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Notes on Transmitter Design 

The newer tubes, such as the beam 
power tetrodes and low C triodes, call for 
certain important considerations in circuit 
design in order to realize the greatest pos-
sible efficiency. 
A typical, modern transmitter circuit 

which accompanies this text is used to 
illustrate the newer features under dis-
cussion. 

Crystal Oscillator 
The crystal-controlled oscillator in this 

transmitter is of very modern design; it 
incorporates regeneration at the crystal 
frequency to reduce the r.f. current 
through the crystal itself. This feature 
improves the stability of the oscillator, 
and minimizes the danger of crystal frac-
ture. This regenerative effect in the crys-
tal oscillator is obtained by connecting the 
cathode circuit across a portion of the 
plate circuit in order to obtain feedback 
at the crystal frequency. The amount of 
feedback is very small and is controlled 
by the 3-to- 30 tapfd. trimmer condenser 
connected between the plate and cathode. 
If the capacity of this condenser is set at 
10 pi..tfd., for example, the cathode is. in 
effect, connected across 1/40th of the 
tuned plate circuit, since the .0004 pfd. 
(400 latafd.) condenser is connected from 
cathode to ground. The adjustable 3-to-
30 piafd. condenser, assumed to be set at 
10 .11.1fd. in this case, and the .0004 
tafd. condenser are connected in series 
across the plate load impedance. 

It has been found from experience that 
the 6L6 or 6L6G tube has such a high 
transconductance that an extremely small 
amount of feedback is required for the 
purpose of maintaining the crystal in a 
state of oscillation. In fact, the plate cir-
cuit can be tuned to frequencies oth,cr 
than that of the fundamental resonance, 
and still provide sufficient impedance 
across the condenser feedback circuit to 
keep an active quartz crystal in an oscil-
lating condition. This makes an ideal 
crystal oscillator, because the plate circuit 
can be either tuned to thf• - pproximate 

fundamental frequency or to the exact 
harmonics of the crystal. For example, 
the output on the second ha-monic is 
practically the same as that secured on 
the fundamental frequency. All that is 
necessary is to change the coil L, when 
operating the crystal oscillator on its 
fundamental or second ha-monic frequen-
cies. The oscillator can be made to cover 
two bands by using a larger tuning con-
denser, which would provide low C on 
the second harmonic and high C on ,..he 
fundamental. In any case, this crystal 
oscillator will supply very nearly the same 
output on either the fundamental or 
second harmonic, and about 50% as 
much on the fourth harmonic. The third 
harmonic is intermediate between the 
second and fourth harmonics, from the 
standpoint of power output. When the 
oscillator is tuned to a harmonic, the cir-
cuit should be tuned to exact resonance 
as indicated by maximum dip in plate or 
cathode current. When operated on its 
fundamental frequency, the oscillator tun-
ing condenser should be set at a capacity 
which is slightly less than that which 
would tune the plate circuit to exact reso-
nance with the quartz crystal. 
The r.f. choke in the cathode of the 

6L6G crystal oscillator is a necessary ad-
junct in maintaining the cathode at an 
r.f. potential determined by the ratio of 
the semi-variable and fixed mica conden-
sers connected across the plate circuit. 
Other types of receiving tubes can be 
made to operate in this same crystal os-
cillator circuit, but at lower output. A 
type 42 or 2A5 tube will supply approxi-
mately half as much output as a 6L6G. In 
the case of a metal 6L6 tube, the same cir-
cuit should be used, but with the metal 
shell of the tube connected to ground. 

Some triodes, such as the 6C5 and 76, 
will function as low power crystal oscil-
lators in this same circuit. The 6.3 volt 
pilot lamp in series with the grid of the 
6L6G and the crystal requires less than 
100 milliamperes in order to light, and it 
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The Ideal- transmitter as evolved from the data and considerations in this 
chapter. It has an output of 150 watts. 

is therefore advisable to use such a lamp 
for the purpose of indicating the amount 
of r.f. current flowing through the crystal. 
If the lamp shows no indication of light-
ing-up, the r.f. current through the crystal 
is far below the maximum safe value. 
The value of grid-leak across the quartz 

crystal will depend upon the type of tube 
used and ranges from 50,000 to 250,000 
ohms. This leak is necessary to provide 
a path for the d.c. return current flowing 
in the grid circuit. No cathode bias 
resistor is needed for 6L6 or 6L6G tubes 
in this particular circuit. The regenera-
tive circuit keeps the r.f. crystal current 
at such a low value that ordinary grid-
leak bias is entirely satisfactory. 
The r.f. output from the crystal oscil-

lator shown in the accompanying diagram 
can be adjusted to any value of from less 
than one watt up to as high as 15 or 20 
watts. This variation is accomplished by 
adjusting the plate and screen voltages, 
particularly the latter. In the circuit 
shown, the crystal oscillator drives a 
6L6G as a buffer or doubler stage, and 
to prevent overdriving this stage the 
screen voltage on the oscillator is reduced 
by means of a 10,000 ohm 2 watt resistor 
in series with the 275 volt supply. . In 
addition, a 50 variable coupling 
condenser is connected between the plate 
and grid circuits of the two stages. A 
40 or 50 .i.t.tfd. mica fixed coupling con-
denser is usually employed at this point, 

but the variable condenser enables a more 
flexible adjustment of r.f. excitation to the 
buffer or doubler stage. This capacity 
can be as low as 20 til.tfd., particularly 
when using a 4u meter crystal in the 
oscillator circuit, and when going down 
to 10 meters in the output stage of the 
6L6G frequency multiplier circuit. 

The Buffer-Doubler Circuit 

Either a 6L6 type of tube or an 807 
beam tetrode will perform equally well as 
a doubler. The advantage of an 807 lies 
in the screening between the control grid 
and plate, which is sufficient to elimini-
nate the need of neutralization when the 
tube is used as a buffer. The KL6G re-
quires a very small neutralizing capacity 
when used as a straight buffer. For com-
plete neutralization of this stage, a split-
stator tuned plate circuit would be neces-
sary due to the high transconductancc, of 
the 6L6G. The split-coil circuit illustrated 
in the circuit diagram is slightly regenera-
tive; however, the tube is used only as a 
buffer or doubler stage and this effect is 
therefore negligible. The neutralizing 
condenser in this stage must have a very 
low minimum capacity. In this case there 
was used a pair of small parallel plates, 
approximately the size of a small postage 
stamp, with an adjustable gap between 
them. 
The grid bias is obtained through a 

combination of grid-leak and cathode bias 
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The 1500 volt and 375 volt power supplies are mounted on a single board. 

resistors. The values of resistors should 
be chosen so that the tube will supply 
approximately the same output as a doub-
ler as when it serves as a buffer. If a 
50,000 ohm grid-leak and a 400 ohm 
cathode resistor are used as shown, this 
condition is obtained. The value of grid-
leak is not critical and 100,000 ohms is 
more often used when this stage is used 
only as a doubler. 
The grid current to the buffer or cloub. 

ler stage does not have to be greater than 
2 milliamperes, and should never exceed 
5 milliamperes, otherwise the tube will 
be over-excited. When higher values of 
grid-leak are used, grid currents as low as 
one milliampere are satisfactory to this 
type of tube. The 400 ohm cathode re-
sistor ( 300 ohms would also be satisfac-
tory) not only furnishes additional grid 
bias but also provides automatic bias to 
this stage when the crystal oscillator is 
keyed or when ri. excitation is removed. 
A cathode resistor in this case also tends 
to keep the plate current from creeping 
should the grid excitation be a little too 
high. 
The buffer or doubler stage can be 

either capacitively or link coupled to the 
final amplifier. Link coupling will give 
more grid drive than ordinary capacitive 
coupling because of a better impedance 
match. The 35T is a high- ti tube with 
very low grid impedance. This makes it 

easier to match correctly the impedances 
with link coupling. 

The Final R.F. Amplifier 
The 6L6G buffer-doubler shown in the 

circuit diagram will satisfactorily drive 
several varieties of tubes in the final am-
plifier, such as the 35T, HF-100, T-55, 
HK- 154, RCA-808, or RK-37. The mod-
ern design of low C tubes has progressed 
to a point where high-.t tubes are easier 
to drive than medium or low- id tubes. 
Previously designed high-s tubes required 
more grid excitation than the same type 
of medium or low-ta tube. 

The great improvement came about as 
a result of improved grid structure de-
sign. Because some of the modern high-ta 
tubes can be so easily driven, their use 
in c.w. or plate modulated phone trans-
mitter circuits is highly recommended. 

If a high- 1 and a low- la tube have the 
same operating mutual conductance and 
plate dissipation, the high-ta tube is more 
easily driven at very high frequencies. 
This can be easily illustrated in the fol-
lowing example: A tube which requires 
300 volts d.c. bias to operate in a class C 
modulated amplifier requires a peak r.t. 
grid voltage of more than 300 volts in 
order to drive grid current and cause a 
rectified grid d.c. current to flow. On the 
other hand, a high-..t tube which might 
require 100 volts of negative bias would 
require less than half as much peak r.f. 
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voltage. The problem of obtaining a high 
r.f. voltage across the grid tank circuit is 
very evident for wavelengths below 20 
meters. At 5 meters, it may be a major 
problem. The total capacity across the 
grid circuit of the driven tube may pro-
vide a reactance of only 200 or 300 ohms 
at very h;gh frequencies. which would re-
quire a circulating grid tank current of 
sr veral amperes in order to build-up the 
required r.f. voltage for a low- la tube. 
The low C of modern tubes and the use 
of low C in the tuned circuit are a grcat 
aid in simplifying transmitter design in 
any of the high-frequency bands, espe-
cially 5 and 10 meters. 
Many amateurs make the mistake of 

over-exciting their final amplifier tubes, 
without realizing that the tube life is a 
matter of a few hours, instead of the usual 
several thousand hours obtained under 
proper operating conditions. « On the 
other hand, insufficient grid excitation 
will cause low efficiency in the plate cir-
cuit, which is undesirable from the stand-

point of powcr output arid plate dissipa-
tion. 
The matter of grid dissipation is just as 

important as plate dissipation, and is 
usually overlooked by the amateur. When 
the grid is driven too hard. i.e., "over-
excited", the grid wiles must dissipate the 
r.f. cnergy in the form of heat, and since 
the grid is very close to the white-hot 
filament, its ability to dissipate energy in 
the form of heat is not very great. All 
tube manufacturers have had a great many 
transmitter tubes returned as defeCtive, 
when an inspection revealed that the grid 
had been over-heated, which thus 
permanently destroyed the grid structure. 
When a tube is rated to operate at a d c. 
grid current of 20 milliamperes in a class 
C amplifier, it is wise to adhere to this 
value. Too many amateurs forget the 
possibility of damaging the tubc by over-
driving it, and they are of the belief that 
they cah obtain 5% or 10% more plate 
efficiency by increasing the grid current to 
more than the required or recommended 
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Coil Data for 6L6G-6L6G-35T Transmitter 

Band Oscillator 
11/2 " Coil Forms 

Buffer-Doubler 
Plate Coil 

11/2 " Coil Forms 

Final Amp. 
Grid Coil 

11/2 " Coil Forms 

Final Amp. Plate 
Coil 

"Air-Supported" 
Construction 

80 

30 turns No. 20 
d. s. c., slightly 
space wound to 
cover 11/2", 

35 turns No. 20 
d.s.c..close wound. 
Center-tapped. 

35 turns No. 20 
d.s.c.,close wound. 

24 turns No. 14 
enam., spaced 8 
turns per inch. 
23/4" diameter, 
center-tapped. 

40 

16 turns No. 20 
d.s.c., spaced to 
cover 11/2", 

18 turns No. 20 
d.s.c., spaced to 
cover 11/2". Cen- 
ter-tapped. 

18 turns No. 20 
d:s.c., spaced to 
cover 11/2 ". 

18 turns No. 14 
enam., spaced 5 
turns per inch. 
23/4 " diameter, 
center-tapped. 

20 

Use 40 meter Os- 
cillator coil. 

11 turns No. 20 
d.s.c., spaced to 
cover 13/4 ", cen- 
ter-tapped. 

9 turns No. 20 
d.s.c., spaced to 
cover 13/4 '. 

10 turns No. 14 
enam., spaced 21/2 
turns per inch. 
23/4 " diameter, 
center-tapped. 

10 

8 turns No. 20 
d.s.c., spaced to 
cover 11/2" ("20 
meter coil"). 

5 turns No. 18 
enam., spacçd to 
cover 13/4", cen- 
ter-tapped. 

5 turns No. 18 
enam., spaced to 
coyer 13/4 ". 

6 turns No. 14 
enam., spaced 11/2 
turns per inch. 
2" diameter, cen-
ter-tapped. 

amount. If very high grid excitation is 
desired in order to obtain extremely high 
plate efficiency, the value of d.c. grid bias 
should be increased in the form of a 
higher value of grid-leak resistance. The 
d.c. grid current should not be run at a 
value higher than that shown in the trans-
mitting tube tables for maximum d.c. 
rating. 
The 35T has a maximum d.c. grid cur-

rent rating of 25 milliamperes. The 
driver stage in the transmitter under dis-
cussion is capable of driving from 40 to 
50 grid milliamperes from the 6L6G 
buffer doubler into the final amplifier. 
This is much more than required, and the 
grid excitation should be adjusted to not 
over 25 milliamperes by changing the 
link coupling positions around the plate 
and grid coils. If highest plate efficiency 
is desired and proper means are taken to 
eliminate the radiation of the stronger 
harmonics produced in the final amplifier, 
more grid excitation may be applied. -This 
should be done by increasing the value 

of grid-leak resistance rather than by in-
creasing the d.c. grid current. A 10,000 
or 15,000 ohm grid-leak will prevent the 
grid current from being excessive, and at 
the same time it will increase the grid 
bias by two or three times for the same 
current. The r.f. voltage across the grid 
circuit can then be increased to a point 
which will cause normal grid current (20 
to 25 milliamperes) to flow. 
The plate efficiency depends upon the 

r.f. grid excitation, as well as the circuit 
"Q" of the final plate tuned tank circuit. 
The "Q" of the. final tank circuit in a 
low-loss coil and condenser design is ex-
ceedingly high when no antenna load is 
connected across this circuit. The plate 
current will dip to very low values in an 
efficient circuit, and this dip to a value of 
10% to 20% of the normal d.c. plate 
current has been used as a rough check 
for circuit efficiency. It is not a very 
satisfactory method of checking the circuit 
efficiency because the r.f voltage built up 
across the tuned circuit under these con-

8 



Transmitter Design 

ditions usually reaches excessive value 
and may cause flash-over between con-
denser plates and consequent damage to 
the r.f. tube or to some component in the 
power supply. 
The circuit "Q" of the final amplifier 

is of importance in both phone and c.w. 
transmitter design. Its value should be 
about 10 for c.w. and 15 to 20 for phone, 
in order to provide a sufficient "fly-wheel 
effect" to the tuned circuit for class C 
amplifier operation. 
When the r.f. amplifier is loaded by an 

antenna circuit, the "Q" of the tuned 
circuit drops to a low value, due to the 
effective resistance coupled into this 
tuned circuit by the antenna. This "re-
sistance" represents useful energy or 
power transfer from the tube to the an-
tenna circuit. The introduction of an 
apparent resistance into the tuned circuit 
reduces the impedance of the circuit, so 
that the tuning condenser should have a 
reasonable amount of capacity in order to 
provide the necessary fly-wheel effect. The 
class C amplifier tube only supplies power 
to the tuned circuit during about 1/3 or 
1/4 of the r.f. cycle. During the re-
mainder of the time the tube is inopera-
tive and is cooling off. The tuned circuit 
must act like a fly-wheel and supply the 
energy during the remainder of the r.f. 
cycle. The antenna is coupled to the tuned 
circuit in order to absorb as much of this 
power as possible. The value of tuning 
condenser shown in the final amplifier in 
the accompanying circuit diagram is suit-
able for either phone or c.w. operation, 
for frequencies as low as those used for 

the 80 meter band. 
Since the reactance of the tuning con-

denser varies with frequency, the capacity 
of the condenser depends upon the fre-
quency band or wavelength to be ust.d. 
A split-stator tuning condenser with a 
maximum capacity of 50 ialifd. per sec-
tion would be suitable for this transmitter 
when c.w. transmission alone is contem-
plated. The plate spacing in this tuning 
condenser should be great enough that no 
flash-over will occur for peak voltages of 
at least four times the value of plate sup-
ply d.c. voltage. 

The Keying Unit 

Clickless keying of the final amplifier, 
at high speeds, can be accomplished by 
using the vacuum tube keyer unit shown 
in the circuit diagram. This unit is com-
pletely described elsewhere in these pages. 
Other keying methods could be used, 
such as oscillator keying with a fixed bias 
of at least 90 volts applied to the grid of 
the final tube. Primary keying in the 
power supply of the final amplifier is also 
satisfactory providing less filter is used 
than shown in the diagram. The power 
supply shown in the schematic diagram 
and in the photograph is designed to sup-
ply the requirements of a class B modula-
tor in addition to the 35T r.f. amplifier. 
The amount of filter, as shown, is satis-
factory for a plate modulated phone trans-
mitter. The second section of filter, con-
sisting of the 10 henry smoothing choke 
and 2 pfd. condenser, can be omitted for 
a c.w. transmitter without causing objec-
tionable a.c. hum on the carrier output. 
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An Improved V. T. Keying Circuit 
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VACUUM - TUBE KEYING SYSTEM 

The vacuum tube keying circuit in the 
unit illustrated here is a practical im-
provement over the one shown in the 
1937 Jones Radio Handbook. 
Vacuum tubes can be used for keying 

an r.f. amplifier for the purpose of elim-
inating key clicks. The vacuum tube sys-
tem is not critical with respect to its 
constants, and invariably removes the key 
clicks. In spite of its numerous advan-
tages, this type of keying has one dis-
advantage in that it reduces the power 
output from 5 to 15 per cent, because of a 
voltage drop of approximately 100 volts 
across the type 45 tubes which are used 
as keyers. The plate current of the keyed 
r.f. stage flows through the type 45 tubes 
when the c.w. key is closed, and with 
zero bias on the grids of the 45's the plate 
resistance of these tubes is sufficient to 
cause a voltage drop of approximately 100 
volts when the plate current in each tube 
is 50 milliamperes. This value of 100 
volts is constant for any number of paral-
leled keyer tubes, as long as the current 
is 50 milliamperes per tube, and 100 
volts therefore must be subtracted from 
the actual plate voltage applied to the 
keyed amplifier stage. 

The 100 volt drop also acts as an addi-
tional grid bias to the keyed stage, and 
must be taken into consideration when 

-MV 

•NO uSE 

designing the type of grid bias supply, or 
the size of the grid-leak which is to be 
used. 
The cost of the parts for the complete 

vacuum tube keyer unit will not exceed 
five dollars. The number of type 45 tubes 
to be used in parallel connection easily 
can be calculated for any transmitter by 
dividing the plate current of the keyed 
stage by 50. In other words, if the final 
amplifier is to be keyed, and if it draws 
150 milliamperes, three type 45 tubes 
should be connected in parallel. 
An additional type 45 tube is used as a 

half-wave rectifier with the grid and plate 
of the tube tied together, and the filament 
operating from the same winding which 
supplies the keyer tubes. 
A small b.c.l. type power transformer 

is used to supply a negative bias to the 
grids of the keyer tubes, through a resist-
ance filter. This negative bias of from 
200 to 400 volts is short-circuited when 
the key is closed, as far as the grids of 
the keyer tubes are concerned. The actual 
current flow through the key contacts is 
extremely minute, due to the very high 
values of resistance in the circuit. For this 
reason it is possible actually to key the 
transmitter by moistening one's fingers 
and holding them across the key contacts, 
without fear of electrical shock. 
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The vacuum tube keying system, using four 45's. Sockets for two 
additional ( optional for higher power) tubes are provided. It is ad-

vantageous to mount the b.c.I. chokes directly at the key terminals 
as shown. 

The small power supply must furnish 
sufficient negative bias to the grids of the 
keyer tubes to cut-off completely the flow 
of plate current when the key is open. 
This, of course, reduces the r.f. stage plate 
current to zero. When the key is closed 
the negative bias is short-circuited and 
the grids are at ground potential. The 
plate circuits of the type 45 tubes then 
act as a low resistance in series with the 
center-tap lead of the keyed r.f. stage. 
Clicks are completely eliminated on the 
signal frequency by means of the RC fil-
ter of 10 megohms and a .0001 pfd. mica 
condenser in the grid circuit of the keyer 
tubes. The time constant of this circuit 
is sufficient to prevent a sudden applica-
tion of plate current to the r.f. stage when 
the key is closed and, similarly, the plate 

current is prevented from being too 
sharply cut off. A large value for the 
mica condenser will provide a greater lag, 
but will not allow a keying speed as high 
as is obtained with the constants shown 
in the circuit diagram. These constants 
will allow clean, sharp keying at speeds 
up to 70 words per minute without clicks. 
Two small r.f. chokes of the b.c.I. 

variety can be connected directly at the 
key terminals in order to prevent the very 
slight spark at the key contacts from 
radiating into a nearby b.c.I. receiver. 
It is important that no condenser be con-
nected across the key contacts. This 
would prevent even a slow keying, in 
view of the high values of resistance in 
the circuit. 

11 



Jones Radio Handbook Supplement 

All Purpose, Two-Stage Preselector 

Without regeneration this preselector outperforms one-tube 
regenerative types. 

It has been customary for the author to 
describe only the single-tube regenerative 
types of pre-selectors in previous Hand-
books. A two-stage pre-selector can pro-
vide more image selectivity and r.f. gain 
than a single-tube regenerative pre-selec-
tor. In addition, provided that . care is 
taken in the design of the first r.f. stage, 
the tube noise level will be lower in the 
former than in the latter. Lower tube 
noise means better sensitivity for weak. 
signal reception. 
The two-stage pre-selector described 

here consists of a 6C6 and 6D6 in the 
tube line-up. The 6C6 is operated with 
low grid bias and at maximum gain at 
all times to obtain a high signal-to-noise 
ratio in the high-frequency bands. The 
second stage with its 6D6 variable Li tube 
has a 50,000 ohm variable resistor in 
series with the cathode for the purpose of 
controlling the gain. The two 50 
tuning condensers are ganged together 
for tuning with a single vernier dial. 
Small 3-to- 30 1.1tifd. mica trimmer con-
densers are connected across each plug-in 

coil in order to align exactly each tuned 
circuit. 

Type 57 and 58 tubes can be substi-
tuted for the 6C6 and 6D6 tubes, by 
changing the filament supply from 6.3 
volts to 2.5 volts. Also, a metal type 6J7 
and a 6K7 tube could be used in place 
of the 6C6 and 6D6 tubes. The only 
change would be the type of sockets 
employed. The pre-selector is designed 
to operate from the 250 volt plate supply 
and heater supply of the receiver to which 
it is to be connected. 
The two r.f. stages are built into sep-

arate aluminum shield compartments, 
each 33/4 inches wide, 8 inches long, and 
51/2 inches high. These compartments are 
spaced lA inch apart to isolate better the 
two r.f. stages. The compartments are 
then mounted on a standard 8 in. x 12 in. 
x 21/2  in. chassis pan. The metal front 
panel is proportioned to match the par-
ticular receiver with which the pre-selec-
tor is to be used. 

If the power supply in the receiver is 
inadequate to supply the additional load 
of approximately 20 milliamperes of plate 

12 



Non-liegeneralire. High Gain Preseleetion 

--4••vAt V 

6.3VAC + 250 v - 

General wiring diagram of the non-regenerative preselector. For coil schematic 

see page 14. 

Coil Data 
All coils are wound on standard 1% in. diameter plug-in coil forms. Isolantite forms 
are used on the higher frequencies. 

Band 
in Meters 

First R.F. Stage Second R.F. Stage 

160 
11/2 inch winding of No. 24 enam- 
eled, close wound. Antenna coil: 12 
turns No. 24 enameled. 

11/2 inches of No. 24 enameled, close 
wound. Plate winding 40 turns No. 
32 d.s.c., wound over secondary with 
insulation between windings. 

80 
30 turns No. 20 d.s.c., close wound. 
Antenna coil: 12 turns No. 20 d.s.c., 
center- tapped. 

30 turns No. 20 d.s.c., close wound. 
Plate winding: 20 turns, wound over 
secondary. 

40 
16 turns No. 20, d.s.c., 11/8 in. long. 
Antenna coil: 8 turns No. 20 d.s.c., 
center-tapped. 

16 turns No. 20 d.s.c., 11/4  in. long. 
Plate coil: 12 turns No. 32 d.s.c., 
interwound with secondary. 

20 
9 turns No. 20 d.s.c., 11/4  in. long. 
Antenna coil: 8 turns No. 20 d.s.c., 
center-tapped. 

9 turns No. 20 d.s.c., 11/4 in. long. 
Plate winding: 7 turns No. 32 d.s.c., 
interwound with secondary. 

10 
4 turns No. 20 d.s.c., I inch long. 
Antenna coil: 6 turns No. 20 d.s.c., 
center-tapped. 

4 turns No. 20 d.s.c., 1 inch long. 
Plate winding: 3 turns No. 32 d.s.c., 
interwound with secondary. 

All antenna windings are spaced % inch below the secondary windings, and are 
center-tapped. The plate windings in the second r.t. coil are interwound with the 
secondary winding, wound in the same direction, and begun at the lower (ground) 
end of the winding. The connections are made as shown in the supplementary 
sketch which accompanies the circuit diagram. 
The 3-30 Itlifd. trimmer condensers are soldered to the terminals of each coil by means 
of heavy wire so that the condensers are self-supporting. 

13 
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current and 0.6 ampere at 6.3 volts for 
the heaters of the pre-selector tubes, a 
separate power supply will be needed. 

Lining-up Procedure 
The coils are wound in such a manner 

that the tuning condenser strikes the de-
sired band toward the center point of the 
tuning dial. The small trimmer con-

3.3.1031, 

Id10.71[13 ..13113L 

a 3 • S • II • 

5 PRONG 4 PRONG 
FORM FORM 

densers are then adjusted until maximum 
sensitivity is obtained from a weak signal, 
preferably toward the high-frequency end 
of a particular amateur band. The two 
circuits should track throughout any ama-
teur band, providing the secondaries are 
similar. Slight variations in inductance 
can be compensated for by compressing or 
expanding the windings of one of the 
coils when it is tuned to the low-fre-

quency end of that amateur band. The 
trimmer condensers would then have to 
be readjusted for the high-frequency end 
of the band. A resonant antenna, such as 
a doublet, may have a tendency to throw 
the first tuned circuit out of alignment; 
however, this effect has been minimized 
by using quite loose coupling between 
the secondary and antenna winding on 
each coil. 
The pre-selector output should nor-

mally be connected to the antenna and 
ground post of the receiver with a short 
lead, preferably shielded. The r.f. gain 
of the second stage will depend upon the 
impedance of its plate circuit, conse-
quently a very small coupling coil in a 
receiver may not provide a suitable plate 
load for the 6D6 tube. In such cases, the 
"hot" lead from the pre-selector can gen-
erally be twisted around the grid lead of 
the first tube in the radio receiver, and 
the trimmer condenser across that circuit 
readjusted to make the circuit track. Only 
about two or three twists of insulated wire 
should be wound around the aforemen-
tioned grid lead. 

14 
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Automatic Frequency Control 
A superheterodyne radio receiver can 

be more easily tuned by the average per-
son when automatic frequency control is 
incœporated. Its function is to tune auto-
matically the receiver to the correct fre-
quency after it has been roughly adjusted 
to the desired station by manual opera-
tion. It is an electrical device for swing-
ing the frequency of the high-frequency 
oscillator to the value which will hetero-
dyne the desired signal into the i.f. am-
plifier at precisely the correct frequency. 
The circuit diagram shows how this is 

accomplished by means of vacuum tubes. 
The listener can adjust his receiver to 
within a few kilocycles of a desired sig-
nal and if the signal is strong enough the 
receiver will swing into exact tune with 
the carrier signal. This effect eliminates 
poor tone quality due to incorrect tuning 
in the broadcast band; it also has the 
effect of spreading out the tuning adjust-
ment in the short wave broadcast bands. 
It has one disadvantage, in that a fading 
signal may cause the receiver to stop oper-
ating on the desired signal, or it may 
swing from one station to another if both 
signals are of the same intensity and fairly 
close together on the tuning dial. 

