powerful local
stations.
A grid leak detector is used. Both the variable condenser and the antenna coil which is used with it are of
values to tune the broadcast band. The grid and
cathode of the 6J5GT tube are connected as a diode
rectifier which rectifies the AC radio-frequency current
developed by the tuned circuit and produces aDC voltage across the two-megohm resistor. This voltage
varies in value to correspond with the modulation of
the carrier. The varying voltage which appears at the

grid of the tube controls the amount of current passing
from cathode to plate and results in a varying unipotential current in the 4o,00ce-ohm plate circuit of the
tube. The AC component of this voltage passes through
the .or mf. condenser to the input of the amplifier tubes.
The zoo-ohm resistor in the cathode circuit of the
6K6GT tube develops the bias voltage for the amplifier
tubes by means of the DC voltage drop in the resistor.
The polarity of the voltage drop is "plus" at the
cathode side of the resistor and "minus" on the other
side. The "minus" voltage is impressed upon the grid
of the amplifier tubes through the z5o,000-ohm grid
resistor and makes the grid negative with respect to the
cathode, which is as it should be. The negative voltage depends upon the value of the cathode resistor and
the amount of current passing through it. This method
of biasing is used for most power amplifiers.
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Beginner's
Radio
Laboratory
Audio
Amplifier

Tsystem or as a "detectophone"

ins amplifier may be used in apublic address
to cover
conversations taking place in another room.
When used as an amplifier, amagnetic speaker
is required. As a "detectophone" the speaker
should be replaced by headphones. A microphone, placed in the room in which the conversations are taking place, can be connected
to the amplifier with 2.-conductor wire such as
ordinary lamp cord.
The coil and condensers, shown in the pictorial diagram, are not wired into the circuit.
They are left in position for convenience in
wiring other circuits. The 6J5GT serves as a
mike amplifier. No grid biasing is used. The
voltage to the plate of the 6J5GT tube is low enough
so that saturation does not result even without bias.
Note that the cathode resistor for the 6K6GT is not
by-passed. This results in inverse feedback.
The microphone to be used with this circuit is ahigh
resistance carbon "home broadcasting" type. It obtains operating current through the 15 ,000-ohm resistor. As the microphone is used, current going through
it varies. The AC component of the varying current
passes through the .005 mf. condenser into the amplifier and is amplified as described in preceding circuits.
Record Player
The diagram at the right shows the changes necessary to convert the broadcast station into a wireless
record player, and the amplifier into astandard record

player. The resistor shown is the one already connected
to the grid of the 6J5GT. Any high-impedance type
magnetic or crystal phono-pickup may be used. The
15 ,000-ohm resistor used for the microphone, in the
amplifier circuit, should be omitted.
6J5GT

CRYSTAL OR
MAGNETIC PHONO
PICK-UP
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Beginner's
Radio
Laboratory
Broadcast
Station
Broadcast Station
xis circuit is a standard type and follows
transmission described for the 7-X meter transceiver. In this
case, however, transmission takes place on the
broadcast band.
The 6K6GT tube is used in aHartley oscillator. The relay acts as amodulation choke
with the 6J5GT amplifier stage as the modulator. This method of modulation is known
as "Heising" modulation.
A ro,000-ohm resistor replaces the relay for
the filter circuit. This helps produce adequate
filtering action and a sufficient plate voltage
drop to keep the power of the radiated signal
at aminimum and within the limits specified by law.

Tthe principles of phone

How The Microphone Operates
A microphone transformer is not required. The
microphone intended for use with this circuit and the
preceding one is the inexpensive high-resistance "home
broadcasting" carbon type. Operation of the carbon
mike is based on the fact that amass of carbon granules
offers resistance to current, depending on pressure applied to the carbon. Speaking into the mike causes the
diaphragm to vibrate against the carbon, thereby varying pressure against it and producing corresponding
changes in resistance. Microphone current is obtained
from the power supply section through a 15,000-ohm
current-limiting resistor. The resulting AC component

is passed through the .or mf. condensér to the input
circuit of the modulator tube.
It is important that only avery short antenna is used
in order to prevent interference with reception in
neighboring receivers. This transmitter is not aprofessional type. It is intended only for home entertainment and party stunts where some members of the
group, located in one room, put on a"radio program"
to be picked up on areceiver located in another room
in the same house.
The input of the modulator stage may be converted
for record-playing purposes. Instructions, and adiagram
showing the simple connections necessary for conversion, appear on the preceding page. The resultant
instrument is an excellent wireless record player.
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Beginner's
Radio
Laboratory
Code
Practice
Oscillator
code practice oscillator has been de-

