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FOREWORD

This Raytheon "HANDBOOK FOR AMATEUR TUBE USES" is the First Edition

of a new booklet which we believe will help the amateur to obtain the finest

results from his vacuum tube equipment. It is not the purpose of this manual
to duplicate the tables and information which fill the pages of such handbooks
as the A.R.R.L.'s "The Radio Amateur's Handbook" and the "Frank C. Jones

Radio Handbook". Such books should be near the operating table of every
amateur. In the Raytheon Handbook we have endeavored to cover the funda-
mentals of practical tube operation in a simple and yet complete manner so

that the amateur can use it as a guide in the design of his own transmitter

and as an aid in understanding the functions of each section of the transmifter.

Since the tubes are the heart of any transmitter, one of the first steps in de-

sign should be the choice of tubes of proper characteristics and ratings for each
stage. This Handbook which lists a complete line of tubes for every amateur re-

quirement should prove particularly useful in making this selection. The amateur
usually derives the greatest enjoyment if his outfit is entirely or largely of his

own design and it is our hope that this Handbook will contribute to the success

and reliability of such outfits.

History records that the first use for a vacuum tube was in a receiver circuit

and that the application of the tube for transmission came onlv after a long

period of debate over the possible merit of the vacuum tube as compared with
other methods of generating radio signals. For many years, the same tubes

were used for transmitting that were employed in receivers. In fact, this prac-

tice has been continued by the amateur of today with good, though limited

results.

Until a few years ago, the transmitting tubes available to the amateur were
designed primarily for the commercial field and for operation at long wave
lengths. Except for a few expensive European tubes the amateur could use the

10, 203A, or 204A, if we leave out the less efficient predecessors of these
tubes, or he could use a few receiving tubes of the output variety. Fortunately,

the 46 and 47 type tubes fitted amateur requirements nicely and were given
immediate application when introduced for receiver use.

During the winter of 1932-33, several engineer-amateurs of the Raytheon
organization decided that the amateur requirements had been neglected far too
long and that a program of development could be carried out which would pro-
vide the amateur with tubes really fitted to his requirements and at the same
time make new friends for Raytheon. Amateurs all over the world already
were familiar with Raytheon gas rectifiers including the type B and BH tubes
and the related famous "S" tube. Thus, early in 1933 with a background of

more than ten years of experience, Raytheon started the movement to give
the amateur the tubes needed for more efficient use of the high and ultra-high
frequency spectrum.

Amateurs today may wonder where sorie of the design ideas originated.

Practically all came from amateurs. The fir:;t transmitter type of R-F pentode
capable of being modulated by the suppressor grid was suggested by the tech-
nical staff of the American Radio Relay League. High efficiency triodes, zero
bias Class B modulators, "beam" power tubes, etc., are all developments growing
out of the suggestions of the technical staff of the A.R.R.L., and other organ-
izations and individuals closely connected with amateur radio. Other develop-
ments to come will be developments growing out of the practical application
of new types of electronic devices to amateur communication needs. As in the
past, amateurs may look to Raytheon for leadership in these developments.
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RAYTHEON AMATEUR TUBES

CHOOSING A TUBE RK-ll RK-12

The following classification of Raytheon Amateur Tubes wilt be found useful

in choosing a tube for any amateur requirement. For complete ratings and
operating characteristic curves refer to each type in the rating and character-

istic data section.

The following symbols are used in this section:

Ef —Filament or Heater Voltage

If —Filament or Heater Current

EP —D-C Plate Voltage

Ec,-—D-C Control Grid Voltage

Ecs—D-C Screen Crid Voltage

Ec 3—D-C Suppressor Crid Voltage

l P —D-C Plate Current

lei —D-C Control Crid Current

lei —D-C Screen Crid Current

R C1—Control Crid Resistor (Crid Leak)

Rca—Screen Crid Resistor

Rl —Load Resistance

Pii —Driving Power

Po —Power Output

E.c—A-C Plate Voltage

Edc—D-C Output Voltage

liie—D-C Output Current

R-F POWER AMPLIFIERS

TRIODES Triodes are commonly used

as final amplifiers or as high

power drivers. They require more driv-

ing power than pentodes and must be

neutralized in straight amplifier applica-

tions. However, the cost of a triode is

considerably less than that of a pentode

of the same plate dissipation rating and

triodes are generally better adapted for

plate modulation. The input and output

capacitances of triodes are smaller than

those of pentodes and as a result triodes

are usually more suitable for very high

frequency operation (beyond 14 mega-
cycles) .

RK-10

The RK-10 is similar to the receiving

type 10 which has served the amateur

so long and faithfully. This tube, how-
ever, is specialty designed for trans-

mitting use, has a higher plate dissipa-

tion and incorporates an isolantite base

for improved high frequency perform-

ance.

Filament Thoriated Tungsten

Base Isolantite

Plate Carbonized Nickle

Bulb Soft Class

Plate Dissipation 15 watts

Amplification Factor 8

CLASS C—TELECRAPHY
SINGLE TUBE

Et

If

E,

E«i

l»

Id

R«i

P.

E,

Ed
lp

Id

R«i

P.

( approx.

)

7.5 volts

1.25 amp
450 volts

-100 volts

65 ma
15 ma
7000 ohms
19 watts

PUSH-PULL—TWO TUBES

(approx.)

450 volts

-100 volts

130 ma
30 ma
3500 ohms
38 watts

The RK-ll and RK-12 fill the

gap between the RK-10 and higher

powered tubes like the RK-51 and

RK-52. The construction of these

tubes is such that they represent

the maximum power output per

dollar of any tube in the amateur

tine. The plate lead is brought out

the top of the bulb to reduce in-

teretectrode capacitances and to

insure against voltage breakdown.

The RK-ll has an amplification

factor of 20 and is a general all

purpose triode that may be used

in any application where a tube of

its characteristics is desired.

The RK-12, with an amplifica-

tion factor of approximately 80.

is particularly applicable to zero

bias operation either as a double

or as a final amplifier for tele-

graphy. When used in this fashion

the driving power requirement is

extremely small, only two watts

for fifty watts output. At rated

plate voltage the plate current

without excitation of the RK-12

is so low that the tube is pro-

tected in case of failure of excita-

tion during the tuning-up process

or in subsequent operation.