Present circuit designs do not provide 
the same width of frequency band con-
trol for the short wave bands as for the 
broadcast band. The circuits at 
present are not as sharp on the 
short-wave bands unless the cir-
cuit constants are changed. 

Automatic frequency control is 
obtained by using a vacuum tube 
as a variable impedance, having 
either capacitive or inductive re-
actance, depending upon the volt-
age applied to its grid circuit. A 
sharp cut-off tube, such as 6C6 or 
6J7, is suitable for this purpose. 
The grid and plate circuits are 
connected across the high-fre-
quency oscillator tuned circuit and 
the change of grid voltage changes 
the equivalent tuning capacity of 
the h.f. oscillator circuit. This 

ARC 

grid circuit is connected through a resist-
ance filter circuit to a 6H6 double-diode 
cathode circuit, as shown in the circuit 
diagram. The 6H6 has its plate circuits 
connected across a tuned coil which is 
coupled to the i.f. amplifier, both induc-
tively and by direct coupling to the 
center-tap of the coil. 

This circuit arrangement provides con-
trol voltages and currents which are ap-
plied to the 6H6 tube in such a manner 
that the phase relations are correct for 
proper frequency control. When the ap-
plied i.f. signal is not that resulting from 
the receiver being tuned to the center of 
the carrier signal, the voltages applied to 
the two diodes produce effects which tend 
to swing the corrector-6J7-tube. This 
change, or swinging effect, changed the 
tuning of the high-frequency oscillator so 
that the receiver becomes automatically 
tuned to the desired signal. The circuit 
constants must be chosen for the particu-
lar receiver. The r.f. and first detector 
pre-selector circuits should be of the 
band-pass type, or at least not sharply 
tuned, since these circuits may be detuned 
several kilocycles in normal operation. 

Automatic frequency control produces 
a peculiar effect in reception of phone 
signals in the crowded amateur bands; 
very often the interfering heterodyne 
squeals are greatly attenuated. 

14 1  
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RCA Radio Tube Characteristics Chart 

TYPE NAME BASE 

SOCKET 

CONNEC 

¡IONS 

DIMENSIONS 

MAXIMUM 

OVERALL CATHODE 

TYPE a 

RATING 

FILAMENT OR 
NEATER MATE SCREEN 

LENGTH 
X 

DIAMETER VOLTS ASNIERES 
MAX. 
VOLTS 

MAX 
VOLTS 

00-A 
DETECTOR. 
TRIODE 

MEDIUM 4-PIN 
Bayonet 40 4-1 1," X lfr 

D-C 
FILAMENT 5.0 0.25 45 

01-A DETECTOR* 
AMPLIFIER 

MEDIUM 4-PIN 
ilmonst 40 4 " X I H " H FILADNIFT 5.0 0.25 135 

I A4 
SUPER-CONTROL 
R-F AMPLIFIER 

PENTODE 
SMALL 4-PIN OPA 4H' x 117, FILAMENT 2.0 0.06 180 67.5 

I A6 PENTAGRID 
CONVERTER 0 SMALL 6-PIN 6L 4H' lc 11.14" FILAMENT D'C 2.0 0.06 180 67.5 

I 54 
R-F AMPLIFIER 

PENTODE SMALL 4-PIN MA 4H." X 1/Se 
FILAMENT 2.0 0.06 180 67.5 

I 115/253 
DUPLEX-DIODE SMALL 6-PIN 6M 4}' x 1?5' FILAMENT 2.0 0.06 135 - 

106 PENTAGRID 
CONVERTER 0 SMALL 6-PIN AL 4H' x 131,' FILAMENT2.0 0.12 180 67.5 

I F4 POWER AMPLIFIER 

IPEN 

MEDIUM 6-PIN 6K }-1 ' x 1H' FILAMENT 2.0 0.12 135 135 

F6 DUPLEX-DIODE 
PENTODE SMALL &PIN OW 4f-i' X 1/Si ' FI e ,"eENT 2.0 0.06 180 67.5 

14f 
HALF-WAVE 
RECTIFIER SMALL 4-PIN 40 41' X lit, • HEATER 6.3 0.3 _ _ 

PO W Ef.IR , eloPEL I F I ER MEDIUM 4-PIN AD ' X 2-iig" FILAMENT 2.5 2.5 
250-2A3 
300 _ 

2A5 POWER AMPLIFIER 

PENT2A6 
MEDIUM &PIN se 41+' e 1ff. HEATER 2.5 1.75 - 

DUPLEX-DIODE 
HIGH-MU TRIODE SMALL &PIN 60 4H" X 117," HEATER 2.5 0.8 250 --

2A7 
PENTAGRID 
CONVERTER 0 SMALL 7-PIN 7E 4H' X 1" HEATER 2.5 0.8 250 100 

287 
DUPLEX-DIODE 

PENTODE SMALL 7-PIN 70 4H' X Os' HEATER 2.5 0.8 250 125 

It 5W4 FULL-WAVE 
RECTIFIER 

SMALL 
OCTAL 5-PIN sr 31" x 1iiii" FILAMENT 5.0 1.5 - - 

513 
FULL-WAVE 
RECTIFIER MEDIUM 4-PIN 4C 51' x 2118 ' FILAMENT 5.0 3.0 - 

II 514 
FULL-WAVE 
RECTIFIER 

SMALL 
OCTAL &PIN 64. 3I" x Ih• HEATER 5.0 2.0 - 

6A4/LA 
POWf.FEINATrtINFIER MEDIUM 5-PIN se 4H" x 1H ' FILAMENT 6.3 0.3 180 180 

6A6 
TWIN-TRIODE 
AMPLIFIER MEDIUM 7-PIN • 78 4-11" X 1H' HEATER 6.3 0.8 300 - 

6A7 
PENTAGRID 
CONVERTER o SMALL 7-PIN 7C 4H' x 117‘ " HEATER 6.3 0.3 250 100 

8A8 
PENTAGRID 
CONVERTER• 

SMALL 
OCTAL &PIN LW 3r . ITV HEATER 6.3 0.3 250 100 

6B7 
DUPLEX-DIODE 

PENTODE SMALL 7-PIN 70 4H' X IA' HEATER 6.3 0.3 250 125 

688 
DUPLEX-DIODE 

PENTODE OCTAL 8-PIN SE 3}' x 1116  HEATER 6.3 0.3 250 125 

6C5 
DETECTOR.* 
AMPLIFIER 
TRIODE 

SMALL 
OCTAL & PIN 6Q 21' X 1?-6" HEATER 6.3 . 0.3 250 - 

6C6 
TRIPLE-GRID 
DETECTOR 
AMPLIFIER 

SMALL 6-PIN OF 4.H" X IA , HEATER 6.3 0.3 250 100 
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RCA Radio Tube Characteristics Chart 

USE 
Woe. te right ow 
operating conditions 
and china-iodides for 
indicated tnliCii We 

PLATE 
SUP-
ply 

VOLTS 

GRID 
MS. 
VOLTS 

SCREEN 
SUPPLY 
VOLTS 

SCREEN 
CUR- 
RENT 
idA. 

PLATE 
CUR- 
RENT 

IAA. 

A.0 
PLATE 

RESIS- 
TANCE 
OHMS 

TRAMS-
CONOUC- 

TANCE 
MUD- 
pLATE) 

RAMOS 

noun. 

CATION 
FACTOR 

LOAD 
FOR 

STATED 
POWER 
Repot 
OHMS 

POWER 
OUT-
PUT 
_ 
WATTS 

TYPE 

rólIag.te 
15 

Grid 
( -) Filamer 

Return to 
t 

1.5 30000 666 20 00-A 

CLASS A AMPLItIER 90 
135 

- 4.5 
- 9.0 

---- ---- 2.5 
3.0 

11000 
10000 

725 
800 

8.0 
6.0 ----- 0I-A 

CLASS A ARWLIFIER 90 
180 

- 3.0j 
min. 

67.5 
67.5 

0.9 
0.8 

2.2 
2.3 

600000 
1000000 

720 
750 

425 
750 

----- ----- 1A4 

ÇORNERTER 135 
180 

- 3.01 
min. f 

67.5 
67.5 

2.5 
2.4 

1.2 
1.3 

400000 
500000 

Atuxie-G rid 
2.3 ma. Oscillator 

Conversion 

( Ai 2), 
-Grid 

Conductance, 

180 1 max. 
( iii I) 
300 

volts, 
Resistor.. 
micromhos. 

I AB 

CLASS A AMPLIFIER 90 
180 

- 3.0 
- 3.0 

67.5 
67.5 

0.7 
0.6 

1.6 
1.7 

1000000 
1500000 

600 
650 

550 
1000 184 

CLASS 4 AMPLMER 135 - 3.0 ---- ---- 0.8 35000 575 20   - 185/255  

I C6 CONVERTER 135 
180 

- 3.01 
min. f 

67.5 
67.5 

2.0 
2.0 

1.3 
1.5 

550000 
750000 

Anodc-G rid 
3.3 ma. Oscillator 
Conversion 

( ei 2): 
-Grid 

Conductance, 

113n 1 max. 
( Ai 1) 
325 

volts, 
Resistor.. 
micrornhos. 

CLASS A AMPLIFIER 135 - 4.5 135 2.6 8.0 200000 1700 340 16000 0.34 I P4 
PENTODE UNIT AS 
R-F AMPLIFIER 180 - 1.5 67.5 0.6 2.0 1000000 650 650 

PENTODE UNIT AS 
A.F AMPLIFIER 135X - 2.0 

Screen Supply, 135 
Grid Res 

volts 
stor, •• 1.0 

applied through 
megohm. 

0.8-megohm 
Voltage Gain, 

resistor. 
46. 

I F6 

Maximum 
Maximum 

A-C 
D 

Plate Voltage 
C Output Current 

350 
50 

Volts, RMS 
Milliamperes - 

CLASS A AMPLIFIER 250 -45.0 - I - 60.0 800 5250 4.2 2500 3.5 
PLISN-PULL 

CLASS AB, AMPLIFIER 
300 
300 

Self-bias, 
-62 volts, 

780 ohms 
fixed bias 

80.0 
80.0 - 

5000 
3000 

10.0t 
IS.Of 

2A3 

AMPLIFIER For other ratings and characteristics, refer to Type 42. 2A5 
TRIODE UNIT 1.5 

AMPLIFIER For other characteristics, refer to Type 75. 2A6 
CONVERTER For other characteristics, _ refer to Type 6A7. 2A7 

--
AMPLIFIER For other characteristics, refer to Type 6B7. 287 

Mashburn 
Maximum 

A-C Voltage 
-C Output 

per Plate  
Current 

350 
110 

Volts, RMS 
Milliamperes 5W4 I 

Maximum 
Maximum 

A-C Voltage 
-C Output 

per Plate  
Current 

500 
250 

Volts, RMS 
Milliamperes 5Z3 

Maximum 
Maximum 

AC Voltage 
-C Output 

per Plate  
Current 

400 
125 

Volts, RMS 
Milliamperes 5Z4 g 

CLASS A AMPLIFIER .0 
180 

_ 6.5 
-12.0 

100 
180 

1.6 
3.9 

9.0 
22.0 

83250 
45500 

1200 
2200 

100 
100 

11000 
8000 

0.31 
1.40 6A4/LA 

AMPLIFIER For other characteristics, refer to Type 6N7. 6A6 

CONVERTER 100 
250 

f - 3.01 
1 min. 1 

SO 
100 

2.5 
2.2 

1.3 
3.5 

600000 
360000 

Anode-Grid ( ei 2): 250% max. volts, 
4.0 ma Oscillator-Grid ( 4 1) Resistor*. 

Conversion Conductance, 520 micrornhos. 

6A7 

CONVERTER 1°° 
250 

i - MI 
i min. f 

5° 
100 

L S 
3.2 

1•2 
3.3 

6°0°0° 
360000 

Anode-Grid (4 2): 250% max. volts, 
4.0 ma. Oscillator-Grid ( 4 1) Resistor a. 
Conversion Conductance, 500 micrornhoe. 

6A8 II 
PENTODE UNIT AS 
R•F AMPLIFIER 

100 
250 

- 3.0 
- 3.0 

100 
125 

1.7 
2.3 

5.8 
9.0 

300000 
650000 

050 
1125 

285 
730 

- PENTODE UNIT AS 
A-F AMPLIFIER 

90N 
300 x 

Self-bias, 3500 ohms. Screen Resistor = 1.1 rneg.1 Grid Resistor,** f Gain per stage . 55 
Self-bias, 1600 ohms. Screen Resistor . l.2meg.f 0.5 megohm. IGain per stre ea 79 

687 

PENTODE UNIT AS 
R-F AMPLIFIER 250 - 3.0 125 2.3 10.0 600000 1325 800 

PENTODE UNIT AS 
R•F AMPLIFIER 

90 x 
300x 

Self-bias, 3500 ohms. Screen Resistor = 1.1 meg. Grid Resistor,” fGain per stage = 55 
Self-bias, 1600 ohms. Se  Resistor = 1.2 meg. 0.5 megohm. ¿Gain per sta e = 79 

668 

U33 A AMPLIFIER 
250 
2511, 

- 8.0 
- 5.0 

- - 
8.0 10000 1 2000 1 20 I - 
LO , Gain_per state = 14 j 

Plate current to be adjusted to U.2 milllaurpLri; 
with no signal. 

6C5 
BIAS DETECTOR 250 

I - 17.0} 
laPPrisss- 

- 
- 

AMPLIFIER 
DETECTOR For other characteristics, refer to Type 6J7. 6C6 

Usad by courtesy of RCA UNIUFACTURING CONPAMT, IHC., Copyright proprietor 
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RADIO TUBES 

TYPE NAME BASE 
SOCKET 
CONNEC- 
TIONS 

DIMENSIONS 
MAXIMUM 
OVERALL CATHODE 

TYPE a 

RATING 

FILAMENT OR 
HEATER PLATE SCREEN 

LENGTH 
X 

DIAMETER VOLTS AMPERES 
MAX. 
VOLTS 

MAX. 
VOLTS 

606 
TRIPLE-GRID 

SUPER-CONTROL 
AMPLIFIER 

SMALL ILPIN OF 4-1-1" X 1 iFg » HEATER 6.3 0.3 250 100 

6E5 ELECTRON-RAY 
TUBE 

Brant &MN SR 4r x 1h. HEATER 6.3 0.3 250+ - 

6F5 HIGH-MU TRIODE SMALL OCTAL S-PIN SM 31 " X 51 » HEATER 6.3 0.3 250 - 

.. 

6F6 POWER AMPLIFIER 
PENTODE 

SMALL 
OCTAL 7-PIN n 3r x IA. HEATER 

315 315 

250 - 
6.3 0.7 

375 250 

350 - 

6F7 TRIODE-
PENTODE SMALL 7-PIN 7E 41,1» X I A" HEATER 6.3 0.3 

100 - 

250 100 

250 100 

PM ELECTRON-RAY 
TUBE SMALL ILPIN SR 41' X 1 leg II HEATER 6.3 0.3 250+ - 

6H6 TWIN DIODE SMALL 
OCTAL 7-PIN 70 Sr ,t liFg' HEATER 6.3 0.3 - - 

6.17 
TRIPLE-GRID 
DETECTOR 
AMPLIFIER 

SMALL 
OCTAL 7-PIN 7R 31 ' X lei » HEATER 6.3 0.3 250 125 

6K7 
TRIPLE-GRID 

SUPER-CONTROL 
AMPLIFIER 

SMALL 
OCTAL 7-PIN 7R 31 » X lh » HEATER 6.3 0.3 250 125 

616 
BEAM 

POWER AMPLIFIER 
SMALL 

OCTAL 7-PIN MC 4A » X I r HEATER 6.3 0.9 

375 

375 

250 

250 

400 300 

400 300 

617 
PENTAGRID 
MIXERA 

AMPLIFIER 

SMALL 
OCTAL 7-PIN n 3i » 3c liV HEATER 6.3 0.3 

250 150 

250 100 

6N7 TWIN-TRIODE 
AMPLIFIER 

SMALL 
OCTAL 8-PIN se HEATER 6.3 0.8 300 - 

697 DUPLEX-DIODE 
HIGH-MU TRIODE 

SMALL 
OCTAL 7-PIN 7V HEATER 6.3 0.3 250 - 

6R7 
DUPLEX-DIODE 

TRIODE 
SMALL 

OCTAL 7-PIN ry 31 X 1 A » HEATER 6.3 0.3 250 - 

6X5 FULL-WAVE 
RECTIFIER 

SMALL 
OCTAL ILPIN SS 3i » X IA » HEATER 6.3 0.6 - 

I 0 
POWER AMPLIFIER 

TRIODE 
MEDIUM 4-PIN 

Bayonet 
AD sr x 2-26 » FILAMENT 7.5 1.25 425 - 
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RADIO 119'1 TUBES 

USE 

vm... to right gira 
osswetine conditions 

Art. thrtrectpristive for 
liteicatsa typical use 

PLATE 

SUP. 
my 

VÜLTS 

GRID 
Bus a 

VOLTS 

SCREEN 
SUPPLY 

VOLTS 

SCREEN 
CUR- 
RENT 

IAA. 

PLATE 
CUR-
RENT 

MA. 

A.0 
PLATE 
RESIS- 

TANCE 

Oakil 

TRANS-
CONDUC- 
TANCE 
(GRID. 
put„) 

tiAIROS 

Ampun. 
CATION 

FACTOR 

LOAD 
„„, 

STATED 
POISED 
OUTPUT  
0104S 

POWER 

OUT-
PUT 

WATTS 

TYPE 

SCREEN-GRID 
R-F AMPLIFIER 

250000 
800000 

1500 
1600 

375 
1280 - 

606 
!ADLER Ill 

SUPERHETERODYNE 
100 
250 

-10.0 
- 10.0 

100 
1 ou - Oscillator Peak Volts =7.0 

Plate& 
Grid 

Target 
Bias, - 3.3 

Supply 
volts 

... 100 vo 
Shadow 

ts. Triode 
Angle, 0 

Plate Resistor 
. Bias, 0 volts; 

= 0.5 
Angle, 

meg. Target 
90', Plate 

Current 
Current, 

- 4.5 ma. 
0.19 ma. 6E6 VISUAL 

INDICATOR Plate 
Grid 

as Target 
Bias, - 8.0 

Supply 
volts 

- 250 vo 
Shadow 

ta. Triode 
Angle, 0 

Plate Resistor 
. Bias, 0 volts; 

.. 1.0 
Angle, 

meg. Target 
90*; Plate 

Current 
Current, 

= 4.5 ma. 
0.24 ma. 

CLASS A thePI ' FIER 250 - 2.0 0.9 66000 1 1500 I 100 I   1   6F5 
250 W - 0. A - 0.4 Grid Resistor, 0.25 tr.. • Cam per stage 52 

6F6 

250 
315 

-16.5 
-22.0 

250 
315 

6.5 
8.0 

34.0 
42.0 

gouuù 
75000 

2500 
2650 

200 
200 

7000 
7000 

3.0 
5.0 

PENTODE 
CLASS A  AMPLIFIER 

TRIODE° 
CLAM A AMPLIFIER 250 -20.0 - - 31.0 2600 2700 7 4000 0.85 

375 Self bias 250 8.0 54.0 Self-Bias Resistor, 340 ohms 10000 19.0 t pr_NrroDE PUSH-PULL 
CLASS AB, AMPLIFIER 375 -26.0 250 5.0 34.0 10000 i9.0I 

TRIODE PUSHPULL a 
ELAM ABT AMPLIFIER 

350 Self-bias 
- 

50.0 Self-Bias Resistor, 730 ohms 10000 14.0t 
350 -38.0 45.0 - I   6000 18.0t 

TRIODE UNIT AS 
CLASS A AMPLIFIER 1e - 3.0 - - 3.3 16000 500 8 

PENTODE UNIT AS 
CLASS A AMPLIFIER 

100 
250 

I - 3.0 
i min. f 

100 
100 

1.6 
1.5 

6.3 
6.5 

290000 
850000 

1050 
1100 

300 
900 - 6F7 

FENTGX7 UNIT A3 
MIXER àbIre 

. 
-10.0 1,:b.? 0.6 2.8 

Oscillator 
Conversion 

Peak Volts 
Conductance 

- 7 0. 
.. 300 microinhos. 

S"SU AL 

Plate 
Grid 

es Target 
Bias, - 8 

Supply 
volts; 

100 vo 
Shadow 

ta. Triode 
Angle, V 

Plate Resistor 
Bias, 0 volts; 

.. 0.5 
Angle, 

meg. Target 
90'; Plate 

Current 
Current, 

- 4.3 co:. 
0.19 ma. 

INdICATOR Plate& 
Grid 

Target 
Bias, - 22 

Supply 
volts; 

- 230 ...,..,.. e. 
Shadow 

Trior-li. 
Angle, Ce. 

Plate Resistor 
Bias, 0 volts; 

.. 1.0 
Angle, 

meg. Target 
9u'; Plate 

Current 
Corrent, 

- 4.5 ma. 
0.24 inn 

6G5 

TWIN-DIODE 
DETECTOR 
RECTIFIER 

Maximum 
Maximum 

A-C 
D-C 

Voltage per 
Output Current 

Plate.   100 Volts 
4 Milliamperes 

RMS 6116 

SCREEN-GRID 
R-F AMPLIFIER 

100 
250 

- 3.0 
- 3.0 

100 
100 

0.5 
0.5 

2.0 
2.0 

1000000 
1.5 + 5 

1185 
1225 

1185 
1500+ - 

SCREENCRID 
A.F AMPLIFIER 

901 
3001 

Self- bias, 
Self-bias, 

2600 ohms. 
1200 ohms. 

Screen 
Screen 

Resistor = 
Resistor .. 

1.2 meg. 
1.2 meg. 

Grid Resistor, •• 
f 0.5 megohm. 

(Gain 
,Gain 

per stage 
per stage 

= 85 
= 140 

6J7 

BIAS DETECTOR 360 .... 4.3 100 
Cathode 

0 43 
current 
ma. 

- 
1 Plate Resistor, 

Grid Resistor, 
500000 ohms. 
250000 ohms 

SCRFEN.GRID 
R-F AMPLIFIER 

90 
250 

- 3.01 
soin. J 

90 
125 

1.3 
2.6 

5.4 
10.5 

315000 
600000 

1275 
1650 

400 
990 - 6K7 

MIXER IN 
SUPERHETERODYNE 230 -10.0 100 - - Oscillator Peak Volts .. 7.0 

SINGLE-TUBE 250 -14.0 250 5.0 72.0   I   I   2500 
2500 

6.5 
6.5 CLASS A, AMPLIFIER 250 Self- bias 250 5.4 75.0 Self-Bias Resistor, 170 ohms 

PUSH.PULL 250 -16.0 250 10.0 120.0 -  i   5000 
5000 

14.5t 
13.8t CLASS A, AMPLIFIER 250 Self- bias 250 10.0 120.0 Self-Bias Resistor, 125 ohms 

PUSH-PULL 400 -25.0 300 6.0 102.0 - I   6600 
6600 

34.0t 
32.01 

6L6 
CLASS A13, AMPLIFIER 400 Self- bias 300 7.0 112.0 Self-Bias Resistor, 200 ohms 

PUSH.PULL 
CLASS AB, AMPLIFIER 

400 
400 

-20.0 
-25.0 

250 
300 

4.0 
6.0 

88.0 
102.0 - 

6000 
3800 

40.0 t 
60.0t 

MIXER IN 
SUPERHETERODYNE 250 - 3.0 100 6.2 2.4 

Oscillatoi 
Grid 
Conversion 

-Grid 
a 3 Peak 

Conductance, 

( a 3) Bias, 
Swing, 12 

-10 volts. 
volts min 
350 micromhos. 6L7 

CLASS A AMPLIFIER 250 
- 3.0 
min.4 

100 5.5 5.3 800000 1100 880 

CLASS A AMPLIFIER 
iAt Ili.t.i1e 

250 
204 

- 5.0 
- 6.0 

6.0 
7.0 

11300 
11000 

3100 
3200 

35 
35 

20000 
or more 

exceeds 
0.4 

CLASS B AMPLIFIER 250 
300 

o 
0 

Power 
stated 
output is for one tube ' r 

plate- to-plate load. 
8000 
10000 

8. 0 
10.0 

6N7 

TFtIODE UNIT AS 
100 
250 

- 1.5 
- 3.0 - 

0.35 
1.1 

87500 I 800 I 70 
58000 I 1200 I 70 

CLASS A AMPLIFIER 100°C. 
250 R 

- 1.1 
- 2.0 - 

0.25 
0.5 

f Grid Resistor, •• Gain per stage .. 35 
0.5 megohm f Gain per stage = 43 

6p7 

TR I ODE CNIT AS 250 - 9.0 9.5 8500 I 1900 1 16 J 10000 1 0.28 
CLASS A AMPLIFIER 250 V - 6.0 - 1.3 Grid Resistor, " 0.5 meg. ain per stage = 12 6R7 

Maximum A-C Voltage per Plate. . 350 Volts, RMS 
Maximum D C Outpu Current 75 Milliamperes 6X5 

CLASS A AMPLIFIER 350 
425 

-32.0 
-40.0 --- 

16.0 
lg.() 

5150 
5000 

1550 

1600 
8.0 
8.0 

11000 
10200 

0.9 
1.6 

i 0 
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RADIO TUBES 

DIMENSIONS RATING 

TYPE NAME BASE 

SOCKET 

CONNEC• 

MAXIMUM 

OVERALL 
CATHODE FILAMENT OR 

HEATER PLATE SCREEN 
TYPE. 

TIONS LENGTH 
X 

DIAMETER VOLTS AMPERES 

MAX. 
VOLTS 

MAX. 
VOLTS 

11 

12 

DETECTOR* 
AMPLIFIER 
TRIODE 

WO 4-PIN 
MEDIUM 4-PIN 

Bayonet 

4F 

40 

41 X 1 ile " 

411 X i Jr, " 

D-C 
FILAMENT 1.1 0.25 135 - 

1 2Z3 
HALF-WAVE 
RECTIFIER 

SMALL 4-PIN 4G 41" x ii% HEATER 12.6 0.3 --- - 

15 
R- F AMPLIFIER 

PENTODE 
SMALL 5-PIN 5F 4A,1* x 1 _,,,, HEATER 2.0 0.22 135 67.5 

19 

_ 

TWIN-TRIODE 
AMPLIFIER 

SMALL 6-PIN 6C 4r X 1196 ENT FILN 2.0 0.26 135 - 

20 POWER AMPLIFIER 
TRIODE 

SMALL 4-PIN 40 ar x 1?6" FILJ\IIACENT 3.3 0.132 135 - 

22 R-F AMPLIFIER 
TETRODE 

MEDIUM 4-PIN 4K 5315 X 1H" ENT FILZÑ 3.3 0. 132 135 67.5 

24-A R-F AMPLIFIER TETRODE MEDIUM 5-PIN SE 5313' x IH" HEATER 2.5 1.75 275 90 

II 25A6 
POWER AMPLIFIER 

PENTODE 
SMALL 

OCTAL 7-PIN 
7S 3r x IA HEATER 25.0 0.3 180 135 

2525 RECTIFIER- 
DOUBLER 

SMALL 6-PIN BE 41 X 1?6 HEATER 25.0 0.3 - -- 

25Z6 RECTIFIER-
DOUBLER 

SMALL 
OCTAL 7-PIN 

7Q 31 X i15" HEATER 25.0 0.3 - - 

26 AMPLIFIER 
TRIODE 

MEDIUM 4-PIN 40 4 fr X FILAMENT 1.5 1.05 180 ___ 

27 
DETECTOR* 
AMPLIFIER 
TRIODE 

MEDIUM 5-PIN 5A 41 X 10" HEATER 2.5 1.75 275 - 

30 
DETECTOR* 
AMPLIFIER 
TRIODE 

SMALL 4-PIN 40 

4D 

ar x IA'   FILADMCENT 2.0 0.06 180 - - 

41" x 1,-6 9" FILAMENT 2 . 0 03 .1 180 - 
31 

POWER AMPLIFIER 
TRIODE 

SMALL 4-PIN 

32 R-F AMPLIFIER 
TETRODE 

MEDIUM 4-PIN 4K 5313" X 1H" FILAMENT 
2.0 0.06 180 67.5 

33 
POWER AMPLIFIER  

PENTODE 
MEDIUM 5-PIN 5K Viix ltr D-C 

FILAMENT 2.0 0.26 180 180 

34 
SUPER-CONTROL 
R-F AMPLIFIER 

PENTODE 
MEDIUM 4-PIN 4M 5313 X 11-1 

0-0 
FILAMENT 2.0 0.06 180 67.5 

35 
SUPER-CONTROL 
R-F AMPLIFIER 

TETRODE 
MEDIUM 5-PIN SE 5ei " X 11H" HEATER 2.5 1.75 275 90 

36 R-F AMPLIFIER TETRODE SMALL 5-PIN 5E 41; ' x 1 i', ' HEATER 6.3 0.3 250 90 

37 
DETECTOR* 
AMPLIFIER 
TRIODE 

SMALL 5-PIN SA 41 x 1e6 . HEATER 6.3 0.3 250 - 

38 POWER AMPLIFIER PENTODE SMALL 5-PIN SF 4&-I x 1,%'' HEATER 6.3 0.3 250 250 

39/44 
SUPER-CONTROL 
R-F AMPLIFIER 

PENTODE 
SMALL 5-PIN 5F 4H" X IA" HEATER 6.3 0.3 250 90 

40 
VOLTAGE 
AMPLIFIER 
TRIODE 

MEDIUM 4-PIN 
Bayonet 4D afr x lir 

D.0 
FILAMENT 5.0 _9.25_ 180 - 

41 
POWER AMPLIFIER  

PENTODE 
SMALL 6-PIN 68 41 X 1 ' ' HEATER 6.3 0.4 250 250 

20 
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RADIO TUBES 

USE 

Vahan to right give 
IWorating readltInne 
and characteristics tor 
Indicated tYldcM Re. 