Tsigned to serve adouble purpose. It may be
HE

115 V. A.G.

used for individual or group code practice. For
individual use it is necessary only to connect a
pair of headphones to the "phones" terminals.
Keying the oscillator produces an audio tone
in the headphones. For group use the oscillator may be tuned on any standard broadcast receiver, and the audio tone will be reproduced
by the loudspeaker of the receiver.
Only two tubes are used. The 6J5GT socket
in the pictorial is not wired into the circuit. It
remains mounted to the board, and its terminals are used as tie-points for convenience in
wiring this oscillator.
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The Oscillator Circuit
The 6K6GT serves in a Hartley oscillator.

0 o RELAY

TRANS.

PHONES

Circuit

values are selected, however, so that the tube oscillates simultaneously at two frequencies, an audio and
aradio frequency, in aprocess similar to the one developed in the super-regenerative receiver in the 2.34
meter transceiver described on page 2_6.
The radio frequency signal transmitted by the oscillator is modulated by an audio frequency tone which,
when picked up in a standard receiver, results in a
continuous tone from the speaker.
Connecting the Key
The key, connected in the cathode circuit of the oscil-

lator tube, makes and breaks the plate current and permits formation of dots and dashes for transmission of
radio code. The to,000-ohm resistor across the key
terminal reduces current surges and results in cleaner
keying. The key is connected in the cathode circuit to
keep it on the negative side of the plate voltage. This is
standard practice in larger transmitters and is followed
as precautionary measure against shock. Current flowing in the plate circuit of atube also flows through the
cathode circuit. An interruption of cathode current
will, therefore, provide the same results as an interruption of plate current.
An antenna is not required. Radiation from the coil
alone is sufficiently strong without an antenna.
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Beginner's
Radio
Laboratory
CapacityOperated
Relay
Capacity-Operated Relay

T

Capacity-Operated Relay is an oscillator
and relay system which operates by means
of an increase in capacity introduced into the
circuit by approximation or contact with a
human body. Operation is simple. A 6K6GT
tube is wired as an oscillator. In oscillating
condition, the grid voltage developed across
the 2.5o,000-ohm resistor is quite high, and
consequently plate current will be too low to
actuate the relay and close its contacts. As explained earlier in this book (see description
of regenerative receivers), an antenna connected
to an oscillating circuit will absorb energy.
The wire connected to one side of the coil in
the capacity-operated relay circuit serves as an antenna.
If this wire is sufficiently short, and in this case it is, it
will not absorb enough energy to materially affect the
circuit constants, and so the relay will remain open.
When aperson touches the wire, his body serves as an
additional antenna and absorbs enough energy to reduce the bias voltage on the tube. This results in alarge
enough increase in plate current to operate the relay.
The relay may be used to ring bells, turn on lights, or
operate any number of devices.
HE

Applications
The system has anumber of interesting applications.
It serves as adependable burglar-alarm when wired to a
doorknob, or to awire which has been fastened around
the edges of awindow casing. When someone touches

12.

the doorknob or window casing, sufficient change
in capacity results to provide operation. An application which is becoming increasingly popular is in connection with displays in store windows. A person attracted by awindow display walks toward it. When he
gets close enough, the capacity of his body helps to
actuate the relay which automatically turns on afloodlight, or arecord player presenting asales message. In
this application a large metal plate, connected to the
relay by wires, is usually placed in an inconspicuous
position close to the front of the window. Body capacity affects the metal plate, and performance follows
the pattern already outlined. If the device to be controlled requires more than 5amperes, an auxiliary power relay must be connected to the terminals of the relay
in this circuit.

ALLIED RADIO CORPORATION

OUTPUT GREEN

.
0
11^
1F:

50 000

40,00011

WIND LOOSELY
AROUND GRID OF
LAST I.F. TUBE

n

-1 PAn

Su

SG

Bear

250 MMF

Frequency

e BLU.

<Z>
RD.

Kz).
g
g

--vvvvoopoo n.

BLK.
RD.

BLU.
CHASSIS

Oscillator

SW.

V
8+

BR.

I8LK.