Filament Thoriated Tungsten

Plate Carbonized Nickel

Base Isolantite

Bulb Soft Class

Plate Dissipation 25 watts

RK-ll Amplification Factor 20

RK-12 Amplification Factor (approx.) 80

CLASS C—TELECRAPHY

SINGLE TUBE

RK-ll RK-12

Er 6.3 6.3 volts

3.0 3.0 amp

E 750 750 volts

Ei'i -100 0 volts

Ip 105 100 ma

21 32 ma

5000 0 ohms

Po 55 50 watts

PUSH-PULL—TWO TUBES

RK-ll RK-12

Ep 750 750 volts

Eci

—100

0 volts

Ip 210 200 ma

lei 42 64 ma

Rci (approx.) 2500 0 ohms

P« 110 100 watts

RAYTHEON ENGINEERING SERVICE 5



RAYTHEON AMATEUR TUBES

RK-51 RK-52

The RK-51 and RK-52 utilize

graphite plates for improved heat radia-

tion and freedom from mechanical

warping. The RK-51 with an amplifi-

cation of 20, is a medium fi tube and

may be used as a general all purpose

triode.

The RK-52 may be operated as a

doubler or amplifier at zero bias with

low driving power requirements (3.5

watts).

Filament Thoriated Tungsten

Plate Craphite

Base Isolantite

Bulb Hard Class

Plate Dissipation 60 watts

RK-51 Amplification Factor... 20

RK-52 Amplification Factor (approx.)

150

CLASS C—TELECRAPHY

SINGLE TUBE

RK-51 RK-52

Ef 7.5 7.5 volts

If 3.75 3.75 amp

E, 1500 1500 volts

Ec,

—250

0 volts

I, 150 150 ma

In 31 50 ma

Re, (approx.) 8000 0 ohms

P 170 150 watts

PUSH-PULL—TWO TUBES

RK-51 RK-52

Ep 1500 1500 volts

Ec,

—250

0 volts

I, 300 300 ma

l cl 62 100 ma

Rc, (approx.) 4000 0 ohms

P 340 300 watts

RK-18 RK-31

The RK-18 and RK-31 use molybdenum plates and since it is permissible

to operate molybdenum plates at higher temperatures than graphite or carbon-

ized nickel, the area of these plates ts less per watt of plate dissipation. In

the case of the RK-18 this results in materially reduced interelectrode capac-

itances. The RK-18 is an excellent high frequency tube and can be used as

an amplifier at full ratings up to 30

megacycles. Although the RK-18 is

somewhat more expensive than some of

the newer type tubes because of its con-

structional features, its good operating

characteristics still make it an excellent

all purpose triode.

The RK-31 is a double grid tube and

is primarily designed for audio work.

Although the use of the double grid

produces a relatively high value of grid

to plate capacitance, the RK-31 can be

successfully used for high frequency

operation, particularly in zero bias ap-

plications. The double grid feature

greatly reduces the required driving

power so that for an output of 95 watts

only 2.2 watts of driving power is re-

quired. The power gain of 43 compares

favorably with the power gain possible

with a pentode.

Filament Thoriated Tungsten

Plate Molybdenum

Base Isolantite

Bulb Soft Class

Plate Dissipation 40 watts

RK-18 Amplification Factor... 18

RK-31 Amplification Factor (approx.

I

75

CLASS C—TELECRAPHY
SINCLE TUBE

RK-18

Er 7.5

Ir 3.0

EP 1250

Ec, —160

Ip 100

In 12

Re (approx.) 13000

Po 95

PUSH-PULL—TWO TUBES

RK-IS

Ep 1250

Ec, —160

l P 200

In 24

Re, (approx.) 6500

Po 190

RK-31

7.5

3.0

1250

0

110

38

0

95

RK-31

1250

0

220

76

0

100

volts

amp

volts

volts

ma

ma

ohms

watts

volts

volts

ma

ma

ohms

watts
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RAYTHEON AMATEUR TUBES

RK-35 RK-37

The RK-35 and RK-37 are tanta-
lum plate tubes with the grid
brought out the side and the pfate
out the top of the bulb. The use of
tantalum plates results in a large
factor of safety under temporary
overloads and makes possible low
interelectrode capacitances. These
and other design features make
these tubes suitable for operation
at the ultra high frequencies.

The filaments of the RK-35 and
the RK-37 are adequately large to
meet the peak requirements de-
manded by high efficiency operation.

Filament Thoriated Tungsten
Plate Tantalum
Base Isolantite

Bulb Hard Class

Plate Dissipation 50 watts

RK-35 Amplification Factor
9

RK-37 Amplification Factor
30

CLASS C—TELECRAPHY
SINCLE TUBE

Er

If

E„

Ec,

Ip

lc,

p.

RK-35 RK-37

7.5 7.5 volts

4.0 4.0 amp
1500 1500 volts

-250 --130 volts

115 115 ma
15 30 ma
15000 5000 ohms
120 122 watts

(approx. ) ,

PUSH-PULL—TWO TUBES

Ep

Ec
Ip

Id

R«i

Po

(approx. ) .

RK-35 RK-37

1500 1500 volts

-250 --130 volts

230 230 ma
30 60 ma
7500 2500 ohms
240 244 watts

RK-36 RK-38
(See Next Column)

The RK-36 and RK-38 are larger editions of the RK-35 and RK-37 and have
the same advantages already described for those tubes. The RK-38 is a higher
H tube than the RK-36 and its driving power requirements are somewhat
smaller. Two of these tubes in push-pulh operating at the maximum ratings,
offer the possibility of using the maximum lawful input of 1000 watts without
recourse to excessively high plate voltages.

Filament Thoriated Tungsten
Plate Tantalum
Base Isolantite

Bulb Hard Class

Plate Dissipation 100 watts
RK-36 Amplification Factor 14
RK-37 Amplification Factor 30

CLASS C—TELECRAPHY
SINCLE TUBE

RK-36 RK-38

Er 5 5 volts

It 8 8 amp
Ep 2000 2000 volts

Ect

—360

—200 volts

Ip 150 160 ma
l=i 30 30 ma
Rci (approx.) 12000 6650 ohms
P» 200 225 watts

PUSH-PULL—TWO TUBES
RK-36 RK-38

Ep 2000 2000 volts

Eci

—360

—200 volts

Ip 300 320 ma
l«i 60 60 ma
Ro, (approx.) 6000 3325. ohms
P« 400 450 watts
Ep 3000 3000 volts

E«i

—540

—300 volts
Ip 330 330 ma
lei 60 75 ma
Rci * »

p° 800 800 watts
*Full battery bias or battery bias to cutoff and remainder resistor bias.