PLATE 
SUP. 

. 
PLY 

VOLTS 

BIAS a 
VOLTS 

SCREEN 
SUPPLY 
VOLTS 

SCREEN 

CUR- 
RENT 
MA. 

PLATE 
OR-
RENT 
MA. 

A•C 
PLATE 
RESIS. 

TANCE 
OHMS 

TRANS-
CONOUC• 
TANCE 
(GRID- 
PLATE) 

aillIOS 

Ampun. 
CATION 

FACTOR 

LOAD 
FOR 

RATED 
POWER 
OUTPUT 
OIIMS 

POWERGRID 
OUT 
PUT 

WATTS 

TYPE 

CLASS A AMPLIFIER 90 
135 

- 4.5 
-10.5 - 

2.5 
3.0 

15500 
15000 

425 
440 

6.6 
6.6 ---- 

II 
12 

Maximum A-C Plate Voltage 
Maximum D-C Output 

250 Voltq, RMS 
Curren 60 Milliam res 

1223 

CLASS A AMPLIFIER 67.5 
135 

- 1.5 
- 1.5 

67.5 
67.5 

0.3 
0.3 

1.85 
1.85 

630000 
800000 

710 450 
750 600 15 

CLASS 13 AMPLiiith J'35 135 
0 

- .3.0 - 
Power Output is for one tube at 

stated . late-to-plate load. 
10000 
10000 

2.1 
1.9 19 

CLASS A AMPLIFIER 0 
135 

=16.5 
-22.5 - 

8000 
6300 

415 
525 

3.3 
3.3 

9600 
65on 

0,045 
0.110 

20 
SCREEN-GRID 
R.F AmpuFIER 

135 
135 

- 1.5 
- 1.5 

45 
67.5 

0.6* 
1.3' 

725000 
325000 

375 
500 

270 
160 22 

SCREEN-GRID 
R.F AMPLIFIER 

180 
250 

- 3.0 
- 3.0 

90 
90 

1.7* 
1.7 • 

d . 0 
4.0 

400000 
600000 

1000 
1050 

400 
630 - 

24-A 
BIAS DETECTOR 250S 1 

i -5.0' , 
approx.) 45 

- Plate current to be adjusted to 0.1 milliampere 
with no signal. 

25A68 

2525 

251 

26 

CLASS A AMPLIFIER 95 
180 

-15.0 
-20.0 

95 
135 

4.0 
7.5 

20.0 
38.0 

45000 
40000 

2000 
2500 

90 
100 

4500 
5000 

0.9 
2.75 

VOLTAGE 
DOUBLER 

Maximum A-C Voltage per Plate , ... 125 Volts, RMi 
Maximum D-C Ouaut Current . .100 Milliamperes 

HALF-WAVE 
RECTIFIER 

Maximum A-C Voltage per Plate t . ..250 Volts, RMS 
Maximum D-C Output Current per Plate . 85 Milliamperes 

VOLTAGE 
DOUB1,F...8 

Maximum A-C Voltage per Plate 125 Volts, RMS 
Maximum D-C Output Current . .. 85 Milliamperes 

HALF-WAVE 
RECTIFIER 

- 
rri g. A-C Vultv Maximu . per P1nre t 250 Volts, RMS 

Maximum D-C Output Current per Plate 85 Milliampei C3 

CLASS A AMPLIFIER- 
90 
180 

- 7.0 
-14.5 - 

2.9 
6.2 

8900 
7300 

935 
1150 

8.3 
8.3 - 

CLASS A AMPLIFIER 135 
250 

- 9.0 
-21.0 - 

4.5 
5.2 

9000 
9250 

1000 
975 

9.0 
9.0 

-- -- 

27 BIAS DETECTOR 250 f - 30.0 
approx. f - 

Plate current o be adjusted to 0 2 milliampere 
with no signal. 

CLASS A AMPLIFIER 
YO 
135 
180 

- 4.5 
- 9.0 
-13.5 

- - 
2.5 
3.0 
3.1 

11000 
10300 
10300 

850 
900 
900 

9.3 
9.3 
9.3 
- - 

30 
CLASS 0 AMPLIFIER 157.5 -15.0 - - 1.0 - - - 8000 2. IT 

CLASS A AMPLIFIER 
135 
180 

-22.5 
-30.0 - 

8.0 
12.3 

4100 
3600 

925 
1050 

3.8 
3.8 

7000 
5700 

0.185 
0.375 31 

SCREEN-GRID 
R.F AMPLIFIER 

135 
180 

- 3.0 
- 3.0 

67.5 
67.5 

0.4 * 
0.4* 

1.7 
1.7 

950000 
1200000 

640 
650 

610 
780 - - 

32 BIAS DETECTOR 180 111 
f -  6.0 
approx. 67 . 5 - 

Plate current o be adjusted to 0 2 milliampere 
with no signal. 

CLA.SS A AMPLIFIER 180 -18.0 180 5.0 22.0 55000 1700 90 6000 1.4 33 
SCREEN-GRID 
R.F AMPLIFIER 

135 
180 

f - 3.0, 
1 min. f 

67.5 
67.5 

1.0 
1.0 

2.8 
2.8 

600000 
1000000 

600 
620 

360 
620 34 

SCREEN-GRID 
R-F AMPLIFIER 

180 
250 

f - 3.0; 
1 min. f 

90 
90 

2.5* 
2.5* 

6.3 
6.5 

300000 
400000 

1020 
1050 

305 
420 - 35 

SCREEN-GRID 
R-F AMPLIFIER 

100 
250 

- 1.5 
- 3.0 

5.5. 

90 
- 
1.7* 

1.8 
3.2 

550000 
550000 

850 
1080 

470 
595 - - 

36 
BIAS DETECTOR  1000 

2509 
- 5.0 
- 8.0 

55 
90 - 

Grid- bias values are approximate. Plate current to be 
adjusted to 0.1 milliampere with no signal. 

CLASS A AMPLIFIER 90 
250 

- 6.0 
-18.0 - 

2.5 
7.5 

11500 
8400 

ROO 
1100 

9.2 
9.2 

- - - 

37 
BIAS DETECTOR 90 

250 
-10.0 
-28.0 -  

Grid bias values are approximate. Plate current to be 
adjusted to 0.2 milliampere with no signal. 

CLASS A AMPLIFIER 100 
250 

- 9.0 
-25.0 

100 
250 

1.2 
3.8 

7.0 
22.0 

1 40000 
100000 

875 
1200 

120 
120 

15000 

10000 

0.27 

2.50 38 
SCREEN-GRID 
R-F AMPLIFIER 

90 
250 

- 3.0' 
min. f 

90 
90 

1.6 
1.4 

5.6 
5.8 

375000 
1000000 

960 
1050 

360 
1050 

---- 39/44 

CLASS A AMPLIFIER 135W 
1401( 

- 1.5 
- 3.0 - 

0.2 
0.2 

150000 
150000 

200 
200 

30 
30 
_ _ 40 

CLASS A AMPLIFIER 100 
250 

- 7.0 
-18.0 

100 
250 

1.6 
5.5 

9.0 
32.0 

103500 
68000 

1450 
2200 

150 
150 

12000 
7600 

0.33 

3.40 41 
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RADIO TUBES 

SOCKET 
TYPE NAME BASE CONNEC. 

WINS 

DIMENSIONS 
MAXIMUM 
OVERALL 
LENGTH 

X 
DIAMETER 

CATHODE 
TYPE 

RATING 

FILAMENT 011 
REATE1 PLATE SCREEN 

MAX. MAX. 

VOLTS AMPERES VOLTS VOLTS 

POWER AMPLIFIER 
42 PENTODE 

MEDIUM 6-PIN as sir x ifj HEATER 6.3 0.7 

315 315 

315 

375 250 

350 

43 POWER AMPLIFIER 
PENTODE 

MEDIUM 6-PIN 68 4ir X HEATER 25.0 0.3 180 135 

45 POWER AMPLIFIER TRIODE MEDIUM 4.PIN 40 4fr x ifr FILAMENT 2.5 1.5 275 

DUAL-GRID 46 POWER AMPLIFIER MEDIUM 5-PIN sc sr x 2?« . FILAMENT 2.5 1.75 

250 - 

400 - 

47 POWER AMPLIFIER PENTODE MEDIUM 5-PIN 58 5r X 21V FILAMENT 2.5 1.75 250 250 

48 POWER AMPLIFIER D-C 
TETRODE MEDIUM 6-PIN as sr x 2116" HEATER 30.0 0.4 125 100 

DUAL-GRID 
49 POWER AMPLIFIER MEDIUM 6-PIN EC 41-r X lir 

D-C 
FILAMENT 2.0 0.12 

135 

180 

50 POWER AMPLIFIER MEDIUM 4-PIN 
TRIODE Bayonet 

4D 61" x 217e . FILAMENT 7.5 1.25 450 

53 TWIN-TRIODE 
AMPLIFIER 

MEDIUM 7-PINO 70 41-1' x ilr HEATER 2.5 2.0 300 

55 DUPLEX-DIODE 
TRIODE 

SUPER-TRIODE 
AMPLIFIER 
DETECTOR* 

SMALL 6-PIN 60 44 X 1* . HEATER 2.5 1.0 250 

56 SMALL 6-PIN 5A 4. X lieg' HEATER 2.5 1.0 250 

57 
TRIPLE-GRID 
DETECTOR 
AMPLIFIER 

SMALL 6-PIN 6F 4fr HEATER 2.5 1.0 250 

58 
TRIPLE-GRID 

SUPER-CONTROL 
AMPLIFIER 

SMAI L 6- PIN OF 41-V X HEATER 2.5 1.0 250 

100 

100 

59 
TRIPLE-GRID 

POWER AMPLIFIER MEDIUM 7-PINO 7A 5/ X 2-114. HEATER 2.5 2.0 

250 

250 250 

400 

71 -A POWER AMPLIFIER 
TRIODE 

MEDIUM 4-PIN 
Bayonet 

40 41-r. 1/1" FILAMENT 5.0 0.25 180 

75 DUPLEX-DIODE 
HIGH-MU TRIODE 

SMALL 6-PIN 6G 4H . X liTc » HEATER 6.3 0.3 250 - 

76 
SUPER-TRIODE 
AMPLIFIER 
DETECTOR* 

SMALL 0-PIN SA 41,, X 1-12g. HEATER 6.3 0.3 250 - 

77 
TRIPLE-GRID 
DETECTOR 
AMPLIFIER 

SMALL 6-PIN 6F 44-1' X HEATER 6.3 0.3 250 100 

78 
TRIPLE-GRID 

SUPER-CONTROL 
AMPLIFIER 

SMALL 6-PIN 6F 4fr x HEATER 6.3 0.3 250 125 
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RADIO TUBES 

USG 

Vex to rldlit on 
waling condltions 
and obaractorletlea tor 
Indicant typical IMO 

PLATE 
SUP-
my 

TOLTS 

GRID 
SIAS@ 
VOLTS 

SCREEN 
SUPPLY 
VOLTS 

SCREEN 
CUR- 
RENT 
IAA. 

PLATE 
CUR- 
RENT (GRID- 

MA. 

IC 
PLATE 
RES'S- 
TANCE 

OHMS 

TRANS-
CONDUC- 

TANCE 
nATE) 

palHOS 

AMPLIFI- 
CATION 

FACTOR 

LOAD 
FOR 

STATED 
POWER 
OUTPUT 
OHMS 

POWER 

OUT- 
PUT 

WATT1 

TYPE 

PENTODE 
CLASS A AMPLIFIER 

250 
315 

-16.5 
-22.0 

250 
315 

6.5 
8,0 

34.0 
42.0 

80000 
100000 

2350 
2690 

190 
260 

7000 
7000 

3.0 
5.0 

42 

TRIODE° 
CLAS.S A AMPLIFIER 250 -20.0 - - 31.0 2700 2300 6.2 3000 0.65 

PENTODE PUSH-PULL 
CLASS AB2 AMPLIFIER 

375 
375 

Self-bias 
-26.0 

250 
250 

8.0 
5.0 

54.0 
34.0 

Self-Bias Resistor, 340 ohms 10000 
10000 

19.0t 
19.0t ---- - 

TRIODE PUSH-RU.0 
CLASS AB2 AMPLIFIER 

350 
350 

Self-bias, 730 ohms 
-38.0 volts, fixed bias 

50.0 
45.0 ---- - 

10000 
6000 

14.0t 
18.0i 

CLAM A AMPLIFIER 95 
180 

-15.0 
-20.0 

95 
135 

4.0 
7.5 

20.0 
38.0 

45000 
40000 

2000 
2500 

90 
100 

4500 
5000 

0.90 
2.75 43 

CLASS A AMPLIFIER 180 
275 

-31.5 
-56.0 

- - 31.0 
36.0 

1650 
1700 

2125 
2050 

3.5 
3.5 

2700 
4600 

0.82 
2.00 

45 
CLASS AB, AMPLIFIER 275 

275 Self -bias, 775 ohms 
-68.0 volts, fixed bias 

72.0 
28.0 --- - -- - 

5060 
3200 

12.0t 
18 Of 

CLASS A AMPLIFIER O 250 -33.0 22.0 2380 2350 5.6 6400 1.25 

48 CLASS 0 AMPLIFIER, 4300g 0 0 __ ___ 8.0 
12.0 - ,. - 5200 

5800 
16.0t 
20.0t 

CLASS A AMPLIFIER 250 -16.5 250 6.0 31.0 60000 2500 150 7000 2.7 47 

TETRODE 
CLASS A AMPLIFIER 

96 
125 

-19.0 
-20.0 

96 
100 

9.0 
9.5 

52.0 
56.0 

3800 
3900 

1500 
1500 

2.0 
2.5 48 its-RODE PUSH PULL 

CLASS A AMPLIFIER 123 -20.0 160 ---- 100.0 - - - 3000 5.0f 

CLASS A AMPLIFIER° 13$ -20.0 ---- ---- 6.0 4175 1125 4.7 11000 0.17 
49 CLFTSS B AMPLIFIER* 1110 0 ---- _ -- 4.0 ---- - - 12000 3.5} 

CLASS A AMPLIFIER 
300 
400 
450 

-54.0 
-70.0 
-84.0 - - 

35.0 
55.0 
55.0 

2000 
1800 
1800 

1900 
2100 
4100 

3.8 
3.8 
3.8 

4600 
3670 
4350 

1.6 
3.4 
4.6 

5U 

AMPLIFIER 

. _ 

For other characteristics, refer to Type eN7. 53 

TRIODE UNIT AS 
AMPLIFIER For other characteristics, refer to Type 85. 55 
AMPLIFIER 
ue fECTOR For other characteristics, refer to Type 76. 56 

AMPLIFIER 
DETECTOR 

- 

For other characteristics, refer to Type 6J7. 57 

AMPLIFIER 
MIXER For other characteristics, refer to Type 6D6. 58 

TRIODE , 
CLASS A AMPLIFIER 250 -28.0 ---- ---- 26.0 2300 2600 6.0 5000 1.25 

59 
PENTODE•• 

CLASS A AMPLIFIER 250 -18.0 250 9.0 35.0 40000 2500 100 6000 3.0 

TRIODES 
CLASS 8 AMPLIFIER 

300 
400 

0 
0 
- 20.0 

26.0 
 4600 

6000 
15.0t 
20.0t 

CLASS A AMPLIFIER 90 
180 

-19.0 
-43.0 - 

10.0 
20.0 

2170 
1750 

1400 
1700 

3.0 
3.0 

3000 
4800 

0.125 
0.790 7I-A 

TRIODE UNIT AS 
CLASS A AMPLIFIER 250 X - 1.35 - - 0.4 - - Gain per stage 50-60 75 

CLASS A AMPLIFIER 
100 
250 
2504, 

- 5.0 
-13.5 
- 9.0 

---- ---- 
2.5 
5.0 
hp 

12000 
9500 

____ 

1150 
1450 

_____ 

13.8 
13.8 

_____ 
----- -----

76 
BIAS DETECTOR 

- FCIEEN.c.Riu 

250 
f - 20.0i 
)approx.f - - 

Plate current o be adjusted to 0.2 milliampere 
with no signal. 

R.F AMPLIFIER 
100 
250 

- 1 S 
- 3.0 

60 
100 

0.4 
0.5 

1.7 
2.3 

650000 
1500000 

1100 I 
1260 I 

715 
15170 

minor, 250000 
•• 

- I 
ohms. 

250000 ohms. 

- 
77 

BIAS DETECTOR 250 - 1.95 50 Cathode current 
0.65 ma. 

_ Plate 
Grid Resistor, 

AMPLIFIER 
MIXER For other characteristics, refer to Type 6K7. 78 
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RADIO TUBES 

TYPE NAME BASE 
SOCKET 
CONNEC• 
TIONS 

DIMENSIONS 
MAXIMUM 
OVERALL CATHODE 

TYPE a 

RATING 

FILAMENT OR 
HEATER PLATE SCREEN 

LENGTH 
X 

DIAMETER VOLTS AMPERES 
MAX. 
VOLTS 

MAX. 
VOLTS 

79 TWIN-TRIODE 
AMPLIFIER SMALL 6-PIN 6H 4'," x 1 -,96 HEATER 6.3 0.6 250 — 

80 FULL-WAVE 
RECTIFIER MEDIUM 4-PIN 4C 411" X 11-ir FILAMENT 5.0 2.0 — — 

81 HALF-WAVE 
RECTIFIER 

MEDIUM 4-PIN 
Bayonet 48 61 X 2,-76" FILAMENT 7.5 1.25 — — 

82 FULL-WAVE> 
RECTIFIER MEDIUM 4-PIN 4E 411 X Ite FILAMENT 2.5 3.0 — — 

83 
FULL-WAVE> 
RECTIFIER MEDIUM 4-PIN 4C 5r X 2,16 FILAMENT 5.0 3.0 — — 

83-v FULL-WAVE 
RECTIFIER MEDIUM 4-PIN 4L 41-1 X 11-Z" 2.0 — — 

84/6Z4 FULL-WAVE 
RECTIFIER SMALL 5-PIN 5D 41 X I*" HEATER 6.3 0.5 — — 

85 DUPLEX-DIODE 
TRIODE SMALL 6- PIN 6G 41 X 1-A" HEATER 6.3 0.3 250 — 

TRIPLE-GRID 
POWER AMPLIFIER SMALL 6-PIN 6F 41i" X 1-A" HEATER 6.3 0.4 

250 — 

250 250 

250 — 

V-99 
X -99 

DETECTOR* 
AMPLIFIER 
TRIODE 

SMALL 4-NUB 
SMALL 4-PIN 

4E 
40 

3 X 1* " 

" 15-e" 4 x 5 
D-C 

FILAMENT 3.3 0.063 90 — 

112-A 
DETECTOR* 
AMPLIFIER 
TRIODE MEDIUM 4-PIN Bayonet 4D 41-1' X if 

D-C 
FILAMENT 

5.0 0.25 180 — 

874 VOLTAGE 
REGULATOR 

MEDIUM 4-PIN 
Bayonet 4S 5Z" X 226 -- _ _ — 

876 CURRENT 
LA REGUTOR 

MOGUL 
SCREW 

__ 
8" X 2 TI6 " FILAMENT — — — — 

886 
CURRENT 

REGULATOR 
MOGUL 
SCREW 

— X 2 i',, FILAMENT — — — 

*For Grid-leak Detection—plate volts 45, grid return to filament or to cathode. 

•Either A. C. or D. C. may be used on filament or heater, except as specifically noted. For use of D.C. on A-C 
filament types, decrease stated grid volts by (approx.) of filament voltage. 

It Supply voltage applied through 20000-ohm voltage-dropping resistor. 

B. Mercury-Vapor Type. 

"Grid ins I is control grid. Grid e 2 is screen. Grid * 3 tied to cathode. 

'f,Grid 5 1 is control grid. Grids 52 and e 3 tied to plate. 

a Grids e 1 and 5 2 connected together. Grid 53 tied to plate. 

0 Grids 53 and A 5 are screen. Grid Pi 4 is signal-input control grid. 

*Grids 52 and 54 are screen. Grid el is signal-input control grid. 

+Triode Plate-Supply Voltage and Max. Target Voltage; Min. Target Voltage = 90 volts. 

°Both grids connected together; likewise, both plates. 

eower output is for two tubes at stated plate-to-plate load. 
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RADIO TUBES 

USE 
Values to We piss 
operatIns condttlons 
and characteristics toe 
Indicated typical au 

PLATE 
SUP-
pLy 

Item 

GRID 
BIAS me 
VOLTS 

SCREEN 
SUPPLY 
VOLTS 

SCREEN 
,„ 
""-- 
RENT 
re 

PLATE 

CUR- 
RENT 
au. 

A-C 
PLATE 
RES1S• 
TANCE 
OHMS 

TRANS-

COMM' 
TANCE 
(COW- 
KATE) 

p1010S 

AMPUF1. 
CATION 
FACTOR 

LOAD 
COO 

STATED 
POWER 
OUTPUT 
01411S 

POWER 

OUT. PUT 
WATTS 

TYPE 

180 0 Power Output is for one tube at 7000 5,5 CLASS li AMPLIFIER 
 250  250 0 

- - 
stated plate-to-plate load. 14000 8.0 79 

A-C Vidtage per Plate (Volts RMS). . 350 400 550 The 550-volt rating applies to filter circuits having an 
D-C Output Current (Maximum MA.) 125 110 135 input choke of at least 20 henries. 80 

Maximum A-C Plate Voltage   700 Volts, RMS 
Maximum D-C Output Current .   85 Milliamperes 81 

Maximum A-C Voltage per Plate 500 Volts, RMS Maximum Peak Inverse Voltage. 1400 Volts 
Maximum D-C Output Current 125 Milliamperes Maximum Peak Plate Current .. . 400 Milliamperes 82 
Maximum A-C Voltage per Plate . 500 Volts, RMS Maximum Peak Inverse Voltage 1400 Volts 
Maximum D-C Output Current 250 Milliamperes Maximum Peak Plate Current . . 800 Milliamperes 83 

Maximum A..e7 ,77;17qii per Plate. ... ......... ......... .400 Volts, RMS 
Maximum D-C Output Current 200 Milliamperes 83-9 

Maximum A-C v,iige l-T. per Plate ..   350 Volts, RMS 
Maximum D-C Output Current .   60 Milliamperes 84/674 

TRIODE UNIT AS 
CLASS A AMPLIFIER 

135 
250 

-10.5 
-20.0 - - 

3.7 
8.0 

11000 
7500 

750 
1100 

8.3 
8.3 

25000 
20000 

0.075 
0.350 as 

AS TRIODE `4 160 -20.0 17.0 3300 1425 4.7 7000 0.30 
CLASS A AMPLIFIER 250 -31.0 - 32.0 2600 1800 4.7 5500 0.90 

AS PENTODE• • 100 -10.0 100 1.6 9.5 104000 1200 125 10700 0.33 
CLAM A AMPLIFIER 250 -25.0 250 5.5 32.0 7000 1800 125 6750 3.40 se 

AS TRIODES 13600 2.50T 
CLASS B AMPLIFIER 180 0 ---- ---- 8.° ---- - 9400 3.S0t 

v-89 
CLASS A AMPLIFIER 90 - 4.5 - - 2.5 15500 425 6.6 - - x.99 

CLASS A AMPLIFIER 90 
180 

- 4.5 
-13.5 - 

5.0 
7.7 

5400 
4700 

1575 
1800 

8.5 
8.s - ----- 1124 

Minimum D-C Starting Supply Voltage .. 125 Volts D-C Operating Current 10-50 Ma ' 

D-C Operating Voltage  90 Volts Maximum Current (Continuous) ..... ............. .....50 Ma. 874 

Voltage Range  .40 to 60 Volts Operating Current 1.7 Amperes 
- 

878 
Voltage Range.... .  40 to 60 Voits Operating Current 2.05 Amperes 8E18 

• Applied through plate resistor of 250000 ohms or 500-henry choke shunted by 0.25-megohm resistor. 
'Applied through plate resistor of 100000 ohms. 

x Applied through plate resistor of 250000 ohms. 'Maximum. 

.50000 ohms. 4 Megohms. 
• Requires different socket from small 7-pin. 

OGrid It 2 tied to plate. + Grids It 1 and 8 2 tied together. ”For grid of following tube. 

• Plate voltages greater than 125 volts RMS require 100-ohm series-plate resistor. 
00 Applied through plate resistor of 150000 ohms. 

• For signal.input control-grid (8 1); control.grid g 3 bias, - 3 volts. 

"Applied through 200000-ohm plate resistor. 

Natal: Types with octal bases have Miniature Metal Cap; all others have Small Metal Cap. 
Note 2: Subscript 1 on class of amplifier service (as AB I) indicates that grid current does not flow during any part of 

input cycle. 

Subscript 2 on class of amplifier service (as A13,) indicates that grid current flows during some part of the 
input cycle. 
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RADIO TUBES 

INDEX OF TYPES BY USE AND BY CATHODE VOLTAGE 

Tubes of All- Metal construction are shown in BOLD FACE 

CATHODE 
VOLT! RECTIFIERS 

VOLTAGE AMPLIFIERS 
Includmg Duplex- Diode Type, 

POWER AMPLIFIERS 

I.I - 11, 12 

1.5 - 26 

2.0 - 1A4, 1A6, 1134, 1B5/25S, 1F6, 15, 30, 32, 34 1F4, 19, 31, 33, 49 

2.5, 82 
2A6, 2B7, 24-A, 27, 35. 

55,56,57,58 
2A3, 2A5, 45, 46. 

47,53,59 

3.3 22, 99 20 

5.0 SVIA, 523, 5Z1, 80, 83, 83-v 01 -A, 40, 112-A 7I-A, 112-A 

6.3 6H6, 6)(5, 1 -v, 84, 624 
687, OEM eS, 6C6, 606, 6F5, 6F7, Si?, 61(7, 
6L7, 6Q7, 6117, 36, 37, 39,44, 75, 76, 77, 78, 85 

6A4, 6A6, 6F6, 6L6, 
6117, 38, 41, 42, 79, 89 

7.5 81 10, 50 

12.6 1223 

25.0 2525, 2SZ6 25.116, 43 

30.0 48 

CATHODE 
IdOLTI 

CONVERTERS IN 
SUPERHETERODYNES DETECTORS 

MIXER nigh 
IN SUPERHETERODYNES 

INDICATORS 
(Visual) 

1.1 _ II, 12 

1.5 - 

2.0 IA6, 106 1A6, IB5,25S, 1F6, 30, 32 1A6, IC6, 34 

2.5 2A7 
2A6, 2B7. 24-A, 27, 

55, 56, 57 
2A7, 35, 58 

3.3 _ 99 

5.0 - 00-A, 01-A, 40, 112-A 

6.3 6A7, 6A8 
6137, 688, 605, 

6R7, 
6C6, 6F7, Si?,6116, 6Q7, 

36, 37, 75, 76, 77, 85 
6A7, 6A8, 6D6, 6H7, 

6L7, 39/44, 78 
6E5, 605 

7,5  
12.6  
25.0 _  

30.0 ___ 

Concluded from page 15. 