V
FILAMENT

BEAT frequency oscillator, coupled to the

A I.F. channel of areceiver, makes possible

the audible reception of code (CW) from any
receiver which is capable of picking up shortwave signals. In this circuit astandard B.F.O.
coil is used as a cathode-tapped oscillator.
The two sections of the coil are connected and
may be considered asingle continuous winding.
The cathode tap is taken from the point where
the two sections meet.
The intermediate frequency of most superheterodyne receivers is either 455 or 465 KC.
A 455-KC B.F.O. transformer may be adjusted,
by means of atrimmer, to vary from 450 to 515
KC. For receivers of other intermediate frequencies an appropriate coil must be selected.
The tube used may be any one of the screen
grid RF amplifier types which will operate from the
filament voltage supplied by the receiver.
The plate voltages are obtained from the screen grid
of the power tube in the receiver.
The oscillator is an electron-coupled type (see basic
circuit 2_). The output of the oscillator is taken from
the plate of the tube through a .oi mfd. condenser
which passes the radio frequency voltage but does not
pass the DC in the plate circuit.
Coupling to the receiver is made by winding an

insulated wire from the plate of the oscillator around
the grid lead of an IF tube. Coupling must be loose
and should be adjusted when aweak signal is received.
If coupling is too tight, oscillation produced by the
B.F.O. will block weak signals.
In operation the B.F.O. oscillator condenser is adjusted close to the IF frequency of the receiver. The
frequency of the audio tone produced will be equal to
the difference between the signal in the IF channel and
the frequency of the B.F.O.
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Knight
Junior
Amateur
Radio
Station

r
mus Station consists of an autodyne regenerative
1 receiver and a15-watt crystal-controlled CW transmitter, both operating from a single power supply.
In the receiver, the cathode lead of he detector is
tapped part way u'p the secondary of the antenna coil
and a ioo-mmf. tuning condenser is used. In addition,
a 35-mmf. "vernier" condenser is connected between
the bottom of the coil and a point somewhat below
the top of the coil. The closer to ground the top
connection to the coil is made, the finer will be the vernier action of the condenser. The audio amplifier is built
around the type 6C5 triode amplifier tube.

74

Since amateurs are particularly interested in reception
on the amateur band, the receiver circuit was designed
for amateur band coverage only. The coils, therefore,
should be hand-wound to cover only the amateur frequencies. The primary (L) of the coil for the 8o-meter
band should have ten turns of No. z4 D.S.C. wire, close
wound. The secondary , winding (Li) should be oneeighth inch above the primary and should have atotal
of twenty-seven turns of wire with the cathode tapped
one and one-quarter turns up from the ground side.
The tap for the bandspread condenser should be from
two to ten twits from the top of the winding.
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Knight
Junior
Amateur
Radio
Station

The transmitter is acrystal-controlled "tuned gridtuned plate" oscillator. It is similar to the standard
crystal-controlled tetrode oscillator except that it has
an RF choke with a .000t-mf. condenser across it,
hooked in series with the cathode of the 6L6G tube.
The frequency controlling element of the transmitter
is the quartz crystal. When excited by feed-back from
the plate of the tube (resulting from the internal grid to
plate capacity) the crystal vibrates mechanically at its
specific radio frequency.
The tube merely amplifies the voltages produced by
the crystal. Output efficiency from an oscillator is ob-

tamed when the output "tank" coil (L2. and the mommf. variable condenser in parallel with it) is tuned to
resonance. This coil consists of thirty-eight turns of
No. 12_ D.S.C. wire, wound on a1X-inch diameter form.
The pickup link (L3) consists of three turns of wire.
This coil is for 8o meter operation. Either an 8o or 16o
meter crystal may be used.
A resonant antenna is absolutely essential for dependable operation of the transmitter. It may be constructed exactly as diagrammed for the FM receiver except
that the overall length of the top of the antenna should
be 131 feet for operation on the 8o meter band.
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SCHEMATIC DIAGRAM
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indicates that the instrument is built

1 as asingle unit to alternately perform the functions
of reception and transmission. This circuit diagram
covers a
meter amateur transceiver for use in the
range between Ili and 116 megacycles.
Selection of Tubes
Any triode with low interelectrode capacities, such
as the 76, may be used in this circuit as an oscillator or
super-regenerative detector. The type e tube serves as
the modulator or audio amplifier. When used as a
modulator, its grid circuit is excited by asimple singlebutton microphone, connected to an appropriate mike
transformer in series with a734 volt battery.
The position of the switch determines whether the
tubes are to be used for receiving or transmitting.
When the switch is in the "R" (receive) position, the
output of the 76 tube as adetector is connected to the
grid of the 41 tube. The audio frequencies are amplified
and impressed upon the headphones which are in the
plate circuit of the 41 tube. One lead from the phones