RAYTH
MACl |M

R-F POWER AMPLIFIERS—CONTINUED
PENTODES Pentodes are used as crystal oscillators, buffer amplifiers, and in

final amplifier stages. They are characterized by very high power
gain and by low values of control grid to plate capacitance. The power gain
of a pentode, when used as a Class C amplifier, for instance, is about 100
as compared to between 10 and 20 for a triode. These features make them
particularly suitable for use in multiband transmitters where it is desired to
use a small number of stages, a minimum of coil switching in the exciter and
no neutralization.

Modulation of pentodes can take place by simultaneous modulation of the
plate and screen or by modulation of the suppressor grid. Suppressor grid
modulation is one of the simplest and most fool proof modulation methods that
has been devised. The audio power required for suppressor modulation is very
small and can be supplied from a very low power modulator. The RK-28, for
example, which is the highest power pentode in the Raytheon Amateur line,

requires less than 2 watts of modulating power for a carrier output of 60 watts.
Because of the very low driving power requirements, even high power pen-

todes can be successfully operated as crystal oscillators, either as straight os-
cillators or in circuits such as the Tri-tet.

Pentodes have a disadvantage in that considerable power is wasted in the
screen and usually a separate power supply is required. However, in most in-
stances this power supply can also be used to supply the exciter stages and,
hence, does not particularly add to the original cost of a transmitter.

RK-23 RK-25 RK-25B
(See Next Column)

The RK-23, RK-25, and RK-25B -are low power pentodes. The RK-23 has a
2.5 volt heater; the RK-25 and the RK-25B have 6.3 volt heaters. The RK-25B
is identical with the RK-25 except for the base which is of bakelite and may be
used in applications where an isolantite base is not considered necessary.

These tubes are particularly suitable for use as crystal oscillators, frequency
doublers, or buffer amplifiers. The control grid to plate capacitance is so low
that neutralization is unnecessary in any amplifier application. These tubes also
offer the possibility of suppressor grid modulation either as final amplifiers or
as drivers for Class B linear stages. The output of a single tube, suppressor
grid modulated, is more than adequate to drive an RK-37 as a Class B linear
amplifier with a carrier output of 50 watts. At the low frequencies ( 1 .7 to
3.5 megacycles) one tube, suppressor modulated, can drive two RK-37'» as
Class B linear amplifiers with a carrier output of 100 watts.

RAYTHEON ENGINEERING SERVICE 7



RAYTHEON AMATEUR TUBES

RK-23 RK-25 RK-25B (Cont.) RK-28

Filament Heater Cathode
Plate Carbonized Nickel
Base—RK-23 and RK-25 Isolantite

Base—RK-25B Bakelite

Bulb Soft Class
Plate Dissipation lOwat-ts

CLASS C—TELEGRAPHY
SINGLE TUBE

RK-25
RK-23 RK-258

2.5 6.3
2.0 0.9

500

Er
Ir

E,.

E„
Er.
Er.;

In

lc 2

I'.

Ret

p7

En
Er,

E,. a

Ec3

lp

to;

Ir,

Rc,
Rc2
Po

RK-20A

The RK-20A is a medium power pen-
tode adaptable to many classes of serv-
ice and is an improved form of the RK-
20, the original amateur r-f power
pentode. Its pentode features make it

particularly applicable to multiband
transmitters where the number of tubes
and circuits must be kept to a mini-
mum.

Suppressor grid modulation may be
used and will give a carrier output of
21 watts with only 1 watt of audio in-

put. The small amount of audio equip-
ment required and the ease of adjust-
ment make modulation in this manner
particularly attractive.

The RK-20A may also be operated as
a high-power crystal oscillator without
overloading the crystal.

Filament Thoriated Tungsten
Plate Molybdenum
Base Isolantite
Bulb Hard Class
Plate Dissipation 40 watts

CLASS C—TELECRAPHY
SINGLE TUBE

Ef 7.5 volts
Ir 3.25 amp
Ep 1250 volts

En —100 volts
Ec 300 volts
Er 3 +45 volts
lp 92 ma
It, 11.5 ma
In 36 ma
Rri (approx. ) ... 10000 ohms
Po 84 watts

PUSH-PULL—TWO TUBES
E. 1250 volts

En —100 volts

E«, 300 volts

E c, +45 volts

lp 184 ma
le, 23 ma
In 72 ma
Rc, (approx.) ... 5000 ohms
P 168 watts

approx.)

PUSH-PULL-

( approx.)

—90
200
0
50
40
4
22000
7500
18

-TWO TUBES
500

—90
200
0
100
80
8
1 1000
3750
36

volts
amp
volts
volts
volts
volts
ma
ma
ma

ohms
ohms
watts

volts
volts
volts
volts
ma
ma
ma

ohms
ohms
watts

The RK-28 is one of the larg-

est pentodes available to the

amateur and has all the advan-

tages described for the RK-20A.

The tube may be operated satis-

factorily as a crystal oscillator

although great care must be ex-

ercised to keep the input and

output circuits well shielded

from each other.

With suppressor grid modula-

tion the carrier power output is

60 watts with 1 .2 watts audio

input. The power gain of this

tube is higher than that of the

RK-20A. This, of course, sug-

gests operation in multiband
transmitters. Neutralization is

not required in any application.

Filament ...Thoriated Tungsten

Plate Molybdenum

Base Isolantite

Bulb Hard Glass

Plate Dissipation . . . . 100 watts

CLASS C—TELECRAPHY

SINCLE TUBE

Er 10 volts

Ir 5 amp

Ep 2000 volts

Eci —100 volts

Ec 400 volts

Ec, +45 volts

lp 150 ma

lei 13 ma

lc S 55 ma

Ret (approx.)... 8000 ohms

Po 210 watts

PUSH-PULL—TWO TUBES

Ep 2000 volts

En —100 volts

Ec 2 400 volts

Er, +45 volts

l P 300 ma

In 26 ma

Icj 110 ma

Rci (approx.)... 4000 ohms

Po 420 watts

R-F POWER AMPLIFIERS—CONTINUED
ALICNED CRID TETRODES—BEAM TUBES The aligned grid tetrodes make

use of electron concentration to
obtain effects similar to those produced by the suppressor grid in a pentode.
The aligned grid feature results in a very high ratio of plate current to screen
current permitting a larger portion of the space current to be available for
the plate. In addition, reduced screen dissipation permits a slightly higher
maximum plate dissipation than in an equivalent pentode type. As a result
more power output and greater power gain are possible. Modulation by means
of the plate alone is practical at plate voltages approaching the maximum rated
value.