RCA-2586-G: 

Characteristics: 

Heater Voltage 25.0 a -C or d-c Volts 
Heater Current 0.3 Ampere 
Plate Voltage 95 Volts 
Screen Voltage 95 Volts 
Grid Voltage -lb Volts 
Plate Current 45 Milliamperes 
Screen Current 4 Milliamperes 
Plate Resistance Subject to considerable variation 
Transconductance 4000 Micromhos 
Load Resistance 2CCO Ohms 
Power Output ( 1C% Distortion) 1.75 Watts 

* 

KEY TO TERMINAL DESIGNATIONS OF SOCKETS 

Alphabetical subscripts D, r, and r indicate, respectively, diode unit, pentode unit, 

and triode unit in multi-unit types. 

Numerical subscripts are used ( 1) in multi-grid types to indicote relative position of grids 

to cathode or filament, and ( 2) in multi-unit types to differentiate between two identical 
electrodes which would otherwise hove the some designation. 

BP Bayonet Pin 
F Filament 

G = Grid 

H = Heater 
K = Cathode 

NC = No Connection 

P Plate 
PBF Beam-Forming Plates 

TA -= Target 
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4F 

41.1 

GI 

SC 

111A 

2 02 

4C 

46 

45 

se 

RADIO TUBES 

SOCKET CONNECTIONS 
BOTTOM VIEWS 

58 

G 

3A 

SE 

PTa 

4D 

4K 

G2 

OC 

PT, 

BP 

4£ 

4L 

58 
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6F 

P02 

6M 

7C 

?A 

7D 

03 

POI 

RADIO TUBES 

SOCKET CONNECTIONS 
BOTTOM VIEWS 

PO2 PDI Gr2 

GI GT 

Cr 

G3 

6G 

68 

u 

PD2 

K P72 

3P 

072 

68 

02 

6L 

65 

H 

68 

G71 

68 

77 

PT, 

3P 

78 
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RADIO TUBES 

RCA G-TYPE RADIO TUBES 

(OCTAL-BASE, GLASS-BULB TYPES) 

In .addition to the types of tubes shown on the preceding pages, the following 
octal- base, glass-bulb types are also available. These types are identified by the 
letter "G" following the type number. For each of these types, the corresponding 
glass or metal types are indicated below, together with socket connections and overall 
dimensions. Characteristics data for the G-types, except for some differences in 
capacity values, arc the sa me as those for the corresponding types. 

G•Seties 
Type 

1C7-G 
1 D5-G 
1D7-G 
1E7-G 
I F5-G 

I F7-C; 
1H4-G 
1H6-G 
1J6-G 
5V4-G 

5X4-G 
5Y3-G 
5Y4,G 
6A8-G 
6C5-G 

6F5-(= 
6F6-G 
6H6-G 
6J7-G 
6K5-C 

6K6-G 
6K7-G 
6L6-G 
6L7-G 
6N7-G 

6Q7-G 
6R7-G 
6X5-G 
25A6-G 
25B6-G 
25Z6-G 

Glass Type Metal Type 

106 
1A4 
1A6 

1F4 

1F6 
30 

1B5/25S 
19* 
83-v 

523 
8(1 
80 
- - 6M 

6C5 

6F5 
6F6 
6H6 
6J7 

S- ee data below 

41 

See - data 

Socket 
Connections 

G-7Z 
G- 5Y 
G-7Z 
G-8C 
G-6X 

G-7AD 
G- 5S 
G-7AA 
G-7AB 
G- 5L 

G- 5Q 
G-5T 
G•5(;) 
G-8A 
G-6Q 

G-5M 
G-7S 
G-7Q 

C,-'7R ( 6p-G) 
G- 5U 

G-7S 
6K7 G-7R ( 6K7-G) 
6L6 G-7AC 
6L7 G-7T 
6N7 G•88 

6Q7 
6R7 
6X5 
25A6 

on page 12 
21Z6 

G-7V 
G-7V 
G-6S 
G-7S 
G-7S 
G-7Q 

Max. °yuan 
Dimensions 

Length z Dista. 

43i" x 112e". 
X 
X 

41/4 " Xlitg" 
4M3" In." 

4ii" x lea" 
4143" x ler" 
41/4 " x le!" 
4q" x lleff" 
45/8" X 

iee " x 21Ia" 
45/8" x lia" 
454" X 
aie" 
41/8" x 1128" 

4ia" x 
41/4 " x 
41/4 " x 
4ir 
4ii" x 

41/4 " x 
4Ai" 
5' 13a" x 

45/8" 

4ae" 
4AA" 
41/4 " x 
41/4 " x 
41/4 " x 
41/4 " x 

in " 

2.?"" 

1 IV 
lite" 

lia" 
rH" 
lite 

• Except that filament current is 0.24 ampere. § Two IF4's in the same bulb. 
NOTE: Certain G•types have an internai shield which is brought out to Pin No. I. Socket 

connections for such types designate Pin No. I as SHIELD. For G•types without SHIELD connections, 
Pin No. I is marked NC. Other symbole on socket diagrams are explained in the KEY TO TERMINAL 
DESIGNATIONS OF SOCKET CONNECTIONS on page 12. 

RCA-6K5-G: Similar to triode section of 6Q7. 
Characteristics: 

Heater Voltare 6.3 6.3 a-c or d-c Volts 
Heater Current   0.3 0.3 Ampere 
Plate Voltage   100 250 Volts 
Grid Voltage   --1.5 —3 Volts 
Amplification Factor   70 70 approx. 
Plate Resistance   78000 50000 approx. Ohms 
Transconductance   900 1400 Micromhos 
Plate Current   0.35 1.1 Milliamperes 

SOCKET CONNECTION DIAGRAMS ARE SHOWN ON THE NEXT PAGE. 
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RADIO le 'el TUBES 

SOCKET CONNECTIONS FOR G-TYPES 
BOTTOM VIEWS 

G-51. 

•2 

62 Gs 

G— 6X 

r - 
63 

K2 

G-71 

GT2 

1›, 

GYI 

G 

62 Gs 

Cu 

SHIELD KEV K 

G- 7R (6J7— G) 

P D2 PD i 
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Antenna Directivity 
If the experimenter is in possession of the 

correct theoretical data before he actually con-
structs an antenna, it is a simple matter to 
know in advance exactly what any antenna 
will do, when operated on any frequency. 
The relative height above ground, the direc-
tion in which the antenna is pointed, the 
angle of tilt, and the length of the wire or 
wires can all be calculated from charts and 
curves, such as the specimens shown in these 
pages. The use of these curves and charts 
makes it unnecessary to spend days, or even 
weeks, of cut-and-try antenna experiments. 
The useful radiation for clearly any form of 

antenna can be shown in curves, such as those 
which accompany this text. By useful radia-
tion is meant that portion which is most ef-
fective for long-distance transmission or re-
ception for the particular amateur band under 
consideration. The relative amount of radia-
tion from the sides or ends, and all other in-
termediate points of any antenna, can be read 
directly from these curves. The useful radia-
tion is that portion which starts out at an 
angle above the surface of the earth ( or hori-
zon) which will produce the strongest signal 
at the receiving point. For example, low-angle 
radiation is necessary for the high-frequency 
bands, such as 10 and 20 meters, as has been 
found by experiment through the years, by 
both commercial and amateur tests. 

It has also been found that the radiation 
of an angle of about lu degrees above the sur-
face of the earth is most effective for 10 
meter operation; the radiation at lower angles 
is reflected upward by the surface of the earth 
and is not very effective. Angles much 
greater than 10 degrees represent wasted radi-
ation, because the radio waves are not re-
flected back to the distant receiving points, to 
any great extent. 
The optimum vertical angle of radiation 

for the 20 meter band is apparently in the 
vicinity of r5 degrees above the surface of 
the earth; higher angle radiation is lost in 
the Heaviside Layer and is not usually re-
turned to earth. The radiation at lower an-
gles tends to be attenuated by ground losses 
and reflection. 

Lower frequencies ( longer wave lengths), 
such as 40 and 80 meters, are most effective 
for long-distance communication when the 
angle of radiation above the earth is in the 
vicinity of 30 degrees. This is relatively 
high-angle radiation. Very short distances re-
quire very low anglc radiation or extremely 
high angle radiation, but for all practical pur-
poses the major portion of the transmitted 
energy should be directed upward at an angle 
of 30 degrees above earth for the 40 and 80 

meter bands. Slightly higher angles are more 
likely to be best for the 80-meter hand for 
short and medium distances. 
The important point to remember is to use 

an antenna system which will transmit most 
of its energy outwardly at a vertical angle of 
10 degrees for 10 meter operation, 15 degrees 
for 20 meter operation, and 30 degrees for 
40 and 80 meter operation. Certain types of 
antennas accomplish this purpose, while others 
are apt to waste most of the energy in radi-
ation at undesired angles. A simple type of 
antenna, such as a half wave horizontal wire, 
has a relatively broad coverage in vertical 
angle radiation. The amount of radiation at 
various angles above the earth depends upon 
the height of the antenna above earth or other 
conductors 

In this discussion, up to this point, only 
those radiation angles with respect to the 
earth have been considered. No attempt has 
so far been made to discuss the radiation in 
various horizontal angles, such as North, 
South, East and West. When it is desired to 
choose an antenna which will transmit or 
receive signals to or from a given area, such 
as European coverage for American amateur 
stations, the horizontal and vertical angles of 
radiation must both be taken into considera-
tion. If 20-meter band operation is wanted, 
a vertical angle of 15 degrees above the sur-
face of the earth should be chosen as the 
angle of the greatest amount of radiation from 
the antenna system. At the same time, the 
horizontal angle should be chosen so that the 
energy is most efficiently transmitted or re-
ceived along the great circle route between 
the desired points. Use can be made of hori-
zontal directivity to increase the gain of an 
antenna in the desired horizontal direction at 
the expense of a loss in other directions. 
Most theoretical curves which have previ-

ously been published have neglected to take 
into consideration the effect of the earth near 
the antenna, and no effort was made to show 
the horizontal directivity of an antenna at 
various vertical angles above the earth. The 
curves which accompany this text show only 
the relative radiation of angles of 15 degrees 
above the horizon, such as are most effective 
for 20- meter band operation. However, the 
forthcoming 1938 edition of our large Hand-
book will show the radiation patterns for the 
same antennas at higher and lower angles 
above the earth. These curves are now in prep-
aration and several dozen will be shown. 
With the aid of the complete set of curves 

which will be in the new Handbook, the 
proper antenna can be chosen in advance for 
general coverage, or for transmission and re-

ception in only certain desired directions. 
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The curves also indicate which antennas are 
most suitable for operation in several bands, 
and the relative gain of the antenna in all 
horizontal directions for the proper vertical 
angle of radiation. The effect of height above 
ground can be seen at a glance from these 
curves. 

While the curves were calculated on the 
basis of a "perfect ground," in actual prac-
tice they are not greatly different. The pres-
ence of objects near the antenna will often 
distort the radiation pattern, however. 

Vertical half wave antennas transmit energy 
uniformly in all horizontal directions. This 
type of antenna transmits the major portion 
of its energy at a low vertical angle, if the 
antenna is high above the earth. When one 
end of the vertical half wave antenna is close 
to the ground, the earth prevents the transmis-
sion of energy at right-angles to the wire, so 
that the major portion of the radiation is at 
a vertical angle of approximately 16 degrees. 
There is zero radiation directly off the top of 
the vertical antenna, and it gradually increases 
to a maximum at the relatively low vertical 
angle of approximately 16 degrees, and then 
is zero again at zero angle or in a direction 
parallel to the horizon. As the height of a 
vertical antenna is increased above earth the 
maximum radiation is at a lower angle, which 
makes these antennas quite effective for ultra-

RADIATION PATTERN AT 

H2HEIGHT ABOVE GROUND 

high-frequency operation and often very effi-
cient for 10 and 20 meter communication. 
A horizontal half wave antenna often makes 

more effective use of the presence of the 
earth; in the horizontal directions of maxi-
mum radiation ( broadside) the horizontal 
antenna may produce more signal than a ver-
tical antenna which has the same height above 
ground as the center of the antenna. 
The horizontal antenna receives horizontally 

polarized radio waves most efficiently, so that 
this type of antenna is seldom used for ultra-
high-frequency operation. 
A radio signal may be transmitted from a 

vertical antenna with vertical polarization, but 
due to the reflection from the Heaviside 
Layer and from the earth it is largely hori-
zontally polarized by the time it reaches the 
distant receiving point. For this reason, hori-
zontal antennas are very satisfactory for re-
ceiving any of the amateur bands above 5 me-
ters in wave length. The horizontal antennas 
are less subject to pickup of man-made noise 
and automobile ignition than the vertical types 
of antennas, so that their use is highly recom-
mended. 

Horizontal antennas are usually superior to 
vertical antennas for long-distance transmis-
sion or reception in the 40 and 80 meter 
bands, since a larger proportion of the radia-

15 . ANGLE ABOVE 

HORIZONTAL - 2 ANTENNA. 
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tion angle can be confined to vertical angles 
in the vicinity of 30 degrees. A horizontal, 
half wave antenna is very nearly non-direc-
tional in a horizontal direction for high an-
gler of radiation. There is more and more 
signal gain in the horizontal directions at 
right angles to the antenna wire ( broadside) 
as the frequency is increased and high angle 
radiation becomes less and less effective. 
The polar diagram here shown gives the 

horizontal directivity of a half wave horizon-
tal antenna for various heights above ground. 
This diagram enables the reader w determine 
the transmission or reception efficiency of this 
horizontal antenna in any direction, and at 
three different heights above ground. The ef-
fect of the ground is to change the ampli-
tude of radiation, or gain, and does not 
change the relative horizontal directivity. This 
curve is especially useful for 20-meter band 
operation, since it shows the energy radiated 
at a vertical angle of 15 degrees above earth. 
The curves are plotted in db units of rela-

tive power gain or loss. The "zero db" circle 
is an arbitrary point and does not indicate 
zero radiation, since the 20 db circle, or 
points, could have been called 40 db, if de-
sired, which would make the zero points 20 
db. Db units were used because they pro-
vide the most practical curve for amateur use. 
The operator is interested in the relative 
amount of power which he can transmit in 
a given direction. 
When the received signal is increased 3 

db, this represents twice as much power out-
put from die loudspeaker or headphones; how-
ever, this 3 db increase in signal strength is 
barely perceptible to the human ear. The 
amateur is usually more familiar with signal 
strength when expressed in "R" points, such 
as R6 or R9. A difference of one R point, 
such as from R6 to R7, has been arbitrarily 
chosen by many engineers to be equal to a 
5 db gain. The polar diagrams are plotted 
both in points and in db units, for conveni-
ence. 
The direction of the horizontal antenna 

wire is indicated in the polar diagram. This 
antenna, for 20 meter operation, would be 
approximately 33 feet long and can be fed 
with any type of feeder without affecting the 
radiation pattern, providing the feeders are of 
a non-radiating type. From these curves it 
can be seen that the radiation in the direction 
of the antenna wire is 16 db down from that 
at right angles to the antenna wire. This 
amount of loss varies with the vertical angle 
above earth, and is shown in this diagram 
for an angle of 15 degrees. The value of 16 
db represents a gain or loss of slightly more 
than 3 R points, so that the half wave hori-
zontal antenna should not be used for trans-
mission or reception in the direction of the 
antenna wire, in the 20 meter band. 

This antenna is very effective over a wide 
horizontal range; the gain is a maximum at 
right angles to the wire, as the polar dia-
gram .shows; however, it drops off less than 
5 db, or one R point, in the horizontal direc-
tions 45 degrees to the wire. Thus it can be 
said that this antenna transmits or receives 
with practically equal efficiency over two hori-
zontal angles of about 90 degrees. The effi-
ciency, or gain, drops off considerably over 
the remaining portions of the 360 degree arc. 
The polar diagram shows three complete 

patterns, for various antenna heights above a 
perfect ground. The inner pattern is for an 
antenna height of a quarter wave length, 
which would be about 17 feet above the 
earth; the center pattern is for a height of 
a half wave, which would be about 34 feet 
above the earth, and the outer or larger pat-
tern is for a full wave length, which would 
be appioximately 67 feet. These figures are 
for a 20 meter antenna. 
When the height of the antenna is in-

creased from a quarter wave to a half wave 
above ground, the power gain is increased 
approximately 5 db, which is greater than 
that which can be obtained by adding a re-
flector wire to the antenna. A parasitic re-
flector wire will only add a gain of 3 db. A 
further increase in height of the antenna to 
a full wave adds another 3 db gain. The 
reason for the great difference in gain with 
respect to antenna heights is the relatively 
low angle of radiation. Lower antenna heights 
tend to confine most of the radiation to higher 
angles; these angles are of no value in moat 
cases for 20 meter communciation. Occasional-
ly, high angle radiation is desirable for long-
distance communciation on 20 meters under 
"freak" conditions, but as a general rule the 
low angle is far more satisfactory. 

It can be seen that height is a very im-
portant factor when the operator is mainly 
concerned with low angle radiation. 
The radiation pattern of a very long wire 

resonant antenna is shown in the accompany-
ing polar diagram. This antenna has a wire 
length of nearly four full waves for the de-
sired band of operation, which makes it ap-
proximately eight times as long as a half wave 
antenna. 

This antenna is often used for 20 meter 
operation, in which case the antenna wire 
should be about 275 feet long. The polar 
diagram shows the radiation pattern at a 15 
degree angle above the horizon, since this is 
the optimum angle for 20 meter operation. 
The radiation pattern is quite different from 

that of a half wave antenna, as shown in the 
preceding polar diagram. The antenna is a 
very good "end-fire" radiator, i.e., it is most 
efficient in the directions of the wire. The an-
tenna has additional minor lobes of radiation off 
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the sides of the wire; these lobes radiate more 
power in numerous broadside directions than 
previous theory would indicate. There are 
numerous directions of no radiation, or zero 
signal reception; however, these are confined 
to very narrow angles and may not be very 
noticeable to the average operator. The two 
heart-shaped large lobes of radiation are in 
reality the four major lobes of a long wire 
antenna. 

If the antenna is very high above earth the 
radiation directly in line with the wire would 
be zero, and the pattern would show four 
major lobes instead of only two. In the prac-
tical case of an antenna a half wave above 
ground, for the angle radiation of 15 degrees, 
the four lobes merge into two lobes, as shown 
in the accompanying polar diagram. 
The horizontal angle of these lobes can be 

taken from the polar diagram and a globe 
or Great Circle map can be used as an aid to 
determine the exact coverage of such an an-
tenna. When the antenna wire is put into 
position, so that it will transmit or receive 
best in the desired directions, true north 
should be used, and not magnetic north. True 
north may be as much as 20 degrees east or 
west of magnetic north for locations in the 
United States. 
A four wave antenna gives nearly 4 db 

HORIZONTAL FOUR- WAVE ANTENNA 

more gain in the optimum horizontal direction 
than can be obtained from a horizontal antenna 
a half wave above ground. This antenna is 
slightly more effective at an angle of about 
25 degrees with respect to the wire than in a 
direction in line with the antenna wire. The 
four next largest lobes of radiation are down 
about a db at their point of maximum in-
tensity, which is about 51 degrees from the 
direction of the antenna wire. The remaining 
eight minor lobes, four on each side of the 
long wire, form a reasonably complete cover-
age, but with reduced signal strength in the 
direction of these minor lobes. 
A typical antenna for 20 meter operation 

would be 275 feet long and approximately 
34 feet above the ground. This same antenna 
would correspond to a two wave antenna for 
40 meter operation, a quarter wave above 
ground,—or a full wave antenna at 80 meters. 
It would be a half wave antenna for the 160 
meter band. The resonant frequency of each 
harmonic of the antenna is not an exact 
multiple, due to the end effects; however, it 
can be operated on even harmonics if the an-
tenna is end-fed. 
On 160 meters, the radiation pattern would 

be of the shape shown in the polar diagram 
for a half wave antenna. For intermediate 
bands, the shape of the radiation pattern 
changes to other forms. 
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150 Watt Grid Modulated Phone 
A grid modulated phone transmitter 

with a single HK- 154 triode was de-
scribed in "Amateur Radiotelephony". 
The interest which this description cre-
ated has resulted in a large number of 
requests for a transmitter of somewhat 
similar design, but with greater power 
output. For this reason, the push-pull 
HK-154 grid modulated phone transmit-
ter described here was developed. 
A properly designed and operated grid 

modulated phone transmitter always has 
good quality of voice transmission. Many 
uf die gi id modulated phones on thc air 
today sound "sour", due to incorrect de-
sign of the modulator circuit, insufficient 
antenna load, or excessive grid excitation 
in the final amplifier. Insufficient an-
tenna loading is one serious cause of non-
linearity, usually resulting in audible dis-
tortion. Excessive r.f. grid excitation pre-
vents high-percentage modulation and 
good quality. The problem of maintain-
ing proper adjustment is no more diffi-
cult than with a good plate modulated 
phone transmitter, providing the operator 
is content to leave the adjustments alone 
once they have been made. 
Medium or low La tubes are particu-

larly adaptable for grid modulation. The 
type I-1K-154 tube is excellent for this 
purpose because it can be operated at 
somewhat above rated plate dissipation 
and is less critical than most tubes with 
respect to any of the usual adjustments of 
a grid modulated stage. 
The transmitter described here has 

been in use for several months at W6AJF, 
and during all of this time it was not 
necessary to make any readjustments 
whatsoever. Amateurs who have heard 
this phone on the air have stated that it 
sounds above-the-average from the stand-
point of voice quality. 

'I his grid modulated phone transmitter 
is not strictly an efficiency-type of modu-
lation device. The resting efficiency runs 
between 50% and 60%; obviously this 
efficiency cannot be doubled during 100% 

• 

The Entire Transmitter Is Contained in 
a Single Rack. 

peak modulation. The efficiency appar-
ently increases as usual for low level mod-
ulation, and the remaining power repre-
sented by a modulated wave is obtained 
from additional plate supply power re-
lease. This transmitter can be modulated 
up to 90% or 95% without noticeable 
distortion. 
The modulator required for the 150 

watt carrier from the phone transmitter 
shown here is a small amplifier tube 
which supplies not more than 3 watts of 
audio power. The audio requirement is 
about 1/40th of that needed for a plate 
modulated phone transmitter of similar 
power output. The high voltage power 
supply filter is smaller than that required 
for plate modulation for the same degree 
of hum in the carrier output. This tends 
to counteract the increased cost of the 
high voltage power supply. 

Circuit Analysis 
A 6L6G-807 exciter is used to drive 

the final amplifier for operation on any 
band from 75 to 10 meters. This same 
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450 WATT GRID- MODULATED PHONE - 

exciter has been used to operate the final 
amplifier on 5 meters at reduced output. 
The exciter itself is suitable for 160 meter 
operation, but the final plate tuning con-
denser, in this case, would require greater 
capacity than the one shown in the circuit 
diagram. 
The 6L6G crystal oscillator furnishes 

output on the fundamental, second har-
monic, or fourth harmonic of the quartz 
crystal. The plate circuit is tuned to the 
desired harmonic. When operated on the 
fundamental frequency, the plate circuit 
of the oscillator must be slightly detuned 
in order not to overload the grid circuit 
of the 807. 
. The 6L6G is operated with relatively 
low screen voltage in order to limit the 
power output from the tube; the plate 
circuit is connected to the 525 volt supply 
through a 3,000 ohm 10-watt resistor 
which not only reduces the plate voltage 
to the oscillator but also é.cts as an r.f. 
choke. The crystal oscillator is regenera-
tive, as. can be seen from the circuit dia-

gram, and a 350 apfd. variable condenser 
shunted by a .0001 pfd. ( 100 taL.ffd.) 
mica condenser serves as a control of re-
generation when the oscillator is furnish-
ing output on its harmonic. The grid 
circuit is connected back to the r.f. plate 
circuit instead of to ground, in order to 
obtain regeneration. The 6L6G tube al-
ways oscillates at the fundamental fre-
quency of the crystal, even when the plate 
circuit is tuned to a harmonic. 
Many amateurs already have a particu-

lar type of oscillator or exciter available 
which will be satisfactory for driving the 
grid modulated final amplifier. Any cx-
citer which is capable of supplying ap-
proximately 25 watts of output is suit-
able for driving the HK- 154's, even on 
5 or 10 meters. 
The RCA-807 tetrode tube in the 

exciter of the transmitter shown here, is 
used either as a buffer or doubler. The 
tube is operated at normal screen voltage 
but somewhat above normal plate voltage, 
in order to obtain at least 20 watts of r.f. 
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output. Not all of the 525 volts from 
the plate supply is consumed betwecn the 
plate and cathode of the RCA-807, since 
there is about 20 volts drop across the 
cathode resistor. If the RCA-807 is mod-
erately shilded there is no need for neu-
tralizat'on. The output of this tube when 
used as a doubler is very nearly as great 
as when used as a buffer, since the crystal 
oscillator supplies ample excitation for 
op iation as either. 

Approximately 15 watts of r.f. output 
is obtained from the RCA-807 as a doub-
ler to 5 meters; this is sufficient power to 
drive the final amplifier with a plate 
voltage of 1000, and a grid bias of 300 
volts. The low reactance in the grid cir-
cuit of the final amplifier makes it diffi-
cult to build-up an r.f. potential much 
greater than 300 volts on 5 meters. The 
r.f. voltage across each grid circuit must 
have a peak value slightly greater than 
the d.c. grid bias, which, incidentally, is 
obtained from the low voltage supply. 
The same holds true to a lesser degree 
on 10 meters. 
The output from the RCA-807 must 

be reduced by using rather loose link 
coupFrig between the exciter and final 
amplifier when the transmitter is operated 
in the 75 meter phone band. This is due 
to the ease of building-up the required 
r.f. voltage across the capacitive reactance 
in the grid circuits of the final amplifier 
at the lower frequency. The 
capacitive reactance varies in-
versely with the frequency, 
and is therefore one- fifteenth 
as great on 5 meters as on 75 
meters for the same sz.-tting of 
grid tuning condenser. 
The final amplifier is link 

coupled to the exciter with a 
one-turn loop at each end of 
the link for all bands. The 
link over the RCA-807 plate 
coil is varied in position 
along the coil form as an ad-
ditional control of r.f. grid 
excitation to the 154s. The 
final amplifier is a standard, 
neutralized push-pull r.f. am-

plifier with fixed bias equal to approxi-
mately 11/2 firms cutoff. This bias is ob-
tained by connecting the grid return cir-
cuit through the modulation transformer 
to ground and the filament center-tap of 
the HK-154 tubes, and the negative volt-
age lead to a positive point on the low 
voltage bleeder resistor. 
The antenna should be link coupled ro 

the final amplifier through an additional 
tuned circuit unless a twisted-pair feeder 
is used. 

The Audio Channel 
The speech amplifier and modulator 

consists of three metal tubes. A 6F5 high 
triode amplifies the output of a stand-

ard diaphragm crystal microphone. This 
tube is resistance coupled to a 6C5 which, 
in turn, is resistance coupled to a 6F6 
modulator tube. This tube line-up pro-
vides sufficient amplification for close 
talking into the microphone. A 6J7 pen-
tode audio amplifier could be substituted 
for the 6F5 if greater speech amplifica-
tion is desired. The 6F6 tube is con-
nected through a small class B output 
transformer which has a ratio of approxi-
mately one-to-one. The grids of the HK-
154 tubes and the 10 000 ohm resistor 
across the output winding of the modu-
lation transformer serve as the load for 
the modulator. The 10,000 ohm resistor 
tends to stabilize the load on the 6F6. 
Two power supplies furnish all of the 

Exciter and 807 Buffer, with Low Voltage Power Supply. 