2.6

is switched to the ground to complete the circuit.
When the switch is in the "S" (send) position, the
plate circuit of the 76 tube is connected in parallel with
the plate circuit of the 41 tube. The junction of the
5,000 and z5o,000-ohm grid leak resistors is grounded.
Only the 5,000-ohm resistor, then, is effective as agrid
leak. This results in lower grid bias, higher plate current and stronger oscillations for transmission.
The values of the component parts used in connection
with the detector, especially the value of the grid leak,
causes the detector tube to oscillate at asuper-regenerative frequency in the receive position. Actually the
tube oscillates at two frequencies, one at the RF frequency in the 2.34 meter band to which the coil is
tuned, the other at a frequency above the audio spectrum, depending upon the value the grid-leak used.
Super regeneration is also the result of the fact that the
grid leak return is to +B rather than ground, which
would be the conventional practice. A super-regenerative detector is extremely sensitive—much more so
than an ordinary type regenerative detector. It is not
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used on other bands because it tunes too broadly and
would pick up transmissions from several stations at
once. It is ideal, however, for reception of signals from
other transceivers because the transmitted signal, in the
high-frequency area used, is normally broad. Superregenerative receivers are so sensitive that electron noise
in the tube can be heard as ahiss in the headphones.
The hissing is apparent, however, only between stations. It disappears when asignal is picked up.
The coil used consists of four turns of No. 14 wire,
wound on ahalf-inch form.
The antenna connection is for a "buggy whip" antenna, an ideal type for mobile work.
A higher

antenna, connected to the transceiver by means of
feeders, as in the case of the Junior Amateur Transmitter and FM Receiver previously described, may be constructed like any other resonant di-pole antenna except
that the overall length for IX meter work should be
about four feet. The feeders should terminate in aloop
of about one or two turns of wire, coupled to the coil.
The distance between the coil and loop should be varied
until best operation is obtained.
Any power supply having an output of 6.3 volts AC
and 2.5o to 300 volts DC at 75 MA may be used. Batteries can also be used with good results, but battery life
will be rather short.
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"Communications 5" Superhet
of circuit and economy in the use of parts

Swere the main considerations in the design of this
IMPLICFIT

five-tube "Ham — receiver. Essentials for good operation were, of course, carefully maintained.
The circuit is superior to those used in the Junior
Amateur Radio Station and in the i meter Transceiver. It is more selective, a highly desirable feature in
the crowded Amateur band, and has the sensitivity
necessary for DX reception. Basically a conventional
superhet, it varies somewhat from common types.
The ordinary communications-type superhet requires
aminimum of seven tubes. By using two dual-purpose
tubes, only five are necessary in this circuit.

confused with the usual multi-grid converter.

Use of

the 6K8 results in excellent stability and less pulling
effect by the RF portion against the oscillator on the
higher frequencies.
The coils in the antenna and
oscillator section are of the plug-in type and are easily
changed when switching bands. Each coil is connected
to a njo-mmf. midget' variable condenser for accurate
"band-setting. — The condensers are tuned until the
amateur band at which operation is desired, is found.
Actual tuning of the signal is accomplished by means of
a3o mmf. variable condenser connected in parallel with
the oscillator band-setting condenser. On the wider
amateur bands aslight readjustment of the band-setting

The High Frequency Converter

condensers will be necessary for tuning various parts
of the bands.

A 6K8 tube acts as acombination first detector (also
known as a converter) and high-frequency oscillator.

The Intermediate Frequency Stage

Actually, the 6K8 is two tubes built into one envelope,
aconverter and aseparate oscillator, and should not be

The output of the converter stage is to a 2500 KC
iron-core IF transformer. The use of 15oo KC for an