RK-49

(See Next Column)

The RK-49 is an aligned grid tetrode similar in characteristics to the 6L6G
but with a six pin isolantite base. The grid to plate capacitance of the RK-49
is 1.4 micromicrofarads, which in most amplifier applications makes neutraliza-
tion necessary. As a crystal oscillator, however, the grid to plate capacitance
contributes to the proper performance of the circuit and makes it unnecessary
to add external capacitance as often must be done with tubes having lower
interelectrode capacitances. The tube, therefore, is particularly adaptable to
crystal oscillator service, and to doubler circuits where neutralization is not re-
quired. It may be used as an amplifier where the neutralization requirement
is not considered objectionable.

The tube may be modulated by means of the plate alone or by means of the
screen grid.

RAYTHEON
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RAYTHEON AMATEUR TUBES

RK-49 (Cont.)

Filament Heater Cathode

Plate Carbonized Nickel

Base Isolantite

Bulb Soft Class

Plate Dissipation 21 watts

CLASS C—TELECRAPHY

Ep

Ec,

l»

I ci

RK-47

Po

E,.

E c ,

Ec2

i..

lo,

lc 2

Re,

Rc 2

Po

SINCLE TUBE

6.3 volts

0.9 amp
400 volts

-50 volts

250 volts

95 ma
3 ma
8 ma

(approx.) . . . 15000 ohms
(approx.) . .

.

20000 ohms
25 watts

PUSH-PULL—TWO TUBES

400 volts

-50 volts

250 volts

1 90 ma
6 ma
16 ma

lapprox.) ... 7500 ohms

(approx.) ... 10000 ohms
50 watts

RK-39 RK-41

The RK-39 and RK-41 are aligned grid tetrodes more suitable than the RK-49

for use as straight amplifiers. The plate lead is brought out the top of the bulb

and certain refinements added to reduce the interelecfrode capacitances to a

minimum. A higher plate voltage is permissible because of improved plate in-

sulation. Neutralization is unnecessary and the tube may be used as a straight

amplifier without this complication.

For straight crystal oscillator service, it is usually necessary to add 1 or 2

micromicrofarads of external grid to plate capacitance. This may take the

form of two pieces of insulated wire twisted together with about 2 twists, one

piece connected to the plate and the other to the grid.

Filament Heater Cathode

Plate Carbonized Nickel

Base Isolantite

Bulb Soft Class

Plate Dissipation 25 watts

CLASS C—TELECRAPHY
SINCLE TUBE

Ep

Ec,

Ecg

Ip

lei

R«,

Re;;

p.

(approx.)

(approx.)

Rci (approx.)

R«a (approx.)

P„

RK-39 RK-41

6.3 2.5 volts

0.9 2.4 amp
600 volts

-90 volts

300 volts

93 ma
3.0 ma
10 ma
30000 ohms
30000 ohms
36 watts

—TWO TUBES

600 volts

-90 volts

300 volts

186 ma
6 ma
20 ma
15000 ohms
15000 ohms
72 watts

ft

RAYTHK
IN

The RK-47 is an aligned grid or beam

type edition of the RK-20A and will

give more power output and has a

better power gain. The tube cannot, of

course, be suppressor grid modulated but

on the other hand, modulation by means

of the plate alone is permissible pro-

vided the excitation is adequate.

Because of the relatively high grid

to plate capacitance of the RK-47 the

operation of this tube as a crystal os-

cillator is not recommended.

Filament Thoriated Tungsten

Plate Molybdenum

Base Isolantite

Bulb Hard Class

Plate Dissipation 50 watts

CLASS C—TELECRAPHY

SINCLE TUBE

Er

If

E,.

E,-,

Ec.

1 1

Ii-i

I ct

R,., (approx. > . .

Pa

Ep

E.-i

E c-.,

Ip

I.-,

I

R.-i (approx.)

P„

10 volts

3.25 amp

1250 volts

-70 volts

300 volts

138 ma

7 ma

14 ma

10000 ohms

120 watts

WO TUBES

1250 volts

-70 volts

300 volts

276 ma

14 ma

28 ma

5000 ohms

240 watts

RAYTHEON ENGINEERING SERVICE 9



RAYTHEON AMATEUR TUBES

RK-48 RK-34 (Cont.)

vim
raYTHeon

The RK-48 is an aligned grid edi-

tion of the RK-28 and the power

output and power gain are some-

what better.

Plate modulation of this tube is

permissible under proper conditions.

Its use is not recommended as a

crystal oscillator. Two RK-48's in

push-pull will give 500 watts output

and the driving power may be sup-

plied by a crystal oscillator using

one RK-49. The plate voltage for

the RK-49 may be obtained from the

screen voltage supply for the RK-

48's.

Filament Thoriated Tungsten

Plate Molybdenum

Base Isolantite

Bulb Hard Class

Plate Dissipation 100 watts

CLASS C—TELECRAPHY

SINGLE TUBE

Et 10 volts

Ir 5 amp

E n 2000 volts

E-, —100 volts

E« 400 volts

I, 180 ma

I,, 8 ma

lr 2 27 ma

Ri-, (approx.l. 12500 ohms

P„ 250 watts

PUSH-PULL—TWO TUBES

Er 2000 volts

Ec, —100 volts

Ec, 400 volts

I,. 360 ma

lc, 16 ma

leu 54 ma

Re, lapprox.) . 6250 ohms

P„ 500 watts

ULTRA HIGH FREQUENCY TUBES

Tubes for use at the ultra high frequencies are characterized by low inter -

electrode capacitances and relatively short external paths between the grid and
the plate connections to permit the shortest possible leads to the external

circuit. The grid, plate and filament leads are widely separated to reduce the
leakage paths and are designed to avoid excessive seal temperatures due to

heavy lead charging currents.

RK-34
(See Next Column)

The RK-34 is a twin triode similar in characteristics to the type 6A6 but is

adaoted to push-pull ultra high freauency operation as it has an isolantite base
and the plate connections are brought out to two separate terminals at the top
of the bulb. This makes the tube particularly adaptable for use in tuned-grid,
tuned-plate oscillators using long lines in the grid and plate circuits. The op-
timum load impedance of the RK-34 is low which results in improved tank
circuit efficiency. The physical dimensions of the RK-34 are small enough to
permit efficient push-putl operation at 240 megacycles. The high frequency
limit is practically realized when the grid circuit is directly across the base pins
and approaches 300 megacycles depending on the circuit.