37 



Jones Radio Handbook Supplement 

voltages required for the complete trans-
mitter. A type 83 rectifier is in the low 
voltage unit, and a pair of 866 tubes 
serve as rectifiers for the high voltage sup-
ply. A 1000 volt center-tapped trans-
former, rated to supply a 275 milliampere 
load (through a choke input filter) is con-
nected to a condenser input filter system. 
This type of filter reduces the allowable 
current drain to 180 milliamperes for this 
same transformer, yet this is more than 
ample to supply the exciter and audio 
voltages. The high voltage power sup-
ply uses a transformer which is rated at 
3530 volts center-tapped. This trans. 
former, with choke input to the filter, fur-
nishes between 1500 and 1600 volts de-
pending upon the primary line voltage. 
The high voltage filter consists of a single 
20 henry 350 milliampere choke in the 
center-tap lead, and a 4 pfd., 2000 volt 
filter condenser. This filter is sufficient to 
prevent any noticeable a.c. hum in the 
carrier of the grid modulated stage. 
The negative high voltage and center-

tap of the final amplifier leads connect 
to a slider on the 50 watt, 25,000 ohm 
bleeder across the low voltage power sup-
ply. This point can be adjusted to 400 
volts and left in that position for opera-
tion on any band from 10 to 75 meters. 
Another tap at between 250 and 275 

volts on the same resistor supplies the 
screen voltage for the exciter and plate 
voltage for the audio channel. The r.f. 
output from the complete exciter, par-
ticularly the crystal oscillator, must he 

The Grid Modulated Final Amplifier. 

entirely free from a.c. hum, since a very 
small amount of hum will produce audio 
modulation in the grid circuit of the final 
amplifier. The output must be more pure 
from the exciter than in the case of a 
plate modulated phone; however, the 
ripple in the plate supply to the final 
amplifier can be greater in the grid mod-
ulated stage than in a plate modulated 
phone. 
The crystal oscillator has an additional 

section of filter in its plate supply; this 
consists of a small 30 henry, 80 milliam-
pere choke. The taps on the low voltage 
power supply bleeder resistor must be ad-
justed while testing the transmitter in 
order to obtain the correct voltages under 
normal load conditions. 

Mechanical Considet ations 
The transmitter illustrated is very com-

pact and has overall dimensions of 27 
inches high, 19 inches wide and 10 inches 
deep. It consists of three separate decks 
mounted behind standard relay-rack pan-
els. The top deck holds the final amplifier 
and the modulation transformer. The lat-
ter can be seen in the photograph (behind 
the grid tuning circuit) close to the front 
panel. The reason for locating the trans-
former on this top deck is to keep it as 
far as possible from the high voltage 
power supply which is on the bottom 
deck. The three speech amplifier tubes 
are mounted in a small metal can on the 
main power supply (bottom) deck. Since 
these tubes are resistance coupled they 
are not subject to magnetic a.c. hum pick-

up. Capacitive coupling is 
avoided by suitable shields. 
The middle deck mounts 

the exciter and low volt-
age power supply, includ-
ing the 5-volt filament 
supply for the final ampli-
fier tubes. The 6L6 oscil-
lator has an aluminum 
baffle shield between it 
and the 807 stage. The 
regeneration condenser is 
at the center of the panel 
and is a well-spaced b.c.I. 
type variable tuning con-
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Coil Table for HK-154 Push-Pull Grid Modulated Phone 

Band 
in Meters 

Ost.-Buffer Coil Final Grid Coil 

SO 

40 

20 

33 turns No. 24 d.s.c., 
11/2 " diameter, 11/2" 
long. 

Final Amp. Plate Coil 

32 turns No. 18 en-1m., 
13/4" diameter, 13/4" 
long. center-tapped. 

36 turns No. 14, 23/4" 
diameter, 31/2 " long, 
center-tapped. 

16 turns No. 16 enam., 
11/2 " diameter, 11/2" 
long. 
— — 

8 turns No. 16 enam., 
11,;" diameter, 11/2 " 
long. 

10 
41/2 turns No. 16 enam., 
11/2 " diameter, 11/4" 
long. 

2:1 turns No. 16 enam., 
11/2" diameter. 11/2" 
long. center-tapped. 

22 turns No. 14, 23/4" 
diameter, 4" long, cen-
ter-capped. 

10 turns No. 16 enam.. 
11/2 " diameter, 0/2" 
long, center-tapped. 

9 turns No. 14, 23/4 " 
diameter, 2" long, cen-
ter-tapped. 

5 turns No. 16 enam., 
11/2" diameter, 111/2" 
long, center-tapped. 

denser of 350 L.q.tfd. maximum capacity. 
The two 50 ntfd. tuning condensers in 
the exciter are mounted on insulated 
brackets with insulated extension shafts to 
the front dials. These condensers are 
double-spaced "Star" midgets. The 807 
tube has an aluminum shield extending 
up around the base of the tube and is 
made by sawing off parts of a standard 
large-size aluminum shield can. All of the 
low voltage power supply leads betwe,:n 
decks are run through cables and termi-
nate in five-prong plugs and sockets. 
The chassis are each 10 inches by 17 

inches by 13/4 inches, made from no. 20 
gauge cadmium plated steel. These ire 
rigidly supported by the front panels by 
means of triangular end-brackets. The 
front panels are no. 10 gauge aluminum, 
finished on a wire-wheel brush in order to 
secure a silver-frosted appearance. A 
single 0-500 d.c. milliammeter measures 
the plate and cathode currents in all 
stages by means of jacks, some of which 
are insulated from the front panels. A 
separate 0-10 or 0-25 ma. d.c. milliam-
meter is a necessary accessory for adjust-
ing the final amplifier for phone opera-
tion and should preferably remain perma-
nently in the grid circuit. 

Tuning and Operation 
The 6L6G oscillator is tuned for maxi-

mum dip in cathode current; since the 

7 turns No. 10, 2" dia-
meter, 31/2 " long, cen-
ter-tapped. 

plate and screen voltages on this tube are 
relatively low, this current is in the vicin-
ity of 20 to 30 milliamperes. The 807 
plate circuit is also tuned for maximum 
dip. This tube will normally be loaded 
to from 40 to 60 milliamperes of cathode 
current when driving the final amplifier 
for grid modulation on any of the bands 
from 10 to 75 meters. The link coupling 
and tuning of the final grid circuit, after 
neutralization, is adjusted to a value 
which provides less than one milliampere 
of d.c. grid current. The grid current may 
kick up to several milliamperes during 
modulation. 
The neutralizing condensers in the final 

amplifier are adjusted by pushing the 
plates so that they mesh either more or 
less, as the case may be. These two neu-
tralizing condensers are made of U-
shaped pieces of metal, approximately 2 
inches square. The spacing between ad-
jacent plates is about 1/3rd inch. Two 
of these U-shaped pieces are fastened 
directly to the respective rotors of the 
final tank tuning condenser by means of 
small brackets. The other two sets of 
plates in the neutralizing condenser are 
mounted on small standoff insulators; the 
leads cross-over to opposite grids of the 
HK-154 tubes. The resulting neutralizing 
leads and tuned circuit leads are so short 
that 10 meter operation is very effective 
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and full output can be obtained on this 
band. 

Approximately 90 to 100 watts of car-
rier output was obtained on the 5 meter 
band by winding an experimental set of 
coils, terminating in small plugs which 
fit tightly into the isolantite coil sockets. 
The 807 5 meter coil consists of two 
turns of no. 12 wire, approximately 
1 inch in diameter, which plugs into the 
proper socket holes. The plugs are made 
by stripping the springs from standard 
small banana-type plugs. A similar coil 
with 3 turns, center-tapped, is used for 
the final grid coil for 5 meter operation. 
The final amplifier plate coil for this band 
is made by winding three turns of no. 10 
wire, fastened directly between the two 
rotors of the final tank condenser, rather 
than being plugged into the large coil 
support insulators used for the other 
coils. 

Operation on 5 meters will necessitate 
a reduction in plate potential to 1000 
volts. This is accomplished by changing 
tLe taps on the high voltage transformer. 
The bias tap is varied (on the resistor) to 
a point where approximately 300 volts 

will be secured. The 5 meter band is the 
only one in which any special care is re-
quired in connecting the coils to the con-
densers, or in operating with lower modu-
lated stage voltages. Standard coils and 
fixed values of voltages are used on all of 
the other bands. 
The final amplifier can be keyed in the 

center-tap for c.w. operation or the crys-
tal can be keyed in its cathode circuit, 
since fixed—or self—bias is used through-
out the entire transmitter. The d.c. grid 
current to the final amplifier should- be 
run as high as can be obtained from the 
807 when c.w. operation is wanted. This 
varies from about 15 or 20 milliamperes 
on 20 meters, up to approximately 30 
milliamperes on 80 meters. This trans-
mitter was primarily designed for grid 
modulated phone operation with the re-
sult that the exciter is inadequate for 
greatest output as a c.w. transmitter. The 
screen voltage on the exciter, particularly 
on the crystal oscillator, can be somewhat 

increased to obtain greater output if c.w. 
operation is to be an important factor. 

Antenna Coupling 

The antenna should be coupled to the 
final amplifier more tightly than is nor-
mally the practice for c.w. or for plate 
modulated phone transmitters. The coup-
ling should be increased until the plate 
current is 200 milliamperes for the two 
HK-154 tubes, at the point of greatest dip 
in tuning the plate tank condenser. This 
value of 200 milliamperes should occur 
when the r.f. grid excitation is set so that 
only one-half-of-o.nr-milliampere of grid 
current is flowing. Less plate current in-
dicates insufficient antenna loading, pro-
viding that the grid excitation is correct, 
and will result in inferior voice quality. 
The plates of the HK-154 tubes operate 

with a dull cherry-red color; this indi-
cates a dissipation of between 60 and 70 
watts per plate. 
The peak value of audio voltage re-

quired across the output of the modula-
tion transformer for modulation of more 
than 90% was measured and found to 
be approximately 120 volts. This repre-
sents a total requirement of less than 2 
watts of audio power for full modulation. 
The plate current in the final amplifier 

will normally increase 10 to 20 milliam-
peres when the final amplifier is fully 
modulated with a steady tone. Peaks of 
speech input will slightly increase the 
plate current, but due to the inertia of the 
meter this increase will not be as notice-
able as the application of a steady tone. 
This increase in plate current represents 
the release of power into the final am-
plifier plate circuit necessary for complete 
modulation. The effect of combined "effi-
ciency" and "power" modulation is w 
provide a modulated waveform which is 
relatively free from distortion and at the 
same time to permit high "resting" effi-
ciency. The theoretical distortion factors 
apparently tend to cancel, and the final 
result is a grid modulated amplifier hav-
ing a resting efficiency of more than 50%, 
instead of the usual 30%. 
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A 5 and 10 Meter Superheterodyne 

ç. 

Front Panel View of the Special -5 and 10- Receiver. 

An increasingly large number of ex-
perimenters are finding that their receiver 
requirements are not fulfilled with the 
usual simple 5 and 10 meter receivers. 
There is also a growing interest in long-
distance 5 meter c w., i.c.w. 2nd phone 
communication, both for transcontinentil 
and transoceanic testing. It is believed 
possible that new records may soon be 
made in the u.h.f. spectrum by means of 
c.w. transmission, rather than by voice. 
Super-rcgenerative receivers are not suit-
able for c.w. reception because of the im-
possibility of obtaining beat-note recep-
tion. A good ultra-high-frequency super-
heterodyne can be made more sensitive 
than a super-regenerative rcceiver, more 
stable in °motion, and as free from igni-
tion noise pickup as the super-regenerative 
receiver. A considerable number of ama-
teurs in all parts of the world are now 
engaged in tests with several hundred 
watts of crystal-controlled power in the 
amateur 5 meter band, and it is hoped 
that this band may at certain times of the 
year prove to be suitable for,dx communi-
cation. 

Other uses for a combination 5 and 10 
meter superheterodyne, such as the one 

described here, are for police and com-
mercial services where dependability and 
absence of background hiss are essential 
requirements. The tYckert noise silencer 
circirt, as described in All Wave Radio 
magazine, has proven to be very satisfac-
tory for limiting automobile ignition in-
terference, which is extremely bothersome 
in the u.h.f. range. The receiver herein 
described cmploys a modified noise limit-
ing circuit of this type. It is very effective 
and enables reception of fairly weak sig-
n en in very noisy locations. 

I. 1-•; -aday screen is used to prevent 
capacitive coupling between the antenna 
feeders and the first tuned circuit in the 
receiver. The high-frequency oscillator and 
mixing circuit were especially designed 
for u.h.f. operation as a result of numer-
ous tests with all kinds and forms of first-
detector circuits. Grid-leak and space-
charge detectors were tested and found 
to be quite sensitive but unsuitable for 
operation into an i.f, amplifier of more 
than 500 kc. The amplifier in this re-
ceiver uses 1600 kc. air-tuned i.f, trans-
formers and the frequency of the i.f. am-
plifier can be made any value between 
1600 kc. and 5000 kc. by changing the 
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Top View, Showing Layout of Parts. 

i.f. transformers and slightly altering the 
high-frequency oscillator coils. The choice 
of i.f, frequency depends upon the ser-
vice required of the receiver. For 5 
meter voice reception, the higher i.f. fre-
quency such as 3000 or 5000 kc. would 
provide a more broadly tuned i.f. am-
plifier. The selectivity, of the 1600 kc. 
if. amplifier is rather great for reception 
of signals from an ordinary 5 meter trans-
ceiver, but is excellent for reception of 
m.o.p.a. or crystal-controlled 5 meter 
voice or c.w. signals. The high-frequency 
oscillator in this receiver could be crys-
tal-controlled for police communication 
service where single-frequency reception 
is desired. 

This receiver is tuned with a single 
dial. The r.f. stage is not of the regenera-
tive type, thus simplifying the problem cf 
ganging this tuned circuit with the first 
detector and oscillator circuits. The r.f. 
amplifier, however, has appreciable gain 
even on 5 meters due to careful circuit 
design. Very short r.f. leads, low C tuned 
circuits, and a 6J7 sharp cutoff tube are 
used to accomplish this purpose. 
The 6J7 r.f. tube is operated at very 

low bias and high screen voltage, and at 

somewhat more than normal plate cur-
rent. Under these conditions, the tube 
has about the same plate current as a 
6K7 variable 1..t tube operating under nor-
mal conditions, but produces about twice 
as much amplification. The increased 
gain available from a sharp cutoff tube, 
such as 6J7 or 6C6, gives a better signal-
to-noise ratio in the front-end of a super-
heterodyne. The sharp cutoff tube will 
provide at least as much r.f. gain-to-noise 
ratio as can be obtained from a variable 
la tube connected in a regenerative r.f. 
amplifier. 
The 6J7 metal tube has nearly twice as 

much output capacitance as a 6C6 glass 
tube, if the latter is not shielded. The 
difference in output capacitance is not 
very great when the 6C6 tube has a metal 
shield around it, such as is necessary for 
any r.f. amplifier. The shell of the metal 
tube serves as the shield and the small 
physical size of this tube allows shorter 
r.f. leads. 
The disadvantage of a possible effective 

higher output capacitance in the r.f. tube 
can be overcome by using capacitive coup-
ling between the r.f. and first detector 
tubes. As long as this tube capacity is 
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not too great, it does not lower the L/C 
ratio in the following tuned circuit, and 
simply becomes a part of the tuning con-
denser capacity. The r,f. coupling cir-
cu't shown in the schematic diagram is 
very effective for high-frequency r.f. am-
plifiers. The variable plate coupling con-
denser allows exact alignment of the de-
tector tuned circuit if the oscillator and 
r.f. trimmer condensers have previously 
been adjusted to the correct values. This 
method of circuit alignment can only be 
applied over a very narrow range, since 
the variation of coupling capacity changes 
the r.f. gain. 

The r.f. amplifier plate can be con-
nected to the positive B through a small 
r.f. choke of 75 turns of no. 34 d.s.c. 
wire, closewound on a in. diameter 
bakelite rod. This choke coil is suitable 
for 5 to 10 meter operation but will not 
have enough inductance for use on 20 
meters. The receiver can be operated on 
20 and 40 meters by winding additional 
coils on small plug-in forms. The 10,000 
ohm resistor in series with the r.f. choke 
in the plate circuit allows operation on 
20 or 40 meters ( in spite of the too small 
r.f. choke) and the resistor does no harm 
when the set is used in the 5 or 10 meter 
bands. 

The 1600 kc. i.f. transformers are tuned 
by means of air dielectric trimmer con-
densers. Type G-1601, G-1600 and G-
1604 Aladdin iron-core i.f. transformers 
are used in the amplifier in the order 
given. 

Grid-leak and space-charge first de-
tectors depend upon grid rectification for 
their operation and the tube itself acts as 
an additional i.f. amplifier. For audio 
frequencies or very low i.f. frequencies, 
grid detection is very effective because the 
grid impedance can be made high for 
such low frequencies. The grid coupling 
condenser by-passes the r.f. frequency to 
the grid of the detector in these circuits 
and is supposed to act as a very high im-
pedance to the demodulated or new fre-
quency of the plate circuit. This new fre-
quency is formed in the grid circuit by the 

process of detection, or mixing, and part 
of it is lost due to the by-passing action of 
the grid condenser. If the i.f. frequency 
is very high, such as 1600 kc., the usual 
value of .0001 ..tfd. grid condenser pro-
vides quite a low impedance to this fre-
quency; as a result, the tube itself may 
produce a loss instead of a gain. If the 
grid condenser is made smaller in order 
to minimize this loss, its reactance soon 
becomes too great to apply the major por-
tion of the r.f. signal across the grid-to-
cathode capacitance of the tube. Space-
charge detectors, such as a type 24-A or 
36 tube, act as triodes which have a very 
low plate impedance and very high 
mutual conductance. The low plate im-
pedance loads the first i.f. transformer to 
an excessive degree and tends to reduce 
both the i.f. amplification and selectivity. 
A grid-leak detector tends to have a low 
grid impedance as well as low plate im-
pedance, resulting in a non-desirable load 
on both the r.f. tuned circuit and the first 
i.f. tuned circuit. Bias detection elimi-
nates these faults at the expense of a drop 
in detection efficiency. The final result is 
a compromise in either case when a 465 
kc. i.f. amplifier is used. Tests conducted 
with this receiver with its 1600 kc. i.f. 
amplifier indicated the superiority of bias 
detection for weak signal reception. 

Several different tubes were tested for 
use as first detectors, with various forms 
of oscillator injection. The 6L7 was a 
great deal more effective for weak signal 
reception than the 6A8, 6J7, or 6K7 tube. 
This only holds true, however, for a 
proper degree of oscillator voltage injec-
tion. If the high-frequency oscillator is 
not able to supply sufficient r.f. voltage, 
the sensitivity of the 6L7 drops vety 
rapidly and is not as good as that obtained 
from a 6A8 or 6J7 tube. The oscillator 
circuit shown is the final result after 
numerous circuits and tubes had been ex-
perimented with. 

This oscillator has a 6K7 connected as 
a triode with the cathode tapped into the 
tuned grid circuit. The injection grid of 
the 6L7 is capacitively coupled to the 
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cathode of the 6K7 oscillator. This ar-
rangement provides sufficient mixing volt-
age and loads the oscillator tuned circuit 
to a lesser degree than when the injection 
grid of the 6L7 is connected to the oscil-
lator grid. The 6K7, connected as a 
triode, is better than a 6C5 triode from 
the standpoint of input capacitance. The 
grid of the 6K7 comes out through the 
top of the tube and has less capacitance to 
ground than the grid of the 6C5, which 
comes out through a prong in the base. 
Two stages of i.f. amplification give 

good selectivity and sufficient gain to 
operate effectively the second detector and 
noise limiter circuit. A.v.c. voltage is ap-
plied to the i.f. amplifier in older to min-
imize fading of signals. The a.v.c. volt-
age, fed-back to the two grid circuits, is 
not as high as in an ordinary broadcast 
receiver due to the type of second detector 
circuit, which combines detection and 
noise-limiting functions in one tube. A 
10,000 ohm variable cathode-bias resistor 
serves as a control of sensitivity for c.w. 
reception. As the value of this bias re-
resistor is increased, ttle a.v.c. effect be-
comes less, so that it is not necessary to 
cut out the a.v.c. for c.w. reception. 
A 6H6 double-diode tube serves a dual 

function; one diode unit acts as a second 
detector and also supplies a.v.c. voltage to 
the i.f. amplifier. The second diode in 
the 6H6 tube provides a noise-limiting or 
silencing action. This diode acts as a 
variable resistor shunted across the audio 
amplifier. When the noise impulses, due 
to automobile ignition, are of a value 
greater than the average modulated sig-
nal, this diode acts as a short-circuit across 
the audio output. A noise pulse of very 
short duration, such as that from automo-
bile ignition interference, causes the ie-
ceiver to become inoperative for a cor-
respondingly short interval. This inter-
val of silence is so short that it is in-
audible to the ear, and it only takes place 
on noise impulses in which the amplitude 
is much greater than that of the carrier 
signal. The 1 megohm resistor and 1/2 
ilfd. condenser in the plate circuit of the 
noise diode have a slow time constant, so 

that the tube follows the a.v.c. voltage 
(which is proportional to the carrier sig-
nal). This makes the noise limiter en-
tirely automatic in its action, and by 
choosing those values of resistors in the 
noise limiter cathode circuit as are shown 
in the diagram, the noise limiting action 
can be made to start only for noise pulses 
of an amplitude greater than the modu-
lated component of the desired signal. 
Any noise impulse of high amplitude 
makes the noise diode cathode circuit 
negative with respect to its plate, and 
therefore reduces the diode impedance to 
a few hundred ohms. This portion of the 
diode is connected across the audio am-
plifier volume control ( 100,000 ohm 
potentiometer) and thereby tends to 
short-circuit the audio amplifier during 
the noise impulse interval. This circuit 
does not eliminate automobile ignition of 
low or medium amplitude; however, it 
does improve reception of readable sig-
nals through strong ignition interference. 
A beat-frequency oscillator is coupled 

to the second detector diode plate through 
a small capacitance consisting of a short 
length of hookup wire twisted twice 
around the plate lead of the diode. The 
b.f.o. consists of a standard electron-
coupled oscillator tuned to produce a beat 
note with the 1600 kc. signal for c.w. 
reception. The value of screen-grid re-
sistor shown in the circuit diagram de-
pends upon the type of grid tuned coil 
and location of cathode tap. 

This b.f.o. coil is made by scramble-
winding 150 turns of no. 30 d.s.c. wire 
on a 1/2 inch diameter dowel rod, with a 
winding length of one inch. The cathode 
tap is made y4  of the total number of 
turns up from the grounded end. This 
dowel rod is then forced into a 1/2 inch 
diameter hole in the chassis, and this coil, 
grid-leak and condenser, are then shielded 
by covering them with a aluminum shield 
can. The 50 tak.tfd. tuning condenser is 
mounted on the rear of the chassis directly 
below the b.f.o. coil and the b.f.o. switch 
is mounted on the front panel for the 
sake of convenience. Excessive b.f.o. in-
jection into the second detector produces 
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an objectionable amount of hiss and a 
consequent loss of sensitivity on weak sig-
nals. If the injection voltage is too row, 
the beat note on c.w. reception will be 
weak and strong signals can not be het-
erodyned. The amount of injection volt-
age can be varied by changing the coup-
ling capacity between the two plate cir-
cuits, and by changing the value of the 
screen-grid resistor. 
The power supply and loudspeaker are 

built into the chassis. The presence of the 
loudspeaker produces an audio howl on 
signals having a strong carrier if the vol-
ume control is advanced too far. If high 
audio volume is desired, the loudspeaker 
should be mounted in a separate cabinet. 
The howling effect is an acoustic feed-
back from the loudspeaker to the tuning 
condenser plates and is not easily reme-
died. Broadcast receivers can be made 
with the tuning condenser, or complete 
chassis, mounted on soft rubber. This 
practice is undesirable for u.h.f. receivers 
because short, rigid r.f. leads are neces-
sary. 
The audio amplifier consists of a 6C5 

triode, resistance coupled into a 6F6 pen-
tode. The 6C5 obtains its grid bias from 
the diode voltage; this bias voltage de-
pends upon the signal strength and posi-
tion of the arm on the volume control 
potentiometer. The bias is automatically 
increased when receiving strong signals, 
or when the volume control is advanced 
for a high audio level. This arrangement 
is desirable in preference to fixed bias be-
cause of the noise limiter circuit. The 
disadvantage lies in obtaining a quiet 
volume control, since there is a small flow 
of d.c. current through the resistor, and 
most types of volume controls tend even-
tually to become noisy under these condi-
tions. 

Mechanical Considerations 
The receiver is mounted on a cast alu-

minum chassis, 12. x 17" x 21/2 ". The 
front panel is 834" x 19", 10 gauge durai. 
There are three tuning condensers, of the 
Hammarlund u.h.f. type, originally hav-
ing a capacity of 35 ppfd. each and then 
reduced in capacity by removing plates 

until only two rotors and two stators ce-
main in each condenser. These conden-
sers are very efficient for u.h.f. operation 
because very short r.f. leads can be made; 
however, they are difficult to gang to-
gether for single-dial tuning. Extension 
shafts, two in number, each 13/4 in. long, 
are cut from 1/4 inch round brass tubing 
having an inside diameter of 1/8 in. These 
are forced-fit over the 1/8 inch shafts on 
the tuning condensers and then soldered 
in place. This is accomplished by drill-
ing a 1/4 in. hole in a block of wood which 
is clamped to the base plate of a drill 
press. The tuning condenser's front shaft 
is then slipped into the 1/4 inch hole and 
the brass extension shaft is fastened into 
the chuck of the drill press. The chuck is 
then brought down until the brass tube 
slips over the 1/8 inch condenser shaft 
and the two are then sweated together 
with a hot soldering iron and solder. This 
alignment procedure results in a reason-
ably straight extension shaft which rotates 
on the shaft axis without wobbling. Each 
tuning condenser is then mounted on an 
aluminum subpanel, with flexible coup-
lings linking the shafts. The mounting 
holes for the condensers are made a little 
large so that the condensers can be lined 
up with the front section and tuning dial 
without binding when the dial is rotated. 
The aluminum panels which hold the 
condensers (three required) are spaced 
31/4 inches apart; and they also serve as 
r.f. shields between stages. The two 
larger aluminum shield brackets are 6 in. 
long and 4 in. high. The smaller bracket 
is used for the oscillator tuning condenser 
and padding condenser; this bracket is 2 
in. wide and 4 in. high. 

Even when great care was exercised in 
lining up the condenser, the friction de-
veloped, plus the friction of each conden-
ser itself, required a vernier tuning dial 
with a powerful driving action. If care 
is taken to gang the condensers properly, 
and if a good dial is chosen, it is easy to 
tune without backlash, even on 5 meter 
c.w. reception. 
The oscillator components are mounted 

in the compartment closest to the front 
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Showing Ganged High Frequency Stages in Detail. 

of the receiver in order to minimize back-
lash, which is inherent even in a solid 
/4 I/ inch brass rod. The detector is 
mounted in the center compartment and 
the r.f, tube is mounted in a horizontal 
position in the third compartment at the 
rear of the chassis. The horizontal mount-
ing makes it possible to run a very short 
plate lead, so that the efficiency even on 4 
meters is relatively high. Plug-in coils, 
"air supported", are used for the 5 and 
10 meter bands. Brass standoff supports 
are made by drilling a ya inch hole in one 
end of a 5/16 in. round brass rod for re-
ceiving the banana-type plug on the coil. 
The other end of each brass standoff (11/2 
in. long) is drilled and tapped to take a 
6/32 machine screw, so that the standoff 
can be supported to the chassis. Small 
porcelain standoff insulators, 11/2 in. 
high, support the grid end of each coil 
by means of a banana-type plug and jack. 
The cathode of the oscillator feeds up 
through the chassis into a through-type 
insulator which has a plug in its end. 
The oscillator coil has three of the small 
banana-type plugs, whereas the detector 

and r.f. coils have only two. The antenna 
coupling coil is mounted on standoff in-
sulators and the coupling remains fixed 
for all bands. This coil consists of 7 turns 
of no. 14 bare wire, 7/8 in .diameter, 3/4 
in. long. This coil can be center-tapped 
to ground for connection to a transposed 
two-wire feeder, or connected to ground 
at one end for connection to a concentric 
line feeder or simple antenna and ground. 
A "Faraday screen" is mounted be-

tween the antenna coil and r.f. tuned cir-
cuit. This screen consists of parallel in-
sulated wires, spaced one diameter of the 
wire, cemented to a flat sheet of celluloid. 
One end of all of these wires is soldered 
to a no. 12 "bus" wire which serves as a 
common support for the screen. This end 
is grounded. The remaining ends of all 
the wires are insulated from each other. 
The physical size of this screen is 21/4 " 
wide and 23/4 " high. 
The 5 meter detector and r.f. grid coils 

are both identical in size; each has 7 turns 
of no. 14 wire, y8  in. diameter and spaced 
to occupy a length of 13/2 in. The 5 meter 
oscillator coil consists of 6 turns of no. 
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14 wire, 5/8 in. diameter, space-wound to 
occupy a length of 11/8 in. The cathode 
tap is soldered to a point on the coil 
which is slightly more than one turn from 
the ground end. 
The 10 meter r.f. and detector coils 

each have 10 turns of no. 14 wire, "air 
wound", y8  in. diameter, 11/4 in. long. 
The 10 meter oscillator coil has 9 turns 
of no. 14 wire, "air wound", 7/8 in. 
diameter, 11/8 in. long, with a cathode tap 
taken two turns from the ground end. 
All coils are fitted with banana-type 
plugs. 