2.8
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"Communications 5" Superhet
intermediate frequency results in very good image
response.
Air-core IF transformers would be less
efficient at this frequency than at the conventional
455 KC intermediate frequency. The 6SK7 tube is a
multi-grid super-controlled R.F. amplifier tube with
all elements terminating at the bottom. This permits
shorter connections between the socket terminals and
other parts of the circuit. It is important that the
grid and plate connections be as short as possible and
well separated from each other. Volume is controlled
by varying grid bias on the 6K8 and 6SK7 simultaneously by means of the io,000-ohm potentiometer.
The output of the 6SK7 is fed through an output
IF transformer to the grid of one triode of a6C8G twin-

ceding IF stage. The other triode of the 6C8G tube is
the foundation for a beat frequency oscillator circuit
which is necessary for receiving CW (code) signals. A
switch is included for cutting out the B.F.O. when
reception of phone stations is desired.
The Power Stage
The output of the detector is fed through a phone
jack into the input of a 6F6 power amplifier stage. A
novel method of inverse feedback is used. The cathode
resistor is not by-passed, and a.o5 mfd. condenser, con-

triode tube. This triode is connected as a cathodebiased detector. This is the only type of detector which

nected between plate and cathode, feeds an out-of-phase
signal back to the input. Inverse feedback reduces
hum and improves quality.
Inserting aplug into the phone jack cuts off the output stage and speaker.

amplifies asignal and yet does not "load — the IF transformer connected to it. Elimination of this loading

The power supply is conventional except that the
filter choke consists of the i,000-ohm speaker field on

effect increases amplification and selectivity of the pre-

the electro-dynamic speaker.
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Code
Practice
Oscillator

"-rims code practice oscill ato ri
s one of th
e
..1. most recent in design and incorporates
many excellent features. The use of ait7L7GT
tube permits direct operation, without dropping resistors in the filament circuit, from an
AC or DC line which has an output ranging
anywhere from 105 to 115 volts. The tube is a
dual-purpose type with abeam tetrode amplifier and diode rectifier in one envelope.
The amplifier portion of the tube is made to
oscillate at audio frequencies. A center-tapped
output transformer is connected as a Hartley
oscillator. The inductance of the transformer
and capacity of the parallel .03 mf. condenser
are selected so that oscillation results in the
audio frequency band. Frequency is varied by
the 3o-ohm rheostat connected to the secondary of the transformer. This has the effect of varying the
inductance of the transformer itself. The .07- mf. condenser is used only to keep the DC on the transformer
from reaching the grid of the tube. The 5o,coo-ohm
fixed resistor is the grid leak.
The output of the diode circuit is filtered by means of
a dual-section 2_0-7_0 mf. electrolytic condenser and a
3,000-ohm resistor. When the headphone plug is inserted, the speaker is automatically disconnected. Keying is accomplished by breaking the DC voltage to

30

the oscillating circuit. Keying quality is very good.
This unit will handle up to twenty pairs of ordinary
phones. A plate impedance match of approximately
io,000 ohms should be maintained for maximum output. To maintain this impedance match, headphones
may be connected in either series, parallel, or seriesparallel, depending on their resistances. Impedance
matching is important only when agreat many headphones are used. When only afew are used, sufficient
volume is available without impedance matching.
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3Tube
Phono
Amplifier

Tamplification to operate dependably with

ms AC-DC phono amplifier has sufficient

even the lightweight crystal pickups which
have very low output. Inverse feedback is incorporated to extend frequency response and
reduce distortion and hum. The filaments of
the three tubes are connected in series and include a 16o-ohm resistor in the series circuit
so that the net current passing through all of
the tubes is .15 amperes. The 12J5GT tube
operates as avoltage amplifier feeding the input of the 5oL6GT beam-power amplifier. The
output of the power tube is connected to the
primary of an output transformer which is
required to match the speaker and plate circuit
of the power tube.
Bias for the 12j5GT is obtained from the
2.,000-ohm cathode resistor. The output of the
speaker transformer is connected across the 4-ohm
resistor, but has a 5o-ohm resistor in series with the
connecting leads to reduce the amount of energy fed
back into the cathode circuit. Care must be taken to
determine, by experiment, the correct polarity of the
leads connected to the output of the speaker transformer. The wrong polarity would result in regeneration.
Filtering is accomplished by adouble filter section.

Most of the hum is eliminated by the 40 mfd. electrolytic condenser between the cathode and common
negative of the rectifier. Further filtering for the plate
of the power stage is obtained by use of the 5o-ohm
resistor and the 8-mfd. condenser.
The 4,000-ohm
resistor and 2_0-mfd. condenser reduce hum still further
for the screen of the power stage and plate of the voltage amplifier stage.