Filament Heater Cathode

Plate Carbonized Nickel

Base Isolantite

Bulb Soft Class

Plate Dissipation (per triode) 5 watts

Amplification Factor 13

PUSH-PULL OSCILLATOR

RAYTHEC

1PPI

E, 6.3 volts

It 0.8 amp

En volts

Ec, -36 volts

Ir.
ma

Ic, 18 ma

ohms

Po 14 watts

RK-30

The RK-30 is an excellent ul-

tra high frequency triode due to

its low interelectrode capaci-
tances and the position of the
grid and plate leads which are

brought out through the top of

the bulb. This feature permits
the use of extremely short con-
necting leads to an external in-

ductance and as a result the ul-

timate frequency of this tube
with the shortest circuit pos-
sible between the grid and plate

is in the vicinity of 300 mega-
cycles.

The tube may be safely oper-
ated at full rating up to 60
megacycles, at 120 megacycles it

may be operated at a plate volt-

age of 1000 volts; beyond 120
megacycles the plate voltage
should not exceed 750 volts.

Filament ...Thoriated Tungsten

Plate Molybdenum

Base Isolantite

Bulb Soft Class

Plate Dissipation 35 watts

Amplification Factor ... 1

5

CLASS C—TELECRAPHY

SINGLE TUBE
Er 7.5 volts

It 3.25 amp
Ep 1250 volts

Eci —180 volts

l p 90 ma
I,, 18 ma
Rci (approx.l... 10000 ohms

P„ 83 watts

PUSH-PULL—TWO TUBES
Ep 1250 volts

Ec, —180 volts

1 180 ma
Ic, 36 ma
Rc, (approx.l... 5000 ohms

Po 166 watts
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RK-32 RK-43

The RK-32 is specially de-

signed for ultra high frequency

operation. Interelectrode capac-

itances have been cut to a mini-

mum by use of a tantalum plate.

The plate and grid leads are

brought out together at the top

of the bulb to permit short leads

to external circuits. Full ratings

may be used up to 100 mega-
cycles. The plate voltage should

be reduced proportionately with

frequency to a plate voltage of

750 volts at 300 megacycles.

The high frequency limit of this

tube with the smallest possible

external circuit is approximately

400 megacycles.

Filament ...Thoriated Tungsten
Plate Tantalum
Base Isolantite

Bulb Hard Class

Plate Dissipation 50 watts

Amplification Factor ... 1

1

CLASS C—TELECRAPHY

SINGLE TUBE
Er 7.5 volts

Ir 3.25 amp
E„ 1250 volts

Ec —225 volts

1 1 100 ma
l.-i 14 ma
Re (approx.l... 16000 ohms
P 90 watts

PUSH-PULL—TWO TUBES
Ep 1250 volts

E„ --225 volts

l P 200 ma
28 ma

Ri'i lapprox.)... 8000 ohms
P.. 180 watts

ULTRA HIGH FREQUENCY TUBES FOR
PORTABLE EQUIPMENT

Tubes of this type are designed with especially efficient emitters to reduce
filament batteries to a minimum. They must also be of rugged construction
to withstand the shocks that are sure to be part of such service.

RK-42

The RK-42 is a triode which will find application
where small, light-weight equipment is required. Its
filament requirement is the lowest of any Raytheon
tube and may be operated from a 1.5 volt flashlight
cell. Although a bakelite base is used, the operating
temperature of the base is so low that little loss from
this source is encountered.

The tube is primarily designed for receiving purposes
but it can be successfully used in very low power
transmitters. Its frequency range extends to 120
megacycles.

Filament Oxide Coated
Plate Nickel
Base Bakelite
Bulb Soft Class
Plate Dissipation 0.7 watt
Amplification Factor 8

CLASS C—TELECRAPHY
SINGLE TUBE

Er 1.5 volts
Ir 0.06 amp
E 135 volts
En -30 volts
1 1 7 ma
1. 1 1.8 ma
R.

,
i approx.l 14000 ohms

p 0.6 watts

PUSH-PULL—TWO TUBES
E 135 volts
E.i -30 volts
1 14 ma
'I 3 ma
R'i < approx.l 7000 ohms
P 1.2 watts

The RK-43 is a twin triode which can be success-

fully used as an ultra high frequency push-pull oscil-

lator in small, light-weight equipment. The filament

voltage of this tube is 1.5 volts for operation from a

single dry cell or flashlight battery. It can also be

used as a combined super regenerative detector and

a-f amplifier in small receivers. It has found particu-

lar favor as an oscillator for balloon weather equip-

ment because of its light weight and low power re-

quirements.

Filament Oxide Coated

Plate Nickel

Base Bakelite

Bulb Soft Class

Plate Dissipation (per triodei . . . .0.5 watt

Amplification Factor 13

PUSH-PULL OSCILLATOR
E,

Ir

Ep

E.i

I,.

I.i

R.,

P„

lapprox.)

1.5 volts

0.12 amp
135 volts

20 volts

14 ma
3 ma
7000 ohms
1.2 watts

RK-24

The RK-24 is an improved type 30 for use in

ultra high frequency transmitters and transceivers
It has an isolantite base to reduce high frequency
losses and a larger filament to permit higher space
currents and hence greater output than the type
30. It may be operated satisfactorily at the maxi-
mum ratings at 60 and 120 megacycles.

Filament Oxide Coated
Plate Nickel
Base Isolantite
Bulb Soft Class
Plate Dissipation 1 watt
Amplification Factor 8

CLASS C—TELECRAPHY

Er
Ir

E,.

E„
li.

I,,

R<-i

P.,

1 approx. I

SINGLE TUBE
2.0
0.12
1 80

-45
16.5
6.0
7500
2

volts
amp
volts
volts
ma
ma

ohms
watts

PUSH-PULL—TWO TUBES
E,. 180 volts
E., - 45 volts

33 ma
1,., 12 ma
R.., (approx.l 3750 ohms
P., 4 watts

CLASS B AUDIO TUBES
Tubes for Class B audio service are usually very high-mu triodes to reduce

the driving power requirement. If possible, they should operate at zero bias
to eliminate the need for a bias supply, Usually, it is necessary to effect a
compromise between high-current, low- volt age tubes for low load impedances
and high -volt age, low -current tubes for good plate circuit efficiency.