The oscillator padding condenser ( 15 
ppfd. maximum capacity) is mounted 
directly above its tuning condenser in the 
compartment closest to the front of the 
panel, and its capacity is set so that the 
plates are about one-third enmeshed. The 
r.f. grid trimmer and r.f. coupling con-
densers are set with the plates between 
one-third and one-half enmeshed. The 
coil turns are then compressed or ex-
panded until the circuits track over the 5 
and 10 meter bands. This is a rather 

tedious procedure and can be accom-
plished most easily by means of the 5 or 
10 meter harmonics from a test oscillator 
or signal generator. 
The first detector connects to the i.f. 

transformer nearest to it and the high-
frequency oscillator tube. The first if. 
tube is mounted close to the front panel 
and it feeds into the second i.f. trans-
former, which is directly behind the round 
electrolytic condenser can. The second 
i.f. amplifier tube and third i.f. trans-
former are in a line with the 6C5 and 
6F6 audio tubes. 
The 6H6 detector and 6K7 b.f.o. tube 

and coil are mounted near the lait i.f. 
transformer and audio tubes. The power 
supply components are mounted far to 
the left on the chassis. The knob on the 
rear side of the chassis is the b.f.o. ad-
juster. 

All of the .00005 .1.fd. ( 50 ppfd.) 
condensers are of the mica type; the te-
maining condensers are of the 600 volt 
tubular paper type, except for the 1/2 
noise filter condenser, which has a rating 
of 400 volts. 
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250 Watt 20 Meter C.W. Transmitter 
A c.w. transmitter primarily designed 

for full efficiency on 20 meters would ob-
viously be ideal for 40 meter operation, 
thus giving the amateur a two-band trans-
mitter which can be operated on either of 
these most popular dx bands when con-
ditions so warrant. 
The transmitter described here will de-

liver an output of 250 watts without 
overloading any stage. It consists of a 
standard 6L6 regenerative crystal oscil-
lator capacitively coupled to a pair of neu-
tralized type 45 tubes in parallel. These 
are then link coupled to a pair uf FIK-154 
tubes in push-pull in the final amplifier. 
A metal tube 6L6 crystal oscillator is 

used with a 40 meter crystal for opera-
tion either on 40 or 20 meters by tuning 
the plate circuit of the oscillator to either 
the fundamental frequency or the second 
harmonic. The crystal oscillator is re-
generative, due to the feedback between 
the plate of the 6L6 tube to its cathode 
through the capacity of the metal shell 
of the tube. The metal shell is connected 
to the cathode at the tube socket termi-
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The 375 Volt and 1000 Volt Power Supplies. 

for the final amplifier is raised about 2 
inches above the baseboard to keep the 
grid leads short. The two neutralizing 
condensers are mounted one on either 
side of the final amplifier tubes, as shown 
in the photograph, and the tube plate 
leads are cross-connected to opposite sta-
tors of the plate tuning condenser. 
The neutralizing condensers have two 

aluminum discs each, 2 in. in diameter, 
spaced about 1/4 inch apart. The capacity 
is varied by means of a threaded-rod ad-
justment. 

Double-spaced midget tuning conden-
sers are used for tuning the type 45 tube 
plate circuit, final grid circuit, and for 
neutralizing the type 45 tubes. The oscil-
lator tuning condenser is a single-spaced 
midget variable. The final tank con-
denser has a maximum capacity of 220 
Nifd. per section, which is much larger 
than required for 20 or 40 meter opera-
tion. Only a small portion of the avail-
able capacity of this final tank condenser 
is used for tuning. A condenser with a 
rating of 3,000 volts breakdown per sec-
tion, 50 t.g.tfd. capacity in each section, 
would be entirely suitable for this tran_k_ 
mitter. 

All coils are wound on isolantite forms. 
The oscillator coil for 20 meter opera-
tion has 6 turns of no. 18 wire, on a 
11/2 " diameter form, and covers a wind-
ing length of 11/8," in. An oscillator coil 
suitable for 40 meter operation would 
have 14 turns of no. 18 wire on a 11/2" 
diameter form, wound to cover 11,4 
inches. 
The 20 meter plate coil for the 45 stage 

consists of 10 turns of no. 18 wire, 
center-tapped, on a 11/2  inch diameter 
form, with a winding length of 11/2 
inches. A 40 meter coil for this same 
stage would have 20 turns of no. 18 
wire, on a 11/2 inch diameter form, 
wound to cover a space of 11/2 inches. 
The final amplifier grid coil for 20 

meter operation has 12 turns of no. 18 

wire, on a 11/2  in. diameter form, with a 
winding length of 11/2  inches, and is 
center-tapped. A 40 meter coil for this 
stage would have 22 turns of No. 18 
wire, on a 11/2 in. diameter form, wound 
to cover 11/2 inches, and would be center-
tapped. 
The final amplifier plate coil for 20 

_meter operation has 7 turns of no. 14 
wire on a 21/2 in. diameter form, spaced 
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to cover 2 inches, and is center-tapped. 
A coil suitable for 40 meters would have 
14 turns on a 21/2 in. diameter form, 7 
turns per inch, with a center-tap. 

The final tank coil should be mounted 
on standoff insulators fitted with plugs 
and jacks for convenience in changing 
coils. 

Power Supply 

Two separate power supplies are 
needed for operating this transmitter. The 
low voltage supply has a 1000 volt center-
tapped transformer which delivers ap-
proximately 375 volts across the output of 
the filter. This transformer should be 
rated to carry a d.c. load of 150 milliam-
peres. The high voltage power supply 
delivers 1000 volts at 350 milliamperes. 
The power transformer delivers approxi-

mately 1200 volts each side of center and 
is rated at 440 watts. Two type 866 tubes 
serve as rectifiers in this power supply, 
which has a single-section choke input 
filter. 

The filters shown in the circuit dia-
gram and in the photographs provide 
pure d.c. for c.w. operation, but would 
not be satisfactory for phone communica-
tion. The 5 volt filament transformer for 
the HK-154 tubes must be capable of 
supplying 16 amperes and should have 
taps on the primary winding to adjust the 
voltage at the filament of the tubes to 5 
volts. 

The plate current in the final amplifier 
should read between 300 and 350 milli-
amperes under load; the grid current will 
run between 30 and 40 milliamperes. 
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Transmitting Tube Characteristics 
• The following tube data is new and supplementary to that in the JONES 

RADIO HANDBOOK. Some of the data are in the form of corrections; some 

represent manufacturers' new ratings. 

HK-354D 
Characteristics: 
Filament voltage 5.0 volts 
Filament current 10.0 amps. 
Amplification constant 22 
Normal plate dissipation 150 watts 
Maximum d.c. plate voltage 4000 volts 
Maximum d.c. plate current 300 m.a. 
Maximum d.c. grid current 50 m.a. 
Base: Standard 50 watt. Plate through top, grid through side of envelope. 
Class C R.F. emplifier: 
D.C. plate voltage  1500 2000 2500 3000 3500 volts 
D.C. grid voltage   —236 242 —317 —424 —490 volts 
D.C. plate current  300 297 274 255 240 m.a. 
D.C. grid current  50 50 50 50 50 m a. 
Grid driving power  24 26 30 35 38 watts 
Grid- bias loss   12 12 16 21 25 watts 
Approximate power output  316 415 535 614 690 watts 
R.F. Doubler: 
D.C. plate voltage  1000 1500 2000 volts 
D.C. grid voltage   —361 —458 —619 volts 
D.C. plate current  250 200 175 m.a. 
D.C. grid current  50 50 50 m.a. 
Grid driving power  32 36 44 watts 
Grid-bias loss   16 22 32 watts 
Approximate power output  100 150 200 m.a. 
Class B Audio Amplifier (Two Tubes): 
1).C. plate voltage  1500 2000 2500 3000 volts 
D.C. grid voltage  —60 - -87 —112 —135 volts 
7.ern signal d.c. plate current  50 5. 50 50 m.a. 
Maximum signal d.c. plate current.   277 362 290 327 m.a. 
Plate to- plate load resistance  12000 20009 20000 21000 ohms 
Power output  302 489 619 692 watts 
Suggested Driver: Four type 2A5 ir 42 tubes, triode connected, with fixed hies and 350 volts plate 

supply. 

HK-354E Heintz & Kaufman triode for U.H.F. setvice. Tantalum late and grid. 
Similar to HK- 354 in physical size, but with grid out of side of envelope. 
Principal difference lies in amplification constant. Suitable for class C r.f. 

amplifiers, class B audi., and r.f. frequency doubling. 
Characteristics: 
Filament voltage  5 volts 
Filament current 10 amps. 
Amplification constant   35 
Maximum d.c. plate voltage 4000 volts 
Maximum d.c. plate current 300 m.a. 
Normal plate dissipation 150 watts 
Base: Standard 50 watt. Plate through top, grid through side of envelope. 
Class C R.F. Amplifier: 
D.C. plate voltage  1500 2000 2500 3000 3500 volts 
U.C. plate current  300 297 275 255 240 m.a. 
D.C. grid bias  —287 —295 —392 —437 —448 volts 
D.C. grid current  60 60 60 60 60 m.a. 
Grid driving power  35 36 42 45 45 watts 
Grid bias loss  17 18 24 26 27 watts 
Power output, approximate  315 445 525 615 690 watts 
R.F. Doubler: 
D.C. plate voltage  1000 1500 2000 volts 
D.C. plate current  250 200 175 m.a. 
D.C. grid bias  —238 —379 —474 volts 
D.C. grid current  60 60 60 m.a. 
Grid driving Power  31 38 44 watts 
Grid bias loss  14 23 29 watts 
Power output, approximate  100 150 200 watts 
aass B Audio (2 Tubes): 
D.C. plate voltage  1500 2000 2500 3000 volts 
D.C. grid bias  —25. —37.5 —50 —67 volts 
No signal d.c. plate current  50 50 50 50 m.a. 
Maximum signal D.C. plate current  325 372 343 335 m.a. 
Load resistance, plate- to- plate  10000 . 11000 16000 20000 ohms 
Power output  ' 320 4.70 600 700 watts 

Heinz & Kaufman Triode. Ultra-high-irequency amplifier, doubler and 
class B audio amplifier. Similar to HK- 354C except for amplification 
ennFtant. 
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HK-354F 
Characteristics: 
Filament voltage  
Filament current 
Amplification factor  
Normal plate dissipation  
Maximum d.c. plate voltage  
Maximum d.c. plate current  
Maximum d.c. grid current 
Base: Standard 50 watt. Plate through top, grid 
Class C R.F. Amplifier: 
D.C. plate voltage  
D.C. grid voltage  
D.C. plate current  
D.C. grid current  
Grid driving power  
Grid- bias loss  
Power output, approximate  
R.F. Doubler: 
D.C. plate voltage  
D.C. grid voltage  
D.C. plate current  
D.C. grid, current  
Grid driving power  
Grid-bias loss  
Power output, approximate  
Class B Audio Amplifier (Two Tubes): 
D.C. plate voltage  
D.C. grid voltage  
Zero signal plate current  
Maximum signal d.c. plate current  
Plate- to- plate load resistance  
Power output  

Heintz & Kaufman triode. Ultra- high- frequency. Class C r.f. frequency 
doubling and class B audio amplification. Similar to HK- 354 in size. 

5.0 volts 
 10.0 amps. 

50 
150 watts 
4000 volts 
300 m.a. 

 75 m.a. 
through side of envelope. 

1500 2000 
—85 —135 
300 295 
76. 75 
28 31 
6.5 10 
300 436 

HK-354C 
Heintz & Kaufman 
Triode. Ultra- h igh - 
frequency amplifier, 

tantalum plate and grid. Suitable for use as class 
B modulator and class C amplifier. All charac-
teristics are the same as those for HK- 364, ex-
cept for lower grid- to- filament capacity. The grid 
comes out through the side of the glass envelope, 
rather than through the base of the tube as in the 
HK- 354, which makes the tube more suitable for 
high- frequency operation. Refer to HK-354 for 
characteristics and operating data. 

203-B 

• 

TAYLOR 

Taylor High-mu Triode. Re-
designed primarily for class B 
audio amplifiers. 

Driver: Primary 
2A3s in push-pull with   — 1.6 ratio input 
transformer sec. 
Characteristics: 
Filament voltage 10 volts 
Filament current 3.85 Amps. 
Amplification factor 25 
Maximum plate dissipation 56 watts 
Maximum d.c. plate voltage 1260 volts 
Maximum d.c. plate 

current 150 m.a. (in R- F circuits) 
Grid to plate capacity 14 µOct. 
Grid to filament capacity  
Plate to filament capacity  
Base Standard 4 pin. 
Class B Audio Amplifier (2 tubes): 
D.C. plate voltage 1000 1250 volts 
D.C. grid voltage (approx.) —36 —45 volts 
Zero signal d.c. late current 

(per tube)  20 20 m.a. 
Maximum signal d.c. plate 

cuvrent ( 2 tubes)  330 350 m.a. 
Load impedance (plate to 

plate)  6800 
Power output  200 
Driving power  10 

6 µµfd. 
5 µµfd. 

60 watt 

7900 ohms 
300 watts 
12 watts 

2500 3000 3500 volts 
—226 —312 —368 volts 
260 265 260 m.a. 
76 75 75 m.a. 
38 45 60 watts 
17 23.6 27.6 watts 

600 616 720 watts 

1000 1600 2000 volts 
—243 —395 — 425 volts 
260 200 175 m.a. 
76 75 76 m.a. 
38 49 50 watts 
18 30 32 watts 

100 160 200 watts 

1600 2000 2600 3000 volts 
—16 —22.6 —35 —45 volts 
60 50 60 60 m.a. 

280 347 300 344 m.a. 
12000 12000 20000 20000 ohms 
290 446 660 726 watts 

203-Z 
base, metal plate, plate lead through top of en-
velope. Suitable for r.f. operation at frequencies 
below 16 Mc. 
Characteristics: 
Filament voltage 10.0 volts 
Filament current 3.86 amps. 
Amplification factor 85 
Mutual conductance 5900 µmhos 
Average plate resistance 16,700 ohms 
Class B Audio Amplifier or Modulator: 
D.C. plate voltage 1260 (max.) 
Grid bias voltage  
Zero- signal plate current  45 
Max.- signal plate current  175 
Load res., plate- to- plate 7900 
Power output, two tubes  300 
Radio Frequency Amplifier Servie: 

 1250 volts 
175 m.a. 

 60 m.a. 
2500 ohms 

15 Mc. 

Taylor Tube Co. zero-bias 
class B audio amplifier or 
modulator. Standard 60-watt 

Maximum plate voltage 
Maximum plate current  
Maximum grid current 
Grid bias resistor (class C service)  
Maximum frequency for full ratings  

1000 volts 
0 volts 
36 m.a. 

163 m.a. 
6900 ohms 
200 watts 

T20 Taylor Tube Co. H.F. Triode. 
General purpose high µ; suit-
able for high- frequencies up to 

56 Mc. Suitable for class B audio service, or as 
an r.f. frequency-doubler or r.f. amplifier. Isolan-
tite-based tube with plate through top of envelope. 
4- pin base. Molybdenum plate. Greater plate dis-
sipation than type 10 or 841 triode. 
Characteristics: 
Filament voltage 7.5 volts 
Filament current 1.75 amps. 
Amplification factor 20 
Grid- to- plate capacity 4 ggfd. 
Maximum plate dissipation 20 watts 
Maximum d.c. plate voltage 760 volts 
Maximum d.c. plate current 75 m.a. 
Maximum d.c. grid current 25 m.a. 
Class B Modulator or A.F. Amplifier (2 Tubes) 
D.C. plate voltage  800 600 volts 
D.C. grid voltage  —40 —30 volts 
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Zero signal late current 
(per tube)  10 10 m.a. 

Maximum signal plate current 
(per tube)  68 70 m.a. 

Load resistance (plate- to-
plate)  12000 8100 ohms 

Power output  70 50 watts 
Class C Amplifiers 
D.C. plate voltage 750 volts 
D.C. grid voltage —100 volts 
D.C. plate current 75 m.a. 
D.C. grid current 20 m.a. 
Grid driving power (approx.) 3 watts 
Grid bias los, 2 watts 
Power output (approx.) 40 watts 

TZ-20 Taylor Tube Co. H.F. triode. 
Primarily designed for zero-
bias class B audio use. Also 

suitable for all r.f. uses for which the T-20 is 
suitable. Operating conditions for r.f, use of the 
TZ-20 will be similar to those of the T-20; the 
grid bias, however, will be somewhat lower in 
rail case. An improved doubler over the T-20. 
Isolantite base, metal plate, plate lead through ton. 
Characteristics: 
Filament voltage 7.5 volts 
Filament current 1.75 amps. 
Amplification factor 62 
Average plate resistance 6.700 ohms 
Mutual conductance 2320 µmhos 
aass B Audio Amplifier or Modulator: 
D.C. plate voltage  800 600 volts 
Grid bias voltage  0 0 volts 
Zero- signal plate current  20 14 m.a. 
Max.-signal plate current  69 70 m.a. 
Load res., plate- to- plate .....  12,000 8100 ohms 
Power output, two tubes  70 50 watts 
Radio Frequency Amplifier Service: 
See operating ecaiditious for T-20. 

866 Jr. 
Taylor Tube Co. Mercury 
vapor half wave rectifier 
for operation in full wave 

or bridge rectifier systems. Intermediate in load 
capability between the type 866 and 83 rectifiers. 
Characteristics: 
Filament voltage 2.5 volts 
Filament current  2.5 amps. 
Maximum RMS a.c. voltage 1250 volts 
Maximum d.c. load current (choke input)..250 m.a. 
Base: Standard 4 pin, UX, isulantite. 

o 

WESTINGHOUSE 

WL461 Westinghouse ultra-high-
frequency triode for med-
ium and high power ser-

vice. Special design of terminals for elements 
enables direct connection to elements, thus provid-
ing a very low inductance path to the tube elec-
trodes. This construction, together with low 
interelectrode capacities, gives 5 megacycle per-
formance at 50 megacycles and useful output up 
to 150 megacycles. 
Characteristics: 
Filament voltage 5.0 volts 
l'usinent current 11.5 amps. 
Amplification constant 28 
Maximum d.c. plate voltage 2000 volts 
Maximum a.c. plate voltage (RMS) 2500 volts 
Maximum d.c. plate current 260 m.a. 
Maximum plate dissipation 160 watts 
Dimensions 7Y2' long, 44" diameter 
Tantalum plate, all leads out thru base in special 

short leads for diathermy operation. 
Approximate power output on 60 Mc. 400 watts 

EIMAC 
Data .f o Replace 100 T: 

Eimac UHF Triode with 
medium amplification con-
stant. Designed primarily 

fu diathermy service and as replacement for 
original hamac 50 T. 
Characteristics: 
Filament voltage 5 to G.1 volts 
Filament current 6.5 amps. 
Grid- to- plate capacity 2.3 µpa 
Grid to- filament capacity 2.0 µµfd. 
Plate- to- filament capacity  Q.4 maid. 
Normal plate dissipation.  100 watts 
Maximum d.c. plate voltage 3000 volts 
Maximum d.c. plate current 225 m.a. 
Maximum d.c. grid current 35 m.a. 
Amplification factor 12 
Base: Standard UX 4- pin. Plate thru top, grid 
thru side of envelope. 
Class C R.F. Amp.ifier: 
D.C. plate voltage  1000 2000 3000 volts 
D.C. plate curtent  200 150 136 m.a. 
D.C. grid current  30 30 30 m.o. 
D.C. grid bias  - --ZOO —400 —600 volts 
Appioximate power . 

output   12u 225 3110 watts 
Approximate grid driv-

ing power  7.5 13.5 21 watts 
girid bias loss  6 12 18 watts 
Class B Audio Amplifier: 
D.C. plate voltage  1000 2000 3000 volts 
Load impedance, plate-

to- plate   5200 16000 30000 ohms 
Power output, 2 tubes 170 360 465 watts 

100Th 

1 0011 }1 H ;gspeh-icu llyU.sHu.iFt: 

able for class C r.f. am-
plification and class B audio service. Replaces 
Eirnae 100 T in 'I tube Tablf—ii Page 26 3 lOrNÊS 
RADIO HANDBOOK, 1937 edition. 
Filament voltage  5 to 6.1 volts 
Filament current    6.5 amps. 
Amplification factor 30 
Grid- to- plate capacity 2 µpi& 
Grid- to- filament capacity 2.2 mild. 
rla te • to- filament capacity  0.3 maid. 
Maximum d.c. plate voltage 3000 volts 
Maximum d.c. plate current 225 m.a. 
Maximum d.c. grid current 50 m.a. 
Normal plate dissipation 100 watts 
Base: Standard UX 4- pin, Isolantite. Plate thru 

top, grid thru side uf envelope. 
Class C R.F. Amplifier: 
D.C. plate voltage 1000 
D.C. plate current  200 
D.C. grid current  45 
D.C. grid bias —70 
Approximate grid driv-

ing power  4.6 
Grid bias loss  3.2 
Approximate power 

output   120 
Class B Audio Amplifier: 
D.C. plate voltage 1000 
Load impedance, plate-

to- plate  5200 16000 30000 ohms 
Power output, 2 tubes 210 380 500 watts 

250Th 

2000 
150 
45 

—140 

3000 volts 
135 m.a. 
45 nta. 

—210 volts 

8 10 watts 
6.3 9.5 watts 

225 300 watts 

2000 3000 volts 

Eimac. U.H.F. Triode 
with medium amplifica-
tion factor. Designed for 

diathermy service and for replacement of older type 
150 r 
Characteristics: 
Filament voltage   Filament current 5 to .105.5amv oltsp a 

Amplification factor 13 
Grid- to- plate capacity 3.5 µLad. 
Grid- to- filament capacity 3.0 µµfd. 
Plate- to- filament capacity 0.5 µµfd. 
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Maximum d.c. plate voltage 3000 volts 
Maximum d.c. plate current 350 m.a. 
Maximum d.c. grid current 50 m.a. 
Normal plate dissipation 250 watts 
Base: Standard 50- watt. Plate through top, grid 

through side of envelope. 
Class C R.F. Amplifier: 
D.C. plate voltage  1000 2000 3000 volts 
D.C. plate current  300 360 330 m.a. 
D.C. grid current  45 46 45 m.a. 
D.C. grid bias —200 —400 —600 volts 
Approximate grid driv-

ing power  11 22 33 watts 
Grid bias loss  9 18 27 watts 
Approximate power 

output   200 600 750 watts 
Class B Audio Amplifier: 
D.C. plate voltage  1250 2000 3000 volts 
Load impedance, plate-

to- plate   3280 6000 12400 ohms 
Power output, 2 tubes 540 900 1180 watts 

250T H , ririnace.. geieihg-nmetli pli..Ii.mHa. Fr : 

- uy for r.f. amplification 
and class 13 -âtidii; service. 
Characteristics: 
Filament voltage 5 to 5.1 volts 
Filament current  10.5 amps. 
Amplification factor 32 
Grid•to-plate capacity • 3.3 µµfd. 
Grid- to- filament capacity 3.5 µµfd. 
Plate- to- filament capacity  0.3 µµfd. 
Maximum d.c. plate voltage 3000 volts 
Maximum d.c. plate current 350 ma. 
Maximum d.c. grid current 65 m.a. 
Normal plate dissipation 250 watts 
Base: Standard 50- watt. Grid through side, plate 

through top of envelope. 
Class C R.F. Amplifier: 
D.C. plate voltage 1000 2000 3000 volts 
D.C. plate current  300 350 330 lima. 
D.C. grid current  55 55 55 m.a. 
D.C. grid bias —70 —140 —210 volts 
Approximate grid driv-

ing power   8 16 25 watts 
Grid bias loss  3.9 7.7 11.6 watts 
Approximate power 

output   200 500 750 watts 
Class B Audio Amplifier: 
D.C. plate voltage 1000 1500 3000 volts 
Load impedance, 

plate- to- plate  2360 4200 12400 ohms 
Power output, 2 tubes 350 630 1180 watts 
Grid Bias: Zero for plate potentials up to 1400 

volts. 

450TH 
450T L 

Eimac high power tri-
odeg. The 460TH has an 
amplification factor of 32, 
the 450TL has an am-
plification factor of 16. 
These tubes are especially 

designed fw- broadcast and commercial transmit-
ters. Tantalum plates and grids. 
Filament voltage  7.5 volts 
Filament current 12 amps. 
Maximum d.c. plate current 500 m.a. 
D.C. plate voltage 4000 volts 
Normal plate dissipation 450 watts 
Grid to plate capacity 4.5 µµfd. 
Base: Standard 60 watt type. Plate out thru top 

and grid thru side of glass envelope. 

• 

RAYTHEON 

R 1{  Raytheon beam power tet--39 rode, designed for frequency. 
doubler, amplifier, or crystal 

,,,cdlator service. Frequency range : full voltage 
ratings up to 30 Mc. Maximum plate voltage at 
60 Mc., 400 volts. 

Characteristics: 
Heater voltage 6.3 volts 
Heater current 0.9 amps. 
Grid- to- plate capacity 0.15 µµfd. 
Input capacity 13 µµfd. 
Output capacity 10.5 lipid. 
Maximum plate dissipation 21 watts 
Maximum screen dissipation 3.5 watts 
Maximum d.c. plate voltage 500 volts 
Maximum d.c. screen voltage 300 volts 
Maximum d.c. screen current 20 m.a. 
Maximum d.c. plate current 100 m.a. 
Maximum d.c. control grid current 5 m.a. 
Base Standard 5- Pin (Isolantite.) 
Plate Through Top of Envelope. 

R.F. Service 
Class B R.F. Class C 

D.C. plate voltage  500 500 volts 
D.C. plate current  75 95 m.a. 
D.C. screen voltage  250 250 volts 
D.C. screen current  3 12 m.a. 
D.C. control grid current  0.3 3 m.a. 
Carrier power input  11 35 watts 

• 

AMPEREX 

ZB120 c puecriaeicl.y 2,1 reos- pgians eTdriofdoer. 

class B audio amplification. 
Can be used as linear r.f. power amplifier. Is 
capable of delivering up to 150 watts in class C 
r.f. service. Its high amplification factor makes it 
an efficient frequency doubler. 
Characteristics: 
Filament voltage 10 volts 
Filament current 2 amps. 
Amplification factor 90 
Maximum plate dissipation 74 watts 
Maximum d.c. plate voltage 1250 volts 
Maximum a.f. power output ( 2 tubes) 300 watts 
Transconductance at 100 m.a. plate 

current  5000 µmhos 
Base: Standard 50- watt. Plate: Carbon. 

• 

R.C.A. 