3

RADIO CIRCUIT HANDBOOK

Four Watt AC-DC Amplifier
ins amplifier is ahighly efficient resistance-coupled

Ttype, incorporating push-pull output, aresistance-

type phase inverter, and transformerless power supply.
It will provide splendid results as arecord player when
a crystal or high-impedance magnetic pickup is connected to the input and a good loudspeaker to the
output.
The filaments of the four tubes in the circuit are
connected in series. The total filament voltage required is
8. The difference between this voltage and the 110 volts
obtained from the house lighting line is dropped in the
ballast tube which is connected in the series circuit.
Automatic Tone Compensation
The input of the phonograph pickup is impressed
across the 5oo,000-ohm volume control. The rotating
arm of the control is connected to the grid of one of the
triodes in the 6C8G tube. A too,000-ohm resistor
is also connected between the grid and common negative. The function of this resistor is to compensate for
the difference in frequency response of the human ear at
the various volume levels. It is used only when a
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crystal pickup is used because these have high output
at the base end of the audio frequencies. At full volume
the too,000-ohm resistor is across the entire soo,000ohm volume control and reduces the output of the
crystal pickup at bass frequencies in greater proportion
than at higher frequencies. At reduced volume control
the Ioo,000-ohm resistor has proportionately less
effect on the 5oo,000-ohm volume control, and so the
bass frequencies come through with greater emphasis in
relation to the higher frequencies. Since the human ear
loses ability to hear the lower frequencies at low levels,
the effect to the listener is an apparently uniformfrequency
response regardless of the setting of the volume control.
The signal impressed upon the grid of the first triode
of the 6C8G tube is amplified in the plate circuit and
passed on to the grid of one of the 15L6G tubes through
the .ox mf. condenser. The grid resistor in the 2_5L6G
grid circuit is made up in two parts, a I5o,000-ohm
resistor and a 9,cioo-ohm resistor. The ratio of the
values of the two resistors equals the amplification of
the triode section of the 6C8G tube. The grid of the
second triode of the 6C8G tube is connected to the junc-
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Four Watt AC-DC Amplifier
tion between the two grid resistors of the 151.6G tube.
Amplification takes place in the plate circuit of the
6C8G tube, and the signal is impressed upon the grid
of the second 15L6G tube but is out of phase, though
equal in voltage, with the signal at the grid of the
first 15L6G. This is "phase inversion."
Push-Pull Power Output
The two 15L6G tubes are now operating as abeam
power push-pull stage. Their output is connected to
the primary of acenter-tapped speaker-matching transformer. Proper impedance matching in the output
transformer (matching the impedance of the speaker to
the required impedance of the tubes in push-pull) is
necessary if the full power output of the power stage
is to be secured. Amplifying tubes, like any other voltage-generating equipment, must operate into an optimum load impedance in order to provide greatest possible power. In the case of z5L6G tubes in push-pull, the
optimum load resistance to be matched is about 4,000
ohms from plate to plate of the two tubes.
The output transformer must be a step-down type

so that when an eight-ohm speaker is connected to its
secondary, the resulting impedance reflected to the tube
will amount to about 4,000 ohms as the result of the
ratio between the two windings of the transformer.
Impedance ratio varies as the square of the turns ratio
in output transformers. Universal output transformers
are provided with taps on the secondary, and the manufacturers' instructions, included with the transformer,
provide full specifications, i.e., output at the taps, etc.
The Power Supply
The 2.5Z5 rectifier has two diode sections. These are
connected in parallel so that the tube may stand up
under the high current consumed by the two 15L6G
tubes. Two electrolytic condensers, 2_5 mf. and Io mf.,
respectively, together with afilter choke, filter out the
hum in the plate supply circuit.
Tone is controlled by the attenuator-type tone control, between the two grids of the 15L6G tube. As the
resistance of this 5oc,000-ohm potentiometer is
reduced, more of the higher frequencies are shortcircuited by the .005 mf. condenser.
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Fourteen Watt Amplifier

Tfound in some of the finest of commercial amplifiers.
HE

many features incorpor ated i
n

thi s ci
rcu i
t are

Complicated novelty circuits are avoided so that the
action of the average high-gain amplifier may be
better understood.
The amplifier will operate from 105 to 115 volts, so
to 6o cycles AC. It has sufficient amplification for use
with a crystal or other high-impedance microphone
and will deliver up to fourteen watts of audio power,
with low distortion, to aspeaker or system of speakers.
Features include the use of three inputs which may be
operated simultaneously or separately; contact potential biasing of the first audio tube; phase inversion;
inverse feedback; and push-pull beam power output.
The Input Stage
The output of the microphone is fed into the input of
the 6SJ7 pentode tube, connected as ahigh-gain audio
amplifier. The output of this tube is fed into avolume
control, connected backward.
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The reason for this will

be explained shortly. The cathode of the 6SJ7 is
grounded directly. Biasing is attained by inserting a
5-megohm resistor in the grid circuit. The .00s-mf.
condenser is used to isolate the DC bias voltage from
the input circuit.