RK-12

i See Illustration under R-F Power Amplifiers—-Triode Section*

As Class B audio amplifiers two RK- 1 2's are capable of modulating 200
watts of input to a Class C stage. The tubes operate at zero bias which elimi-
nates the complications of a bias supply and minimizes driving power. The
load resistance required is low which insures against low frequency attenuation
in the output transformer. The use of RK-12's in Class B results in a very
economical 1 00-watt amplifier.

POWER AMPLIFIER—CLASS B

PUSH-PULL—TWO TUBES

Filament Thoriated Tungsten A

Plate Carbonized Nickel
E,.

Base

Bulb Soft Class J,.

Plate Dissipation 25 watls
P.i

Amplification Factor (approx.l
80

Ri

P..

IP to Pi .

750 volts

0 volts

200 ma
65 ma
3.4 watts

9600 ohms
100 watts

RAYTHEON ENGINEERING SERVICE
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RK-52

(See Illustration under R-F Power Amplifiers—Triode Section)

Two RK-52's are capable of modulating a Class C amplifier with 500 watts
input. They operate at zero bias and have extremely low load resistance re-
quirements. A modulator using two RK-52's is ideal for plate modulating two
RK-48's in push-pull at the rated conditions.

866A

Thoriated Tungsten A-

Plate

Base Isolantlte
Ep

E,,

Bulb Ip

Plate Dissipation 60 watts
P.i

Amplification Factor (approx.)
150

Ri.

Po

POWER AMPLIFIER-

PUSH-PULL-

CLASS

TWO TUBES
1250
0

300

IP to P) .

180

7.5

10000

250

volts

volts

ma
ma

watts

ohms
watts

RK-31

ISee Illustration under R-F Power Amplifiers—Triode Section)

The RK-31 is a double grid Class B tube capable of modulating 320 watts of

input to a Class C amplifier. The double grid feature gives these tubes an un-
usually high power gain by reducing the driving power required.

PUSH-PULL—TWO TUBES

, Thoriated Tungsten A-

Plate
Er

Ec,

Bulb Soft Class Ip

Plate Dissipation 40 watts
I.-,

Ri.

Amplification Factor (approx.) P.i

75 Pu

(P to P)

.

1000

0
220
76
10000

3.7

160

1250 volts

0 volts

230 ma
65 ma
18000 ohms
4.4 watts

1 90 watts

RK-37 RK-38

(See Illustrations under R-F Power Amplifiers—Triode Section)

Although the RK-37 and RK-38 are primarily intended for radio frequency
applications they may be successfully used as Class B modulators.

Two RK-37's will modulate 400 watts of input to a Class C amplifier while
two RK-38's will modulate 660 watts and supply the highest Class B power
output of any tubes in the Raytheon Amateur Line. The power gain of the
RK-38 is unusually high for a tube of this general type.

Er 2.5 volts

If 5 amp

FULL-WAVE RECTIFIER
—TWO TUBES

MAXIMUM RATING

Choke Condenser
Input Input

E.r (RMS) . . . 3535 3535 volts

E.ic 3180 3950 volts

Idc 500 250 ma

RK-37

Filament Thoriated Tungsten

Plate Tantalum

Base Isolantite

Bulb Hard Class

Plate Dissipation 50 watts

Amplification Factor 30

A-F POWER AMPLIFIER—CLASS B

PUSH-PULL—TWO TUBES
Ep 1250 volts

E,, —35 volts

Ip 235 ma
le, 60 ma
Ri. (P to P) . . . . 18000 ohms
P,i 7.2 watts

P„ 200 watts

RK-38

Filament Thoriated Tungsten

Plate Tantalum

Base Isolantite

Bulb Hard Class

Plate Dissipation 100 watts

Amplification Factor 30

A-F POWER AMPLIFIER—CLASS B

PUSH-PULL—TWO TUBES
E,, 2000 volts

Er, —52 volts

Ip 265 ma
In 39 ma
Ri. (P to P) . . . . 16000 ohms
P,i 5.8 watts

P„ 330 watts

MERCURY VAPOR RECTIFIERS

Rectifier tubes may be divided into two classes, those with a gas filling

(usually mercury vapor) and high vacuum types. The mercury vapor tubes
operate with a voltage drop of about 15 volts while that of the high vacuum
types averages about 25 volts. The spacing between plate and cathode in the
high vacuum types is smaller than in the mercury vapor types, hence they
cannot be expected to withstand as high peak inverse voltages as the mercury
vapor types. On the other hand, the high vacuum types operate without gen-
erating the radio frequency interference that the mercury vapor types some-
times produce. In addition, the high vacuum rectifiers are not affected by
temperature variations.

Er

Ir

866

2.5

5

volts

amp

FULL-WAVE RECTIFIER

—TWO TUBES

MAXIMUM RAT INC

E« r (RMS)

Etic

I

Choke Condenser
Input Input

2650 2650 volts

2385 3000 volts

500 250 ma

866 866A 872A

(See Next Column)

The 866, 866A and 872A are half-wave mercury vapor rectifier tubes for

use in d-c power supplies. The 866 will not stand the maximum peak inverse
voltage of the 866A but will deliver the same d-c output current. The maxi-
mum peak inverse voltage of the 872A is the same as that of the 866A but the
872A will deliver considerably more d-c output current.
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RK-19

Er 7.5 volts

If 2.5 amp

FULL-WAVE RECTIFIER
—ONE TUBE

MAXIMUM RATING

Condemcr
Input

E. c 'RMS) (per plate) 1250 volts

lac 150 ma

»72A HIGH VACUUM RECTIFIERS

RK-19 RK-21 RK-22

The RK-19, RK-21 and RK-22 are high vacuum rectifier tubes for use in d-c
power supplies delivering approximately 1000 volts d.c. Each of these tubes
has a low internal voltage drop approaching that of mercury vapor type tubes
and does not generate r-f noise.

The RK-19 and RK-22 are heater type full-wave rectifier tubes with 7.5 volt
and 2.5 volt heaters respectively.

The RK-21 is a half-wave rectifier tube with a 2.5 volt heater and is equiva-
lent to one diode of an RK-22.

RAYTHEON ENGINEERING SERVICE 13
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TUBE MANUFACTURE
Fundamentally there are three main steps in the manufacture of tubes,

mechanical fabrication and assembly of the parts, preliminary cleaning and de-
gassing of the parts, exhausting and other processing of the assembled tube.