806 eral  uUsellµF eithewr 
vice. Frequency range: 

err. f .  triodeoi  a audio gen-se,- 

100% of 
rating up to 56 Mc. 
Characteristics: 
Filament voltage 5.0 volts 
Filament current  10.0 amps. 
Amplification factor 12.6 
Grid- to- plate capacity  3.4 µµfd. 
Grid- to- filament capacity 6.1 µmid. 
Plate- to- filament capacity 1.1 µµfd. 
Maximum d.c. plate voltage 302000 in vol tsa  
Maximum d.c. plate current  0  
Maximum d.c. grid current 50 m.a. 
Normal plate dissipation 150 watts 
Base: Standard 50-watt; grid through side, plate 

through top of envelope. 
Class B Audio Amplifier (two tubes): 
D.C. plate voltage  2000 3000 volts 
D.C. grid voltage —150 —240 volts 
Zero signal plate current  20 20 m.a. 
Max. signal plate current  390 330 m.a. 
Load res. (plate to plate) 11600 21500 ohms 
Max. signal driving power._ 14 10 watt 
Power output  500 660 watts 
Class C R.F. Amplifier: 
Maximum d.c. plate voltage 302000 vo l tsa  

Maximum d.c. plate current  0 m Maximum d.c. grid voltage —1000 volts 
Maximum plate input 600 watts 
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A 100 Watt C. W. Transmitter 

The Transmitter Is Simplicity Itself, Utilizing a 6L6-G Into Paralleled T-20's. 

One economical method for securing 
medium power output from a transmitter 
is by the use of a multi-band harmonic 
crystal oscillator driving a pair of the new 
Taylor T-20 triodes. The average ama-
teur's pocketbook restricts his transmitter 
to a financial outlay of modest propor-
tions; the transmitter described here can 
be built for approximately $25.00, includ-
ing tubes and crystal (but not including 
the power supply). 
The popular type 210 tube, long fav-

ored by the amateur, has certain disad-
vantages which have been overcome in 
the design of the newer type T-20 tube. 
The standard type 210 has a bakelite base 
with the grid and plate leads brought 
through the base; this causes losses at the 
higher frequencies and rather high grid-
to-plate capacity. The losses in the base 
often cause blistering of the bakelite and, 
consequently, power output and efficiency 
are reduced. The type T-20 tube has an 
isolantite base, and the plate lead is 
brought through the top of the envelope. 
In addition, the interelearode capacities 
are lower than those of the type 210, an-
other feature that makes the tube 'much 
more effective for .high-frequenCy,opera-

tion. The cost of the T-20 is slightly 
more than that of the type 210; however, 
the plate dissipation of the T-20 is greater 
and a pair of these tubes can be operated 
at 100 watts input without exceeding the 
manufacturer's ratings. The T-20 can, 
with care, undoubtedly be operated at 
greater outputs than in the transmitter 
shown, without appreciably shortening the 
useful life. 
The amplification constant of the T-20 

is more than twice as high as that of the 
type 210. This higher la makes the tube 
more satisfactory for class B audio ampli-
fication. The high amplification constant, 
together with high mutual conductance, 
results in a tube that is easy to drive for 
r.f. service. 
The ease with which the type T-20 can 

be driven makes it possible to use a me-
dium power multi-band crystal oscillator 
and still have ample grid drive for a pair 
of type T-20 tubes connected in parallel 
(for c.w. operation). Between 10 and 15 
watts of grid drive is desirable for high 
efficiency. This amount of drive can be 
furnished very nicely by a 6L6G crystal 
oscillator in the circuit shown. This crys-
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tal oscillator supplies sufficient output so 
that capacitive coupling can be used for 
coupling into the grid circuit of the T-20 
tubes. Nearly twice as much grid drive 
can be obtained with link coupling 
through an additional tuned circuit; how-
ever, this is not necessary for c.w. opera-
tion with split-coil neutralization. A split-
stator tuning condenser in the final am-
plifier would be less "regenerative", and 
this would require more grid drive under 
antenna loaded conditions. Link coupling 
would be desirable if a split-stator is to 
be used. 

The Crystal Oscillator 
The crystal oscillator used in this trans-

mitter is a modified form of the Multi-
Band Oscillator described in the Jones 
Radio Handbook. It is a more satisfac-
tory circuit in that the constants are of 
such values that the degree of regenera-
tion is very nearly the same for 160, 80 or 
40 meter crystals. This crystal oscillator 
can be used on either the fundamental or 
second harmonic of the crystal by merely 
changing the plate coil, or by using a 140 
ppfd. tuning condenser which will cover 
both the fundamental frequency and the 
second harmonic. This particular oscilla-
tor gives more output at 350 to 400 volts 
of plate supply than is obtainable from 
any other common type of crystal oscilla-
tor. 
The regenerative circuit used in this 

oscillator consists of a small semi-variable 
condenser connected between plate and 
cathode of the 6L6G tube and a .0004 
!Ifcl. mica condenser connected from 
cathode to ground. This circuit is some-
what comparable to a modified Co/pitts. 
Once it is correctly adjusted it is possible 
to use 160, 80, or 40 meter crystals with-
out further change except in the plate tun-
ing circuit. 
The regeneration condenser is adjusted 

(with the aid of an insulated-handle 
screwdriver) to a point below self-oscilla-
tion in the crystal oscillator. This adjust-
ment is correct when the plate circuit can 
be tuned to the second harmonic of the 
crystal and only one dip can be found. 
Only one beat-note should be heard in the 

monitor when the circuit is properly ad-
justed. Too much capacity in the regener-
ation condenser will produce self-excited 
oscillations with a rough note, and it will 
not be possible to tune the circuit to a 
single dip. 
A flashlight globe and loop of wire can 

be used to indicate proper operation. If 
the oscillator is acting in a self-excited 
manner, the lamp will light to nearly the 
same brilliancy over the entire tuning 
range of the oscillator plate condenser. 

Insufficient capacity in the regeneration 
condenser will not permit the oscillator 
to have a good dip in cathode or plate 
current when tuned to the second har-
monic of the crystal in use. Also, the 
oscillator will not supply sufficient output 
to drive the final amplifier when it is 
operating on the second harmonic. 
The correct adjustment for the regener-

ation condenser is suitable for either fun-
damental or second harmonic operation. 
Inactive quartz crystals are not suitable 
for second harmonic operation. The 6.3 
volt pilot lamp which is in series with the 
crystal and grid of the 6L6G oscillator 
tube should not light up in operation be-
cause the crystal r.f. current is very low 
when the oscillator is operating properly. 
This lamp is used as an indicating device 
to show whether or not the crystal current 
is low enough to safeguard the crystal; 
when the light does not glow it is an in-
dication that crystal heating and frequency 
drift will be negligible. If the 6.3 volt 
light shows color, it indicates lack of neu-
tralization in the final amplifier with feed-
back from its plate circuit, excessive 
screen-grid voltage in the crystal oscilla-
tor, an inactive crystal, or incorrect setting 
of the regeneration condenser. 
The r.f. choke which is in series with 

the cathode of the 6L6G tube confines .:he 
r.f. return circuit to the cathode through 
the .0004 Ilfd. condenser. This cathode 
condenser is larger than the values shown 
in the Jones Radio Handbook because it 
has been found that the original value of 
.00025 1.1fd. sometimes allows excessive 
regeneration even when small values of 
regeneration condenser capacity are used. 
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This was especially true in the case of the 
metal type 6L6 tube in which the shell is 
connected to the cathode. In this case the 
shell-to-plate capacity served as the le-
generation feedback condenser. 
A metal 6L6 tube can be used in the 

place of the 6L6G that is indicated by 
connecting the shell of the metal tube to 
ground, and by using the circuit constants 
shown in the accompanying diagram. 
The selling of the regeneration con-

denser depends upon the value of applied 
screen-grid voltage and also to some ex-
tent upon the load placed upon the plate 
circuit of the crystal oscillator. The oscil-
lator should be tested by first opening 
the regeneration condenser to minimum 
capacity, then tuning the plate circuit to 
the fundamental frequency of the crystal. 
The grid current to the final amplifier 
should be in the neighborhood of 30 milli-
amperes. The oscillator plate coil can 
then be exchanged for one for second har-
monic operation, such as a 40 meter plate 
coil with an 80 meter crystal. The re-
generation condenser and oscillator plate 
tuning condenser should be adjusted 
simultaneously for maximum grid current 
into the final amplifier. A dip of from 
10 to 20 milliamperes in oscillator cathode 
current should take place when there is 
sufficient capacity in the regeneration con-
denser. Too much capacity in the regen-

0011•1.5 300011, 

eration condenser will cause the grid cur-
rent in the final amplifier to remain nearly 
constant, regardless of the setting of the 
oscillator plate tuning condenser, indicat-
ing non-crystal oscillation. There should 
only be one point of maximum grid cur-
rent, except in the case where the oscilla-
tor plate tuning condenser is large enough 
and the coil of such inductance to cover 
both the third and second harmonics of 
the crystal frequency. The grid current 
into the final amplifier will be at least 30 
milliamperes. Values as high as 40 milli-
amperes were obtained in the transmitter 
shown here, when operated under load. 
The final amplifier is capacitively 

coupled to the crystal oscillator through a 
small ( 50 tuptd.) mica condenser in order 
to prevent excessive loading of the oscil-
lator. The grid circuit impedance of a 
high i tube is relatively low and with two 
of these tubes in parallel the load im-
pedance across the crystal oscillator would 
be too low if a large value of coupling 
condenser were used. 
The final amplifier uses grid-leak bias 

in the form of a 3,000 ohm 10 watt grid-
leak. This stage is neutralized by a 
double-spaced 15 _tt.tfd. midget variable 
condenser. The one shown in the photo-
graph is a 35 lapfd. double-spaced "Star" 
midget variable with about half of the 
plates removed. The final amplifier cir-

59 



Jones Radio Handbook Supplement 

cuit is neutralized in the usual manner 
before , plate voltage is applied. As the 
plate tuning condenser is varied through 
resonance there will be a sharp change in 
grid current for all settings of the neu-
tralizing condenser except that setting 
which is correct for perfect neutralization. 
The c.w. telegraph key must remain closed 
while the amplifier is being neutralized. 
Once neutralized, plate voltage can be 
applied to the final amplifier and the an-
tenna may be coupled to the final plate 
coil. The antenna coupling should be 
"tight" enough to load the final amplifier 
to approximately 150 milliamperes when 
the plate tuning condenser is tuned to 
minimum plate current. Most antennas 
can be coupled to this transmitter by us-
ing an additional tuned circuit similar to 
the plate tuned circuit with link coupling 
between these two circuits. Complete tun-
ing procedure for this type of coupling is 
in your copy of the Jones Radio Hand-
book. 

The Keying Circuit 
The final amplifier is keyed in the fila-

ment center-tap lead for c.w. operation. 
Key clicks are eliminated in the trans-
mitter shown here through the use of a 
simple key-click filter in the center-tap 
circuit. The 10-henry choke coil should 
be capable of carrying at least 150 milli-
amperes and should have a low d.c. re-
sistance to prevent loss in plate voltage. 
The choke coil used in this transmitter 

is mounted on the baseboard near the 
crystal oscillator, as the picture shows. 
The amount of inductance required in this 
circuit to slow down the application of 
plate current to the tube will range be-
tween one and ten henrys, depending 
upon the type of power supply filter and 
the adjustment of the r.f. circuits. The 
inductance must be adjusted for each in-
dividual transmitter under actual operat-
ing conditions. This is accomplished by 
using an adjustable 15,000 ohm resistor 
shunted across the choke coil. The resistor 
has a slider adjustment, such as the one 
shown on the baseboard in the illustra-
tion. This resistor was set to about 5,000 
ohms for the best click suppression in the 

transmitter under discussion when it was 
connected to a 750 volt power supply for 
the final amplifier in which condenser 
input to the filter was used. Choke input 
to the high voltage power supply would 
probably require a different setting of the 
resistor across the key-click choke coil. 
The power supply used for testing this 

transmitter consisted of a pair of 5Z3 
tubes, each connected as a half-wave rec-
tifier, across a center-tapped 1400 volt 
225 milliampere power transformer. With 
condenser input, this power supply deliv-
ered between 750 and 800 volts at the 
output of the filter under normal load. A 
heavy-duty bleeder was necessary across 
the filter because of the poor voltage reg-
ulation while keying the transmitter. 
Choke input to the filter gives much bet-
ter voltage regulation—less key-click dif-
ficulty—but requires a power transformer 
having at least 25% to 30% more voltage 
across its secondary. A power supply with 
relatively poor voltage regulation will give 
rise to greater key-click difficulties; how-
ever, by careful adjustment of the two 
semi-adjustable resistors in the key-click 
filter circuit the key-clicks will be effec-
tively eliminated. 
The 1,000 ohm resistor in series with 

the condenser directly across the c.w. tele-
graph key contacts should be adjusted to a 
point which will minimize sparking at 
the key contacts. This value will usually 
be in the neighborhood of 400 ohms 
when used with a 1/2 pfd. condenser. This 
condenser and resistor should be mounted 
very close to the key. Two small r.f. 
chokes with an inductance of several mil-
lihenrys each, rated to carry at least 150 
milliamperes, can be connected in series 
with the two key leads, directly at the key, 
in order to prevent the key leads from 
radiating the slight spark interference 
from the make-and-break of the key con-
tacts. 
The oscillator should preferably have 

a separate power supply which should put 
out a well-filtered 400 volts. The screen-
grid voltage should be obtained from a 
slider-contact on a 25,000 ohm 50 watt 
bleeder resistor. 
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Dana! of 
Operation 
'in Meters ) 

Oscillator Coil Final Amplifier Plate Coil 

80 

40 

 —  
20 

30 turns no. 18 enameled, 11/2" long. 28 turns nu. 14 enameled wire, space 
wound to cover 31/2  inches and center-
tapped. ( See note*.) 

15 turns no. 18 enameled, 11/2 " long. 14 turns no. 14 bare wire, 7 turns per 
inch, and center-tappt.d. 

— 
20 7 turns no. 18 enameled, 11/2 " long. 

. 
8 turns no. 14 bare wire, 31/2  turns 
per inch, and center-tapped. 

*NOTE: The 80 meter final amplifier plate coil can be a standard "air supported" coil, such 
as Merrill, Coto-Coil, etc. 

Coil Ddta 
The oscillator coils are wound on 

standard 11/2 inch diameter composition 
plug-in coil forms. The final amplifier 
plate coils are wound on 21/2  inch dia-
meter plug-in isolantite ribbed forms. 

Mechanical Construction 

The transmitter is mounted on an oak 
baseboard, 11 inches wide, 20 inches 
I6ng, 3/4 inch thick, with cleats at both 
ends to elevate the board to a sufficient 
height to permit mounting the small com-
ponents under the board. The base can be 

• 

5 inches shorter in length if the key-click 
filter choke coil is mounted in the power 
supply unit. 

By-pass condensers, center-tap resistors, 
r.f. chokes and the 3,000 ohm grid-leak 
resistor are mounted under the board. 
Leads are brought to three closed-circuit 
jacks for meter measurements. The jacks 
are supported on a small strip of insu-
lating material which is secured to the 
board by means of angle bracket. The 
center-tap filament resistor can be elimi-
nated if the 7.5 volt filament supply has a 
center-tap connection. 
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The ACT-20 Amateur Transmitter 
This low power amateur transmitter has 

several interesting circuit features which 
will appeal to many amateurs. The trans-
mitter is completely housed in a cabinet 
similar to that used for a radio receiver, 
and will supply 16 watts of carrier out-
put in any band from 10 to 160 meters. 
The c.w. output is 20 watts on any band. 
A tetrode crystal oscillator is employed, 

using an RCA-807 with a small external 
capacity between the control-grid and 
plate for feedback at the crystal frequency. 
The plate circuit includes a split-coil ar-
rangement, with the plate of the crystal 
oscillator connected to one end of the 
coil, and the grid of the RCA-802 con-
nected to the other end through a block-
ing condenser. This arrangement tends 
to balance the capacities across the two 
halves of the split plate coil and, in effect, 
is the same as connecting the grid circuit 
of the buffer stage across half of the tuned 
plate coil. An 802 serves as a buffer or 
doubler stage which does not require neu-
tralization. The final amplifier is neutral-
ized because the 807 is not perfectly 
screened and would be regenerative with-
out the neutralizing circuit. This stage 
must not be regenerative because it is 
modulated for phone operation. Com-
bined plate and screen-grid modulation 
is applied to the final amplifier from a 
6L6 class AB modulator. 
The transmitter can be keyed for c.w. 

in nearly any portion of t11(_ circuit, such 

as in the oscillator and amplifier stages 
simultaneously, or in the buffer and am-
plifier stages. 
The grid circuit of the final amplifier is 

connected across a small portion of tne 
802 plate coil. The r.f. ground potential 
point of this plate coil is not at the usual 
low end of the tank circuit, but is tapped 
part of the way up on the coil. 
The neutralizing condenser is tapped 

farther up on the same tank coil so as to 
provide an out-of-phase voltage for grid 
neutralization of the 807 stage. A para-
sitic suppressor, consisting of a 100 ohm 
resistor and a small r.f. choke, is con-
nected in series with the control grid of 
the power amplifier. Similar parasitic sup-
pressors are connected in the screen-grid 
leads of both 807 stages. 
The method of connecting the heaters 

to the cathode circuits is interesting in 
that it will prevent voltage breakdown be-
tween the heater and cathode when the 
circuit is keyed in the cathode lead. 
A double-button carbon microphone 

can be connected to the input transformer 
of the speech amplifier. The circuit is ar-
ranged so that the transmitter supplies 
current to the carbon microphone, which 
should be capable of a level of —35 db. 
The speech amplifier consists of a 6F5 

high p triode, resistance coupled to a 
6F6 triode-connected driver stage. This 
tube drives a pair of 6L6's as modulators. 
The c.w. switch removes the plate voltage 

from the speech am-
plifier, and from the 
screen of the modu-
lator, in addition to 
connecting another 
bleeder across the 
power supply to main-
tain good voltage reg-
ulation under keying. 
A single power sup-
ply furnishes plate 
voltage for the entire 
transmitter. This re-
quires a heavy duty 
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Looking Down on the Transmitter with the Cover Removed. 

power transformer and two type 83 

rectifier tubes which are effectively in 
parallel. A 100 ohm resister is placed in 
each plate lead of the 83 tubes in order 
to equalize the current load. Choke input 
is used to the filter, which consists of two 
filter chokes and several 10 ktfcl. con-

densers. 
The crystal oscillator should be ad-

justed for the highest frequency crystal in 
the desired band of operation, after which 
the crystals can be changed for operation 
in the same band without retuning, except 
when 20 meter crystals are used. 
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Resistance Coupled Amplifiers 
Resistance coupled amplifiers are used 

for many purposes, such as radio re-
ceivers, speech amplifiers, public address 
systems and phonograph amplifiers. This 
form of amplifier utilizes condensers and 
resistors, rather than transformers or in-
ductances, for coupling between stages. 
The resistors are used for the purpose of 
supplying d.c. voltage or current to the 
grids and plates of the tubes. The resistor 
values are chosen so as to have as little 
effect as possible on the signal which is 
being amplified by the vacuum tube. In 
some cases the resistor and condenser 
values purposely are chosen to provide 
amplification only over certain bands of 
frequencies. The constants shown in the 
accompanying circuit diagrams are values 
suitable for speech amplifier and radio 
receiver operation in which the desired 
band is from approximately 100 cycles up 
to 5000 cycles per second. 
The values of coupling condensers be-

tween the plate and grid circuits can be 
chosen so that a resistance coupled am-
plifier will pass very low audio fre-
quencies. When using the values shown, 
cut-off occurs at approximately 100 cycles 
per second when the grid resistors also 
indicated in the circuits are inserted for 
connection across the grids of the follow-
ing amplifier tubes. The relative values 
of the plate and grid resistors with respect 
to the tube input and output capacities 
(in addition to the values of coupling 
condensers) determine the high-frequency 
cut-off. Lower values of resistance pro-
vide less gain per stage over the desired 
frequency range; the range, however, is 
extended upward for higher frequencies. 
By using lower values of plate resistors 
the amplifier can be made to pass fre-
quencies of several hundred thousand 
cycles per second, such as for television 
requirements. 

Resistance coupled amplifiers are used 
only for voltage amplification and not for 
power amplification. The relatively high 

value of the resistance in the plate circuit 
limits the amount of d.c. plate current, 
which makes these amplifiers unsuitable 
for delivering high power output. The re-
sistance coupled amplifier has a decided 
advantage over other forms of amplifiers 
in that it is less subject to a.c. hum pickup 
from nearby magnetic fields. For this 
reason it generally is used for circuits in 
which the input audio signal is very 
small, such as low-level microphone am-
plifiers. 

Audio transformers tend to pick up an 
excessive amount of a.c. hum in low-
level circuits, no matter how carefully the 
transformers arr oriented or shielded. 
More voltage gain can be obtained from 
a resistance coupled amplifier with the 
proper choice of tubes than can be ob-
tained from a transformer coupled ampli-
fier having an equivalent audio frequency 
characteristic. 

Motor-boating difficulties in multi-
stage amplifiers generally are more pro-
nounced with resistance coupling than 
with transformer coupling. This is due to 
the better low-frequency amplifying 
characteristic of most resistance coupled 
amplifiers; motor-boating occurs at very 
low audio frequencies, so that an ampli-
fier which does not amplify low audio 
frequencies will seldom prove trouble-
some. RC filters, which consist of addi-
tional resistors and condensers as shown 
in the plate circuits of some of the ampli-
fiers illustrated, will greatly reduce any 
tendency toward motor-boating. Nor-
mally, no trouble will be had from this 
source unless at least three stages of am-
plification are connected to the same plate 
supply. The phase relationship is correct 
for regenerative feed-back from the last 
stage to the first in a three stage amplifier. 
The common coupling occurs across the 
impedance of the plate supply because 
this impedance cannot be made equal to 
zero. This impedance usually is in the 
neighborhood of 1,000 ohms even in a 
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well designed power supply, and at very 
low audio frequencies it may well exceed 
this value. The feedback between adja-
cent circuits, such as would occur in a 
two stage resistance coupled amplifier, is 
of the wrong phase relationship to pro-
duce oscillation or motor-boating. 

Triode Resistance Coupled 
Amplifiers 

Several circuits are shown with suitable 
constants for high and low ti triodes. A 
high i triode will always provide more 
voltage amplification per stage than can 
be obtained from a low 1.1 resistance 
coupled amplifier. Low it triodes, how-

A F 
58 76 Of 

.250 

VOLTAGE GAIN OF 10 

Figure 1 

ever, often are used with resistance coup-
ling to simplify the circuit design and also 
for reasons of economy. 
A type 76 or 56 triode, which has a 

medium amplification constant, can be 
used in the circuit shown in figure 1, 
where a voltage amplification of approxi-
mately 10 is desired. These tubes are 
more suitable for resistance coupled am-
plification than the older type 27 or 201A 
tubes, whose amplification constants are 
lower than those of a 76 or a 56. This 
type of amplifier is suitable for connection 
to the grid of a class A 45 tube, or a pen-
tode such as the 2A5 or the 42. 

Pentode tubes, such as the 6C6, 6J7, or 
57 may be used as triodes by connecting 
the suppressor and screen grids to the 
plate of the tube. This connection gen-
erally produces about 10% as much volt-
age amplification as could be obtained 
with the same tube in a pentode resistance 
coupled amplifier. However, the circuit 
design may call for a stage having an am-
plification of 10 or 12 in order to obtain 
the desired overall gain in a multi-stage 

VOLTAGE GAIN OF 12 

A 

Figure 2 

amplifier. With the circuit constants 
shown in figure 2, a voltage amplification 
of approximately 12 can be obtained and 
this amplifier can be used in any circuit 
which ordinarily uses a 56 or 76 ampli-
fier. The value of the cathode resistor is 
somewhat different, due to the difference 
in amplification constant. The value of 
the cathode by-pass condenser is deter-
mined by the low-frequency characteristic 
desired. In these circuits the values indi-
cated are suitable for amplifiers which 
operate down to somewhat less than 100 
cycles per second. The condenser value 
shown across the cathode resistor is nearly 
twice as high as would be needed in order 
to obtain the desired frequency character-
istic, because of the difficulties from a.c. 
hum which will be introduced in the am-
plifier when an a.c. supply is used for the 
heater of the tube. A large value of 
cathode by-pass capacity always tends to 
reduce a.c. hum in the amplifier when the 
latter is due to the use of an a.c. 2.5 or 
6.3 filament supply. 

F 
2A6. 75 AA! 

• 250 

VOLTAGE GAIN OF SO 

A F 

Figure 3 

A high i.t triode, such as a 2A6 or 75, 
will provide a gain of approximately 50 
in the circuit shown in figure 3. The 
diode plates in these tubes are normally 
connected to the cathode at the tube 
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+250 

VOLTACE GAIN OF 65 

Figure 4 

socket since the diode portion of the 
tube is not used unless the tube is func-
tioning in a radio receiver circuit. 

Another high la tube circuit is shown 
in figure 4. 
The 6F5 is a high la metal tube triode 

which will give a voltage gain of about 
65 in this circuit. The type 6F5 tube 
should have an RC filter in the plate sup-
ply lead when it is connected in the usual 
speech amplifier which has three or more 
stages of amplification operating from the 
same power supply. A typical RC filter 
is shown in figure 7 and consists of a 
0.5 pfd. condenser and a 50,000 ohm re-
sistor connected in the plate supply lead. 
This same filter is suitable for use in any 
pentode or high p triode resistance 
coupled amplifier. 

In some public address and phono-
graph amplifiers, a dual-triode tube, such 
as a 53, 6A6 or 6N7 can be used to le-
duce the total number of tubes required. 
Each triode unit can be connected to a 

OAS 

A F. 

AF, 

,oLTAGE GAIN 0, 2.1 IN EACH TRIODE 

Figure 5 

separate input, such as a microphone and 
a phonograph unit, and the outputs can 
be connected to separate amplifiers, as 
shown in figure 5; it is also possible that 
the plates be connected in parallel by 

reducing the value of the plate resistor to 
approximately half that shown in the 
accompanying diagram. In this case 
(parallel plate connection) the voltage 
amplification will be less than the value 
of 24 shown in the circuit diagram, be-
cause of the lower value plate- resistor. 
These dual-triodes can be connected in 
series, if the grid and plate return circuits 
are properly decoupled with RC filters. 
Fixed grid-bias, obtained from C batter-
ies or Mallory cells in series connection, 
is often more desirable than self-bias ob-
tained from a cathode resistor. Fixed bias 
of this type reduces the tendency of feed-
back in the grid circuits and often 
eliminates a.c. hum difficulties which can 

57, 

*260 

VOLTAGE GAIN OP 176 

Figure 6 

be traced to a cathode resistance in this 
type of circuit. When fixed bias is used 
in series with the grid resistor to ground, 
the cathode is connected directly to 
ground and negative B. 

Pentode Resistance Coupled 
Amplifiers 

A typical high gain pentode resistance 
coupled amplifier is shown in figure 6. 
The pentode tube operates in a manner 
similar to that of a high a triode, but 
provides considerably more voltage gain 
per stage. A 6C6, 57 or 6J7 will give a 
gain of approximately 175 when used in 
the circuit shown in figure 6. 
The resistor and plate supply voltage 

values can be altered in order to obtain 
amplifications of any value from 2 or 3, 
up to well over 200 times in this same 
general type of circuit. The value of plate 
supply voltage determines the cathode, 
screen-grid and plate resistor values for 
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a given amount of voltage amplification. 
The grid coupling condenser and screen-
grid and cathode by-pass condensers de-
termine the low-frequency audio amplifi-
cation characteristic. The pentode tube is 
especially desirable in resistance coupled 
amplifiers which must amplify the higher 
audio frequencies (8000 to 20,000 cycles 
per second). The pentode is a screen-
grid tube in which there is very little 
capacity between the control grid and 
plate. This extremely small capacity pre-
vents the reaction of the plate circuit on 
the grid circuit with respect to input 
capacity. The dynamic input capacity of 
any amplifier depends upon the amplifica-
tion of the stage and the value of grid-to-
plate capacity of the tube, with the result 
that it is always a great deal more than 
the static value of grid-to-cathode, or in-
put capacity. A triode has a grid-to-plate 
capacity of a great many times that of the 
screen-grid tubes, so that the effective in-
put capacity in a resistance coupled ampli-
fier is a great deal higher than in a pen-
tode amplifier, in spite of the much 
higher amplification of the latter. 
A type 2B7, 6B7 or 6B8 duplex-

pentode can be used in a resistance 
coupled amplifier in order to obtain a 
voltage gain of 100 times in the circuit 
shown in figure 7. 
The diode plates of any of these tubes 

267. 
697.6E16 

250 

GA N 

Figure 7 

can be used for the purpose of detection 
or a.v.c. in a radio receiver, or they can be 
connected to the cathode in case the tube 
is to be used only as an audio amplifier, 
such as in a speech amplifier. 