The output of the voltage amplifier

is fed to the following stage through the .o5-mf. condenser. The values of the screen and plate resistors of
the 6SJ7 tube are typical for pentode tubes operated as
high-gain voltage amplifiers.
The microphone input, phono input and radio input
are all connected to the phase inverter grid (see diagram
above) just after the first amplifier tube. No volume
control is required for the radio input since volume is
usually controlled at the radio. The phono input
passes through a i-megohm resistor and to the center
arm of a i-megohm potentiometer.

The i-megohm

resistor prevents short-circuiting of phono input, and
any detrimental effect on frequency response when volume control is near zero. It is now apparent why the
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Fourteen Watt Amplifier
microphone stage volume control is connected backward. If connected in the conventional manner, the grid
input of the phase inverter stage would be shortcircuited at zero volume setting, and the phono and
radio input signals would not reach the inverter.
Balanced Phase Inversion
The 6SC7 tube circuit is abalanced phase inverter.
Its action is similar to that in the four-watt AC-DC
amplifier except that the connection for the grid of the
second triode in the 6SC7 is made at the mid-point of
two 5oo,000-ohm resistors in series which are connected
to the grids of the output push-pull stage. This midpoint is also connected to ground through a ioo,000ohm resistor which will carry voltages of both phases
of the push-pull stage. The voltage appearing in the
resistor as the result of the upper half of the push-pull
stage is out of phase to that in the lower half and is,
therefore, degenerative in its effect on the second half of
the phase inverter section and so reduces gain.

Inverse feedback is accomplished by the use of two
5-megohm resistors. Each resistor is connected from
the plate of the output tube to the plate of the triode
section in the phase inverter which feeds that tube.
Since the plates of the output and inverter tubes are out
of phase with each other, there is asmall amount of
out-of-phase voltage fed back from the output to the
input of the power stage.
Bias for the phase inverter and output stages is
obtained by means of cathode resistors. Cathode resistors in push-pull stages need not be by-passed with a
condenser. A choke is not required in the filter section.
Properly balanced push-pull stages cancel any hum
that may appear in the plate circuits. Any small
amount of unbalance is taken care of by the Io-mf.
filter condenser. Those parts of the circuit which draw
very little current are adequately filtered by the w,000ohm resistor with its 2.o-mf. filter condenser, and
5o,000-ohm resistor with its t6-mf. filter condenser.
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Volume
ExpanderCompressor

range of aprogram being fed into a

Vtransmitter is compressed in order to mainOLUME

tain balance between strong and weak passages. An expander in a receiver restores the
program to its original range. In a publicaddress amplifier, where strength of signal-input may vary because the speaker moves about
before a microphone or shifts his head as he
speaks, the use of acompressor-restores balance
and produces constant output.
This unit provides expansion or compression
by means of asingle control. The principle of
operation is similar to AVC in asuperhet. The
tube used is the 6SK7, atype commonly used in
the RF and IF stages of receivers. In the latter
applications aDC voltage is developed in the
diode load circuit of the detector and, added to
the fixed bias of the IF and RF tubes, it results
in adecrease in amplification. In this circuit, however,
an audio voltage is fed to the grids of both the 6SK7
and 6SJ7 tubes. The 6SJ7 tube amplifies this voltage
and passes it on to the 6H6 where it is rectified. A
rectified DC voltage in the one-megohm center-tapped
potentiometer will vary according to the audio voltage
reaching the grid of the 6SJ7. The center tap of the
potentiometer is grounded. The two ends of the
potentiometer are of opposite polarity. The left end of
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the control will have apositive potential, and the right
end will have anegative potential. With the control
arm to the left of the potentiometer, positive voltage,
which varies with the audio voltage input, is added to
the fixed bias on the 6SK7, thereby increasing its amplification and resulting in volume-expansion. With
the control arm to the right of the potentiometer, a
negative voltage is added, the amplification is decreased, and volume is compressed.
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Wireless
Phono
Oscillator