PARTS PREPARATION The first assembled part of the radio tube is the glass

stem upon which the tube elements are later to be
supported. A short length of large diameter glass tubing first has one end flared

out for subsequent sealing to the neck of the bulb. Then the straight end of

this tube is placed over the metal supports and lead wires and over a smaller

glass tube through which the gases will be later pumped out of the bulb.

Gas flames are applied to the straight end of the glass stem and when the

glass becomes soft and molten, it is pressed tightly around the wires, making
a vacuum tight seal. At the same time the exhaust tube is sealed in so that

the gases in the bulb can be later pumped out through it.

Molybdenum, nickel, tantalum and tungsten are formed into the familiar tube
parts, plates, shields, supporting wires, etc. as a second operation. The grids

are made by winding molybdenum or tantalum wire around a form and then
electrically welding each wire securely to the heavy grid support leads. After

these parts have been completed they are inspected for size, shape, uniformity

and appearance and are surface cleaned by dipping in a series of solvents and
chemicals to remove the oils and surface films. Next the parts are furnace
treated m a hydrogen atmosphere or in a vacuum. They are held at an incan-

descent temperature for sufficient time to drive off the gases which have been
present in the metal since its manufacture and when removed from the furnace

they are both spotless and gas free. The insulators such as mica, lava and mag-
nesia are inspected for mechanical imperfections and then heat treated at 'the

required temperature to remove a maximum of gas without altering the com-
position of the material.

ASSEMBLY The final assembly upon the glass stem of the grid, plate, filament,

spacers and insulators is known as the "mount assembly*'. Trained

operators spot-weld together the various tube elements by holding the parts

between the jaws of a pressure type electric welder. Perfect alignment of each
part is assured by the use of jigs and fixtures that hold the parts in the proper

relation and keep them from moving while the weld is being made. The parts

are never touched by the fingers during these operations and every effort is

made to prevent moisture, oil or dust from contaminating the metal surfaces.

A last careful inspection of the mount is made, it is slid inside the glass

envelope and placed on the sealing machine. Cas and oxygen flames are ap-

plied to the neck of the bulb while the bulb and mount are rotating together.

The bulb neck becomes molten and shrinks into contact with the flared end
of the glass stem of the mount assembly and as the two melt together the

bulb neck is cut off and the seal worked to insure a good joint. After a slow
annealing and cooling, the tube for the first time presents an almost finished

appearance, all its internal parts are in place inside the glass bulb, the only

remaining opening being the small bore of the exhaust tube.

EXHAUST The exhaust process is the series of treatments during which the
tube is pumped free of air, the inner parts given a final heat treat-

ment and degassing and the tube permanently sealed air tight. During the

process every possible molecule of gas is driven from the metal parts, the in-

sulators, the glass stem and the bulb by subjecting them for long periods to as

high temperatures as the parts will stand. When the exhaust is complete the

tube is gas free and will continue to be gas free even though overloads cause
the plate and grids to reach relatively high temperatures.

A typical exhaust apparatus for amateur high vacuum tubes includes a motor
driven, oil immersed, vacuum pump, a mercury vapor pump, liquid air impurity

traps, a power supply capable of delivering filament, grid and plate potentials

at any desired voltage and current and a large radio frequency generator or

"bombarder". The tube to be exhausted has its exhaust tube heated and sealed

onto the glass manifold connected to the mercury vapor pump. After a check
to insure that all connections throughout the glass system are vacuum tight

the pumps are started and the air is soon removed from the tube.

The filament is now carbonized and activated in order that it may be ready
to supply an abundance of electrons for the exhaust process to follow. Initially

the filament is made up of pure tungsten wire within which a small percentage
of thorium oxide has been compounded. In order to give this wire the emitting

properties of thoriated tungsten, the filament is flashed at a very high tem-
perature <2500°C> for a short time, then lighted in an atmosphere of hydro-
carbon gas such as acetylene, pyrofax or coal gas. Carbon from the hydrocarbon
gas is absorbed by the tungsten wire and helps to reduce the thorium oxide to

metallic thorium. This thorium diffuses between the tungsten crystals to the
surface of the wire and becomes the active emitting area with an emissivity

about 1000 times that of pure tungsten wire The gas is pumped out and the
filament is lighted at approximately 1700°C long enough for a state of equilib-

rium to be reached.

Next, the tube is enclosed in an oven and baked at just below the tempera-
ture at which the glass walls of the tube would soften and collapse. The vac-
uum pumps operate steadily during the bulb baking, removing the gases freed

from the glass walls of the bulb. Now the oven is removed and the process of

heat treating the metal parts begins. A coil made of copper tubing and approxi-
mately the size of a 40 meter tank inductance is next slid up around the center
of the tube. This coil is part of the tank circuit of a 3 kilowatt oscillator and
through tt circulates an r-f current of the order of a hundred amperes. The
metal parts in this intense r-f field heat red. yellow and then white hot. At
first the tube is blue with the occluded gas driven from the metal by the
high temperature and ionized by the strong r-f field. Soon, however, this gas
is drawn off by the vacuum pumps and after sufficient treatment the gas pres-
sure is reduced to a very low value. The r-f coil is then removed and the tube
filament ts lighted and the grids and plate are connected to high voltage power
supplies. The operator, wearing black glasses to protect his eyes from the glare

of the white hot tube and standing behind a safety glass screen, slowly raises

the voltage on each element. A faint blue cloud of ionized gas may again
be seen when the temperature exceeds that of the r-f heat treatment. This
gas is pumped away and the temperature raised until finally at the highest
temperatures no sign of gas is present. With the parts at this incandescent
temperature the tube is cooked for some time with the pumps operating to
withdraw the last traces of gas liberated from the innermost parts of the metal
and from the bulb wall. Finally the process is completed and the voltages
removed.

If the tube contains a getter pellet, the r-f coil is slid into position to heat
the getter container. At a red heat the barium or other chemically active metal
in the getter vaporizes and condenses on the bulb wall. A large proportion of
the few remaining gas molecules in the tube combine with the getter and are
held in inactive form. This getter deposit will remain active indefinitely and
as gas molecules from the grid and plate metals or the glass or insulator sur-
faces free themselves slowly during tube operation, they will be caught by the
remaining active getter. A small, sharp pointed flame is next applied to the
small exhaust tube and as the glass at this point is melted the completed radio
tube is pulled away from the manifold and sealed off vacuum tight.