If frequencies much below 100 cycles 
per second are to be amplified, the .006 
pfd. grid coupling condenser can be in-
creased in value to .03 1.tfd. Fixed bias 
in the form of a 1.5 volt C battery or a 
single Mallory cell, can be connected in 
series with the control grid of the tube 
shown in figure 6 or 7 in order to elimi-
nate the cathode resistor and bypass con-
denser. The usual 1 or 2 megolun grid-
leak used in nearly all amplifiers from 
grid-to-ground is not indicated in any of 
these circuit diagrams. This grid-leak 
would be necessary in order to provide a 
d.c. grid-bias to the amplifier tube. 
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Phase Inverters 
A pushipull audio amplifier requires 

voltages across the two grid circuits which 
are 180 degrees out-of-phase. This can 
be accomplished in a transformer-coupled 
amplifier by means of a center-tapped 
secondary coil with the two grids con-
nected to the outside terminals of the 
winding. Sometimes it is desirable ro 
eliminate an audio transformer, yet still 
make use of push-pull amplification; this 
can be accomplished by means of any of 
the three circuits shown here. 
The out-of-phase voltage ( 180 degrees 

out-of-phase) can be obtained by means 
of a vacuum tube as well as through a 
split-coil in an audio transformer. The 
plate voltage in a resistance coupled am-
plifier is 180 degrees out-of-phase with 
that of the grid circuit; this allows an 
extra tube to be connected so that its 
plate circuit is connected to one side of 
the desired push-pull amplifier and its 
grid circuit connected across a portion of 
the other side of the push-pull input 
stage. 

In figure 1, the 6C5 tube acts as a 
phase inverter having a gain of one. It 
is used simply for the purpose of driving 

.250 
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l'.uro 1 

one side of the push-pull amplifier grid 
circuit in the proper phase relationship. 
The input signal is connected to the high 

6F5 tube and is then amplified and 
applied to the grid of the upper push-
pull tube. A small portion of this ampli-
fied signal is connected to the 6C5 phase 

inverter grid and amplified through it to 
drive the remaining push-pull grid. The 
amount of amplification in the 6C5 tube 
determines the point of connection of its 
grid circuit to the driver stage. If this 
tube gives an amplification of 10 times, 
its grid would be connected across 1/10th 
of the driver stage output signal voltage. 
For practical purposes, the grid is con-
nected to the moving arm of a 50,000 
ohm potentiometer in series with the !•2 
megolun grid-leak, shown in figure 1. 
The correct setting for this potentiometer 
can easily be determined by ear because 
very noticeable audio distortion will re-
sult when this potentiometer is incorrectly 
set. The 6F5-6C5 two-tube phase inver-
ter may be connected to a pair of 6L6 or 
6F6 power amplifier tubes; outputs of 
from 6 to 15 watts can be obtained in 
the conventional arrangements. 
A single tube can be connected as a 

phase inverter, as shown in figure 2, pro-
vided that the input signal can be iso-
lated from the common ground bus con-
nection. A diode detector, connected as 
shown, allows the input signal to be ap-
plied across the grid and cathode through 
the 4 mfd. condenser and 2,500 ohm re-
sistor. 
The 6F5 amplifies this signal and 

divides it equally between the plate and 
cathode circuits when equal resistors are 
used, such as the value of 100,000 ohms 
shown in the diagram. One push-pull 
grid circuit is connected to the 6F5 plate 
circuit, and the other to the 6F5 cathode 
circuit. The audio signal applied to the 
push-pull grids is equal and 180 degrees 
out-of-phase. A pair of 6F6 or 6L6 tubes 
are suitable for power amplifiers con-
nected to the 6F5 phase inverter. This 
circuit requires no variable adjustment, 
such as that shown in figure 1, but re-
quires an input circuit which is completely 
isolated from common ground connec-
tion. A 1/2-megohm volume control can 
be connected as shown in the grid cir-
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SINGLE OF 5 TUBE PHASE INVERTIR 

Figure 2 

cuit, making sure that the lower end is 
connected back to the cathode circuit at 
the point indicated in the diagram. An 
audio transformer secondary could be 
connected across the volume control for 
connection into any type of circuit. The 

capacity of the secondary winding to 
ground should be made as low as pos-
sible in order to prevent circuit unbalance 
at the higher audio frequencies. 

DuAL 

OS 
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Figure 3 
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_A dual-triode is often used as a. 
phase inverter, as shown in figure 3. 
The phase inverting action is exactly 
the same as that described for figure 
1. One triode serves as a resistance 
coupled amplifier driver stage, the 
other triode of a 53, 6A6, or 6N7 
acts as a phase inverter. The grid of 
one triode is connected to a 50,000 
ohm potentiometer in order to obtain 
the correct adjustment for distortion-
less operation. This adjustment can 
be made for any given tube and need 
not be changed over long periods of 
time. This control can be located at 
the rear of an amplifier or receiver 
chassis. 

If a cathode ray oscilloscope is avail-
able, the proper setting for the 50,000 
ohm grid potentiometer can be deter-
mined more accurately. In this casé the 
potentiometer is varied until the voltage 
being applied to each grid of -the push. 
pull output stage is exactly• equal; this 
can be determined when the deflection 
produced on the screen of the oscillo-
scope is the same as measured on either 
of the output grids. 

Phase inverters are often used in tele-
vision receivers in order to amplify the 
outputs of scanning oscillators for con-
nection into the four deflection plates of 
a cathode-ray tube. In some cathode-
ray tubes the deflection plates are not 
grounded, and require a balanced circuit 
with respect to ground for proper opera-
tion. 
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CAPACITIVE REACTANCE TABLE 

e This Table is useful in that it shows how effective a certain size condenser will 
be for a few of the commonly used audio and radio frequencies. The capacitive 
reactance listed indicates how effective the particular condenser capacity will be 
when che condenser is used for coupling or by-passing. A by-pass condenser should 
have very low reactance to the frequencies which must be by-passed. For example, 
a 0.1 la. condenser would be suitable for by-passing a frequency of one megacycle, 
but would present over 26,000 ohms reactance to an audio frequency of 60 cycles 
per second. The reactance of an 8 pic'. condenser is several hundred ohms at 60 
cycles per second, which shows why cathode by-pass condensers in power amplifiers 
are often made as high as 50 lifd. 

A 0.1 .rfd. condenser would be suitable for a coupling condenser between 
resistance coupled audio amplifier stages, since its reactance at 60 cycles (26,540 
ohms) is only a small percent of the grid-leak resistance, which would normally be 
a 14 or y2 megohm (250,000 or 500,000 ohms). The low-frequency amplification 
of the amplifier would be reduced only slightly from that obtained at 1,000 cycles 
per second, at which point the 0.1 gd. condenser would have a reactance of 1,592 
ohms. 

Other uses for and applications of the table will be apparent. 

Capacity 

in Micro-

farads 

CAPACITIVE REACTANCE IN OHMS 

Xc for 
60 Cycles 
Per Second 

Xc for 
180 Cycles 
Per Second 

Xc for 
1000 Cycles 
Per Second 

Xc for 
5000 Cycles 
Per Second 

Xc for 
1 Mega- 
cycle 

Xc for 
15 Mega-
cycles 

00005 53,078,000 17,690,000 3,185,000 637,000 3,185 212 

.0001 26,540,000 8,840,000 1,592,000 318,500 1,592 106 

.00025 10,616,000 3,540,000 636,900 127,400 637 42.5 

21.2 .0005 
 --- 

5,308,000 
- 

1,769,000 318,500 63,700 319 

.001 2,654,000 884,000 159,200 31,850 159 110.6 

.005 530,800 176,900 31,850 6,370 

3,185 

32 

16 

2.1 

.01 265,400 88,400 15,920 1.06 

.05 53,080 

26,540 

17,690 3,185 637 3.2 

1.6 

0.32 

0.21 

0.1 8,840 1,592 319 

64 

0.11 

0.5 

1.0 

5,308 .1,769 319 

159 

79 

0.02 

2,654 884 
_ 

32 0.16 0.01 

2.0 1,327 442 16 0.08 0.005 

4.0 664 221 39 

20 

8 

4 

0.04 

0.02 

0.003 

8.0 332 111 0.001 
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TanklCircuit Capacities 
The theory of tank circuit capacities is 

fully covered in the Jones Radio Hand-
book. The accompanying Tables were 
compiled, however, in order to simplify 
further the problem of choosing the cor-
red tuning condenser capacities. In the 
tabulated values will be found the op-
timum magnitudes from which to select 
the total tuning capacity in the final am-
plifier of any short-wave transmitter. 

These values provide an approximate Q 
equal to 20 for normal antenna loading. 
Values of tuning capacities are shown for 
the commonly used phone bands of 2, 
4, and 28 megacycles. Each general type 
of final amplifier plate circuit requires a 
different value of tuning capacity. For 
example, a single-ended final amplifier 
with grid neutralization would require 
four times as much capacity as would be 
required for a plate neutralized class C 
amplifier. (See Tables.) 
A push-pull amplifier is similar to a 

plate neutralized circuit; the L/C circuit, 
however, receives twice as many impulses 
from the power tubes as it would in the 
case of a single tube. For this reason a Q 

Push-Pull Class C Modulated 
Amplifier Plate Tuning Capacity 

DC Plate 
Resist. 
Ed 
. - ' 
aae 

2 
Mer- 

( /epee:. 
n itgicl.) 

4 
Mer- 

(act:tease. 
lipid.) 

14 
M- 

( cyacpleas n . 
In ntid.) 

28 
Mega-

( gacp °ale . 
in ttlIttla 

2.000 200 100 29 14 

3,000 133 66 19 9 

4,000 100 50 14 7 

5,000 80 40 11 6 

6,000 67 33 10 5 

7.500 53 27 8 4 

10,000 40 20 6 3 

15.000 27 13 4 2 

1.5 20.000 20 10 3 

value of 10 under normal load conditions 
should be satisfactory. On this basis the 
value of tuning capacity across the entire 
circuit would be half as much as for a 
single-ended plate neutralized circuit. 
The empirical formula used in calculating 
this table is: 

where 

800,000 

fRz, 
C is the capacity in micro-micro-

farads, 
f is the frequency in megacycles, 

is the d.c. plate resistance in 
ohms. 

Ede 

° 
where Ede is the plate voltage, 

Id, is the total d.c. value of plate 
current in amperes. 

The value of Rp always is equal to the 
d.c. plate voltage divided by the d.c. plate 
current, regardless of the number of tubes 
in the circuit. The total current either to 
push-pull or to paralleled tubes is used 
for the value of Idc . 

In these tabulations, listings are made 
against d.c. plate resistance, rather than 
against typical plate voltage and plate 
current values, in order to avoid duplica-
tion of listed capacity values. For ex-
ample, an amplifier operating at 150 ma. 
with 3,000 volts of plate supply would 
require the same tuning capacity as an 
amplifier operating with 75 ma. at 1,500 
volts. In either case, the d.c. plate resis-
tance is 20,000 ohms. Typical values of 
d.c. plate resistance are given in the fol-
lowing examples: 
A pair of type 211 tubes operating at 

1,200 volts plate supply and 300 ma. 
would have a resistance of 4,000 ohms, 
which would be the value used in the 
tables to locate the desired tuning capa-
city. An HK-354 with a 3,000 volt plate 
supply operating at 250 ma. of plate cur-
rent would have a d.c. plate resistance of 
12,000 ohms. From the tables the tuning 
capacity would fall between the values 
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Plate Neutralized Circuit Class C 
Modulated Amplifier Tuning 

Capacity 

DC Plate 
Resist. 

Ed e 

2 
Me- 

( cyclesapa c . 
iniId.) 

4 
Mer- 

( cycles 

in tti.ticl.) 

14 
Mega- 

( &Plea:. 
in µµ1c1.) 

28 
Mega-

( Uaepi ea lic . 
n tteld.) 'dc 

2.000 400 200 57 28 
-- — _ 

3,000 133 267 38 19 
- 

4,000 200 100 14 28 

5,000 160 80 23 11 

6.000 133 66 19 10 

107 53 15 8 
7,500 -- — 

6 
10,000 

80 40 11 

53 2 7 8 4 
15.000 

40 20 6 3 20,000 

25.000 32 16 5 2 

30,000 27 13 4 2 

shown for 10,000 and 15,000 ohms. A 
pair uf type ' 10 tubes in push-pull with a 
600 volt plate supply at 150 ma. would 
have a d.c. plate resistance of 4,000 ohms, 
which would require a tuning capacity of 
100 . pfd. in the 160 meter band, or 50 
ppfd. in the 75 meter band, as shown in 
the tables for a push-pull amplifier. If 
these same type ' 10 tubes are used in 
parallel with plate neutralization, (split-
stator or split-coil tuned plate circuit), 
the capacity would be 200 ppfd. for 160 
meter operation. Grid neutralization 
would not be very practicable for this par-
ticular parallel tube arrangement, since 
the desired value would be 800 ppfd. • 
A type 35T or T55 with a 1500 volt 

plate supply at 150 ma. would have a 
plate impedance of 10,000 ohms. 
A pair of type T200 tubes operating at 

1500 volts and 600 ma would have a 
plate impedance of 2,500 ohms, which is 
half-way between the values of 2,000 and 
3,000 shown in the tables. 

Practically any combination of plate 
voltage and plate current, no matter what 
type of tubes are employed, will result in 
a d.c. plate resistance which will fall 
near to the values listed in the tables. 

All of the values for tuning capacities 
shown in the various tables may be 
divided by 2 for c.w. operation. For 
example, a tuning condenser capacity of 
35 ppfd. for c.w. operation would be 
satisfactory, where a 70 ppfd. condenser 
would be required for phone operatiou. 
The size of the tuning coil, of coursr, 
would be different in the two cases. 
The values shown for phone operation 

are quite suitable for c.w. operation, since 
very little loss in efficiency will result, 
and the values shown will reduce the 
amount of illegal haimonic radiation. 
A single screen-grid tube amplifier in 

which the plate circuit is connected across 
the entire tuned circuit should use tuning 
capacities listed in the table for grid 
neutralized amplifiers. 

Grid Neutralized Circuit Modu-
lated Class C Amplifier Plate 

Tuning Capacity 

DC Plate 2 4 14 28 
Resist. Mega- Mega- Mega- Mega-
E„ cycles cycles cycles cycles 

- T -c.- (Lee piadc i itaCpaiffadc..) e pailitIci friCppirici 

2.000 1600 800 228 114 

3,000 1064 532 152 76 

4,000 800 400 114 56 

5,000 640 320 92 46 

6,000 533 266 76 38 

7,500 427 213 60 80 

10.000 320 160 46 22 

15,000 217 108 30 — 15 

20,000 160 80 23 11 

25.000 128 64 18 8 

30.000 106 53 15 7 
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Coil Calculations 
The physual dimensions and the num-

ber of turns of wire for short-wave re-
ceiver or transmitter coils can be calcu-
lated to within an accuracy of 1 or 2% 
with the aid of the information given 
here. 

The effcctive capacity across the tuned 
circuit usually is known; this value in-
cludes that of the variable tuning con-
denser, together with the few micro-micro-
farads of miscellaneous tube and wiring 
capacities. The frequency to which the 
coil must be tuned is known, so that the 
inductance of the coil can be calculated by 
means of the following formula: 

(1) L 
1 

(2 7r f) 2 C 
where L is the inductance in microhenrys, 

f is the frequency in megacycles, 
C is the capacity in microfarads, 

The number of turns of wire required 
to obtain the value of inductance calcu-
lated from the above formula may be de-
termined by means of the following equa-
t'on: 

(2) 
V a L 

n 
V .01 d2 K 

where n is the total number of turns, 
d is the diameter of the coil, 
a is the length of the coil in the 

same units, 
L is the inductance in microhenrys, 
K is a constant taken from the ac-
companying table. 

The value of K depends upon the ratio 
of the coil diameter to the coil length. 
For example, a coil 1 inch long and 2 
inches in diameter would have a ratio of 
2.00, and from the table the value of K 
would be 1.32. As another example, as-
sume a coil to be 4 inches long and 2 

inches in diameter; this coil would have a 

d 
ratio of — = 0.50, which in the tables is 

a 

seen to give a value of K equal to 2.05. 
d 

The value of — can be obtained from 
a 

the size of the coil forms available for use 
in the desired short-wave band. The 
number of turns can be chosen from the 
Wire Table, so that the coil can be close-
wound or space-wound. A simplified 
Wire Table is shown for the most com-
monly used sizes of wire with the various 
kinds of insulation. From this Table it is 
seen that no. 18 double-cotton-covered 
wire can be wound 20 turns to the inch 
when close wound. The coil could be 
wound with no. 18 double-cotton-covered 
wire and be space wound, so that it would 
have only one-half or one-third as many 
turns as it would have if close wound. 
The total number of turns of wire on the 
coil for close-wound coils can be obtained 
by multiplying the number of turns per 
inch, as shown in the Wire Table, by the 
length of the coil, a, in inches. 

Formula ( 2), previously given for the 
number of turns, is derived from the re-
lationship: 

(3) L — 

.01 (12 n2 K 

a 
This formula has an error of less than 

2% for single- layer-wound solenoid coils. 
A typical coil calculation for the ama-

teur 80 meter band is given in the fol-
lowing example of a coil used in a crystal 
oscillator or low power buffer stage: 

The circuit is assumed to be tuned 
with a 100 ipfd. condenser. It can 
be safely assumed that the total cir-
cuit capacity at resonance is 80 1.11.tfd. 
with the condenser plates partially 
enmeshed. The tube capacities add 
from 15 to 30 vi...tfd. if capacitive 
coupling is used between stages. The 
frequency corresponding to about 85 
meters is 3.5 megacycles. By substi-
tuting these values in formula ( 1), 
the required value for the inductance 
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can be calculated: 
(Remembering that 80 tatifd. = 

.00008 pfd.) 
1 

L 
(2 IT 3.5) 2 X .00008 

from which, L =- 26 microhenrys. 
If a standard plug-in coil form is used, 

with a diameter of 11/2 inches, the wind-
ing can be made any convenient length, 
such as 2 inches. This gives d and a 
the values 11/2  and 2 respectively. The 
value for K corresponding to their ratio 
is 1.87. The number of turns then can be 
calculated from formula ( 2): 

V a L  
thus 

V .01 d2 K 

V 2X 26 

== V .01 X1.5 X1.5 X1.87 

= 35 turns. 

Inductance Formula Constants 

Diem. to Length Ratio 
d - 
a 

Constant 
IC 

.01 2.50 

.1 2.40 

.5 2.05 

.75 1.87 

1.0 1.72 

2 1.32 

3_ _ _  1.08 

10 .51 

The value for K ( 1.87) is found from 
the Table. corresponding to 

1.5 
= .75 

a 2 

The 35 turns obtained in the preceding 
calculation are to be wound into a space 
of 2 inches, which corresponds to 17 1/2  
turns per inch. Any wire of a size which 
will fit into this space of 17V-, turns per 
inch can be used for the coil winding. 
No. 18 wire could be slightly space-
wound, or no. 16 single-cotton-covered 
wire could be close-wound, as shown in 
the Copper lY'ioe Table. 

Copper Wire Table 
(Turns Per Inch) 

Wire DCC SCC DSC SSC Enam. 
Gauge 
No. 

34 68.5 87.5 97 120 145 

32 60 75 84 101 130 

30 51 64.5 71 83 92 

28 45.5 54.5 80 68 74 

26 40 45 50 56 59 

24 33.5 37.5 41.5 45 47 

22 28.5 32 34 36.5 37.5 

20 24 26.5 28 29.5 30 

18 20 21 22.5 23.5 24 

16 16.5 17 18 19 19 

14 13 13.5 14.5 15 15 

12 10.6 10.8 11,8 12.1 12.1 
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Tuning Indicators 
Several types of electron- ray tubes, of 

which the 6E5 is typical, are specifically 
intended for use as tuning indicators in 
radio receivers. Three commonly used 
circuits are shown here for various circuit 

2ND DEI & AVC 

F 

+ 250 

ELECTRON RAY TuNi NG INDICATOR T 1 T 

Figure 1 

applications. These tubes provide a visual 
indication of the carrier signal strength, 
and in this way afford an excellent aid 
toward the proper tuning of a receiver, 
or in conjunction with a potentiometer 
control, as an indicator of signal strength. 
The tube types 6E5 and 6G5 produce 

a brilliant fluorescent arc segment which 
opens and closes, depending upon the 
variance of signal strength. The maximum 
signal closes the arc. The indication of 
carrier signal strength obtained in this 
way is more sensitive than a meter to 
variations of low magnitude and short 
duration. It can be seen more easily than 
a variation in the reading of a d.c. milli-
ammeter, or a tuning indicator meter. 
The electron ray tubes are voltage 

operated and the control grid is connected 
across a portion of the a.v.c. voltage in 
most radio receiver applications. A typi-
cal circuit of this type is shown in figure 
1. The selection of a 6E5 or 6G5 in this 
circuit depends upon the maximum value 
of .a.v.c. voltage developed in the radio 
receiver. In a multi-stage set the auto-
matic volume control voltage is applied 
to the grid circuits of several amplifying 
stages so that the required a.v.c. voltage 
is relatively low, even on very strong sig-

nals. The 6E5 cuts off with a grid poten-
tial of approximately 7 volts (i.e., the arc 
is completely closed) and is suitable for 
such multi-stage receivers. The tube type 
6G5 has a more remote cut-off, approxi-
mately 22 volts, and hence is preferable 
in radio receivers having only a few tubes 
and requiring an a.v.c. voltage of greater 
magnitude. 
When a.v.c. voltage is applied only to 

one or two stages of a radio receiver the 
maximum voltage obtained from a very 
strong carrier signal, such as that of a 
local broadcasting station, may reach a 
value even greater than 22 volts. In this 
case, the grid of the electron ray tube 
should be connected across only a portion 
of the total a.v.c. voltage. For circuits in 
which the maximum a.v.c. voltage only 
slightly exceeds the cut-off value of the 
particular electron- ray tube, a fixed resis-
tor of the proper value, R„ can be con-
nected as shown in figure 1, in order to 
prevent any overlapping effect of the tun-
ing-eye segment. If the radio receiver 
employs delayed a.v.c., the tuning indica-
tor tube should be connected through an 

01011. 

CIRCUIT FOR GREATER SIGNAL RANGE FOR • 

CATHODE RAY TUNING INDICATOR 

Figure 2 

RC filter to the audio-diode circuit. The 
audio frequency component must be fil-
tered out in order to prevent flickering of 
the tuning indicator "eye". 
A fading signal will cause a change )n 

the width of the center arc segment. 
These indicator tubes may be used for 
direct "R" strength measurements, by 
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calibrating the receiver sensitivity control 
against a constant value of fluorescent 
deflection. 
The 6E5 tube can be connected into a 

superheterodyne receiver circuit as shown 
in figure 2. This arrangement provides a 
wider range than can be obtained in the 
more common circuits, such as figure I. 
The tuning indicator deflection de-

pends upon the a.v.c. voltage in most 
circuits, with the result that when pro-
vision is made to prevent overload of the 
indicator tube the sensitivity to a low 
signal strength of relatively few micro-
volts input is imperceptible to the eye. The 
circuit shown in figure 2 overcomes this 
defect and a more nearly constant varia-
tion of deflection is obtained over the 
complete range from strong local signals 
to very weak distant signals. The control 
grid of the 6E5 tube is connected to the 
cathode of one of the amplifying tubes 
which is controlled by the a.v.c. voltage. 
The cathode is made to operate at a posi-
tive potential of 7 volts with no signal 
input by the use of a high value of 
cathode resistor, which may be tapped as 
shown in figure 2. 
The cathode of the 6E5 tube is con-

nected to an i.f. amplifier which has its 
return grid circuit connected to its cath-
ode resistor, rather than to the a.v.c. bus. 
This cathode must also be operated at 7 
volts positive and the control grid circuit 
can be tapped across part of the cathode 
resistor in order to obtain the normal 
value of ( negative ) 3 volts grid-bias. The 
control grid varies over a range of not 
more than 7 volts regardless of the a.v.c. 
voltage applied to the grid of that particu-
lar i.f. tube. The cathode bias in this i.f. 
tube decreases from the positive 7 volt 
value practically to zero for very strong 

ARC 

4 r 

AMP 

ELECTRON RAY DETECTOR TUBE C IRCulT 

Figure 3 

signals which bias the control grid to a 
high negative value by means of the a.v.c. 
voltage. The plate and target of the 6E5 
tube are connected through a 1 megohm 
resistor to positive B, as in any tuning 
indicator circuit arrangement. 
The circuit shown in figure 3 eliminates 

one tube in a radio receiver. The tone 
quality obtained, however, is not quite as 
good as when a separate detector tube is 
used. 
The grid and cathode of the 6E5 or 

6G5 tube are connected together as a 
diode in order to obtain a.v.c. voltage and 
second detector action, as shown in figure 
3. It is necessary to by-pass the plate 
circuit of the tube in this arrangement, 
since the control grid has r.f. or i.f. volt-
age applied to it. 
The fluorescent deflection of the tube 

in the circuit of figure 3 depends upon 
the applied carrier signal which is recti-
fied in the grid circuit of the tube. The 
tuning indicator tube serves a multiple 
purpose, in that it acts as a second detec-
tor supplying an audio signal, furnishing 
a.v.c. voltage to the i.f. and r.f. ampli-
fiers, and as a tuning indicator for tuning 
the receiver to resonance with the desired 
signal. 
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Calibration Oscillators 
Broadcast stations are capable of main-

taining their respective frequencies with 
extremely high accuracy. Many of the 
stations in the 550 to 1500 k.c. broadcast 
range maintain their carrier frequencies 
to within 5 or 10 cycles per second. The 
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Calibration Oscillator for Battery 
Operation. 

signals from these stations may be used 
for calibration purposes in the short-wave 
range. The method is to zero-beat a small 
oscillator with the incoming broadcast 
carrier signal and pick-up the harmonics 
of the local oscillator in the short-wave 
receiver. The short-wave receiver may be 
calibrated by using several points, or a 
frequency meter may be calibrated by zero-
beating it against the harmonics of the 
local oscillator. 
The necessary equipment includes a 

roughly calibrated short-wave receiver, 
either with a beat-frequency oscillator .or 
one of the autodyne detector type, a cali-
bration oscillator, and a broadcast receiver 
of any type. The calibration oscillator 
should be capable of tuning over the 
broadcast band and can be of either type 
shown in the accompanying circuit dia-
grams. Any oscillator or signal genera-
tor may be used for this purpose. Har-
monics of the local oscillator, up to the 
10th or 15th, generally can be picked-up 
by the short-wave receiver. 

The local oscillator should be tuned :A 
that it produces zero-beat against the de-
sired broadcast station signal as heard in 
the broadcast receiver. A small 15 tiptd. 
midget variable condenser connected 
across the main tuning condenser of the 
calibration oscillator simplifies the ad-
justment to zero-beat. This oscillator will 
usually supply enough signal to the broad-
cast receiver for heterodyne purposes if : t 
is within a few feet of the receiver. If the 
broadcast station signal is very strong, the 
calibration oscillator sometimes must be 
coupled loosely to the antenna lead-in of 
the broadcast receiver. If the signal is 
weak, a mutual coupling will suffice. After 
the calibration oscillator is tuned to zero-
beat, the harmonics will be exact multiples 
of the broadcast station frequency. For 
example, a 700 k.c. signal will result in 
harmonics on 1400, 2100, 2800, 3500, 

4200, 4900, 5600, 6300, 7000, 7700, 
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With Heater Type Tubes, Battery Plate 
Supply Is Still Used for Stability. 

8400 k.c., etc. Normally, certain broad-
cast stations in any locality will have car-
rier frequencies which will provide har-
monic calibration for those frequencies 
lying within the amateur bands. A fre-
quency meter or receiver can be very ac-
curately calibrated by means of this 
method. 
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