Tto

HE "wireless" phono oscill ator i
sd
es i
gne d
produce oscillations in the broadcast
band. The carrier signal is adjustable from 550
to 700 KC to permit its reception at apoint on
the dial of the radio set where broadcast stations are not heard. The carrier is modulated
by the impulses generated by the phono pickup.
With the control grid G1 of the 6A8 tube
remaining at asmall negative potential with
respect to cathode due to the isoo-ohm cathode
resistor, the circuit involving the remaining
elements of the tube will be recognized as a
tetrode oscillator. The G1 control grid is in
the electron path and will modulate the resulting plate current with the audio signal produced by the phono pickup. The antenna
radiator is capacity coupled through a 50mmfd. condenser to the plate of the tube. The
antenna wire is sometimes incorporated in the line
cord, but a separate antenna wire may also be used.
For the power supply, a z5Z5 tube in ahalf-wave
rectifier circuit is used. The necessary filtering is obtained with adual 8-rnfd. electrolytic condenser and a
4,000-ohm resistor. The second 4,000-ohm resistor
serves to reduce the voltage fed to the screen grid and
anode grid which are tied together.
If microphone performance is desired, any standard

single or double-button carbon mike may be used. The
procedure is simple. The primary of amicrophone transformer, a4X-volt battery and the microphone are connected in series. The secondary of the transformer is
connected to the phono input terminals. The microphone is connected to the input of the oscillator in the
same way the phono pickup is connected.
Any type of record player which is electrically operated may be used with the oscillator.
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Photo-Electric Cell Circuits
" photo-electric tube is becoming increasingly im-

Tportant in industry as amedium for protection and

for precision control. Some of its common uses are in
the burglar alarm and the anti-sabotage system, for
smoke control, counting of all types, color and size
matching, punch press safety control, and television.
The two circuits are basically alike, but one is for
operation from batteries, the other from ano-volt AC
or DC line voltage.
The triode or pentode tube is operated with agrid
bias at nearly the cut-off point. That is, the negative
potential on the grid is such that very little, if any,
plate current flows in the plate circuit. With no
excitation for the relay, the armature remains open.
When the amount of negative bias on the grid of the
tube is reduced, plate current begins to flow. Below a
certain negative potential, depending upon the tube
used, sufficient current will pass through the plate circuit to close the relay and actuate acontrol or alarm.
The reduction in grid voltage is secured by applying
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asmall amount of positive voltage to the grid of the
tube through the photo cell. Note that the photo cell
is connected between the grid and apoint of the circuit
having ahigher DC positive potential in relation to the
grid. Photo cells operate on the basis that with a
greater amount of light falling on the caesium-coated
cathode, a greater amount of current is permitted to
pass through the cell. Therefore, as light on the photo
cell is increased, apositive voltage flows to the grid of
the tube. This bucks the negative voltage already there
and results in a reduction of the negative voltage,
thereby increasing the plate. current.
In the AC-DC circuit afilter is unnecessary. To eliminate hum from the relay, a zo-mfd. electrolytic condenser is connected across it. The relay used has a
single-pole double-throw contact arrangement which
makes it possible to connect external circuits so that
action may be either stopped or started on the interruption or application of abeam of light, depending upon
the contacts selected.
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1943 Edition. Miniature radio encyclopedia.
Provides over 800 commonly used terms in the
field of Radio and Electronics. Each concise
explanation is extremely simple and easy to
understand. All students and instructors of
radio training classes will find this handy
manual invaluable as areference aid when used
with any required text. Excellent reference for
advanced radiomen. Additional material includes schematic symbol chart, notes on how
to read schematic diagrams, formulas for resistors and condensers, Ohm's law, and an RMA
color-code guide. 36 pages; handy 6' x9" size.

Ideal preparatory manual for the radio beginner as well as agood review and reference
book for the more advanced student. Provides
outline of fundamental radio theory in simple
terms. Explains radio set parts, functions,
magnetism, resistance, electron theory, inductance and reactance, capacitance, how to
read schematic diagrams, etc. Includes six different and easily built projects for laboratory
construction work which permits practical
application of radio theory. Covers crystal set
and small receivers, amplifier, phono-oscillator,
etc. Size, 8j4 "x
36 pages.

Edited by Nelson M. Cooke, Chief Radio Electrician, U. S. Navy. A comprehensive handbook of Formulas, Data, Standards, Tables,
and Charts used in the solution of everyday
problems in Radio and Electronics. Emphasis
has been placed on technical data with aminimum of text employed. An ideal book for supplementary home study or abasis for classroom
recitation and laboratory work. Arranged for
instant reference. Eliminates time-consuming
search through numerous books for information
constantly used. Everyone in Radio should
own acopy. 48 pages. Size, 6' x9'.
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