The base and the metal caps for the tube are filled with a special cement
and the lead wires threaded into the correct base prongs. The base and cap
cement is hardened and baked into place in a small baking oven. The lead

wires are next cut and soldered carefully to the base pins and the top cap.

SEASONING AND TESTINC The tube is not yet completely ready for service

The filament has been lighted at overvoltage dur-

ing the element heating process and in the presence of some gas. In order to

assure full electron emission, every part of the filament must be clean and
active and so, as the next treatment, the filament activation and stabilizing

is performed. During the stabilizing or "aging" process the filament is operated
first at an abnormally high temperature to clean the surface and to accelerate

the diffusion of thorium to the surface and then for a considerable length of

time at normal temperature until a state of equilibrium in the filament is

achieved with the surface of the filament fully coated with active thorium.

Mechanical and electrical inspections are the last operations. Tubes are

checked by skilled operators for length, appearance, loose particles, and me-
chanical imperfections. The filament is lighted and the alignment of the grids

and other structure is checked. A tube which passes the mechanical test is

next due for a complete electrical performance test. If the tube is intended for

r-f service, it is set up at rated voltages in a Class C amplifier test set. The
input, output, element currents, driving power and plate dissipation are noted.
A check is made for gas, interelement leakage and emission. Each of these
tests is made to a predetermined set of limits. Tubes that fail to pass these
limits are set aside and scrapped. Unless a tube passes every requirement the
bulb is broken up, the more valuable metal parts are salvaged and the remainder
is junked.

TUBE ELEMENTS
A radio tube, or vacuum tube, is a vacuum device in which electric current

flows as a stream of electrons through the evacuated space from one electrode

to another. A HIGH VACUUM TUBE is one in which the degree of vacuum is

so high that the characteristics of the tube are not affected by gas ionization.

Most radio transmitting tubes are of this class. A GAS TUBE is one which has

a gas filling, usually at relatively low pressure, and in which gas ionization is

essential to the normal operation of the tube. Types 866 and 872A are

examples of this class.

CATHODE The cathode is the electrode which supplies the electrons necessary
for the operation of the tube. In general the cathode must be

heated to obtain sufficient emission of electrons. A FILAMENTARY CATHODE
is in the form of a wire or ribbon through which heating current flows and is

sometimes called a "directly heated" cathode. In most transmitting tubes and
particularly in high power tubes, the cathode is a filament of thoriated tungsten
and is normally operated at a tempe/ature of approximately 1700° Centigrade.
The RK-20A and RK-36 are typical examples of the use of thoriated tungsten
filament. A few transmitting tubes, such as the RK-24, RK-42 and RK-43
utilize what are known as oxide coated filaments. The cathode in these types
consists of a ribbon or wire coated with the oxides of barium and strontium
and is operated at relatively low temperatures, normally between 600° and
800° Centigrade. Tubes like the RK-23, RK-25 and RK-39 use a uni-potential
or indirectly heated cathode consisting of a metal sleeve, usually nickel, which
encloses an insulated filament or heater through which the heating current
flows. The cathode sleeve is coated with oxides of barium and strontium and
is operated at temperatures between 600° and 800° Centigrade.

PLATE The plate, or anode, is the electron collector element of a tube and is

normally the one to which the nain portion of the electron stream
flows. It is usually in the form of a cylinder of thin metal and may be circu-
lar, oval or rectangular in cross-section. Several different plate materials are

in general use in transmitting tubes and each has its own peculiar advantages.
This subject of transmitting tube plates is more completely covered under
"Tube Materials'*. Tubes like the RK-20A, RK-18. RK-31, etc. have sandblasted
molybdenum Dlates. The RK-10, RK-11 and RK-39 have carbonized nickel

plates. The RK-51 and 52 use carbon or graphite plates while the plates of tubes
like the RK-32, RK-36, etc. are of tantalum.

CR ID A grid is an auxiliary electrode placed between the cathode and the
plate and is of such form that the electron stream can flow through

it'. It usually consists of a spiral of wire fastened at each turn to one or more,
usually two, longitudinal support wires. In cross-section, the outline of a grid

may be circular, oval or rectangular. Grids supported at only one end, such
as are used in the larger tubes of the RK-36. RK-37 class, use a cage construc-
tion that greatly increases the strength of the grid and is effective in reducing
grid vibration. The grids in a mult i- grid tube are commonly referred to by
numbers indicating their position radially with respect to the cathode, number
1 grid being adjacent to the cathode. A CONTROL GRID, or input grid, is one
to which an input signal voltage is applied and which modulates the main
electron stream in accor 'ance with the input signal. A SCREEN GRID is an
auxiliary grid placed between the control grid and the plate and operated at a
positive d-c voltage with respect to the cathode. Besides accelerating the
electrons toward the plate, a screen grid acts as an electrostatic shield and re-
duces the capacity between the plate and the control grid. A SUPPRESSOR
GRID is a grid placed between the screen grid and the plate and connected
to a point of low d-c potential to prevent the passage of low velocity sec-
ondary electrons originating either at the plate or at the screen grid. In some
types it is connected internally to the cathode and in others it is connected to
a separate base pin.

The term ALIGNED GRID refers to a pair of adjacent grids having the same
number of turns per inch and placed so that each turn of one grid lies in the
same horizontal plane with the corresponding turn of the ad\acent grid. The
grids usually aligned are the control grid and the screen grid in some tetrode
and pentode power amplifier tubes. This arrangement causes the electrons to
flow in flat beams between successive turns of the aligned grids. Since the
screen grid wires are out of the direct path of the electrons, fewer electrons
reach the screen grid and the screen grid current is lower than that of similar
tubes without aligned grids. This permits more efficient utilization of the total
space current since much of the current that was formerly collected by the
screen grid is now available for the plate.
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This improvement in characteristics results from the effect of the suppressor
grid, lt3 grid, which prevents the passage of secondary electrons between the
plate and the screen grid. The plate current curves are flatter than those of
corresponding types of tetrodes except beam power tubes, hence the plate re-

sistance and amplification factor are correspondingly higher. Pentodes may be
used for the same service as tetrodes and have the advantages of even lower
grid to plate capacitance and of high amplification factor and plate resistance.
In addition, since the plate current curves are smooth over a wide range of
plate voltage, pentodes can be operated as power amplifiers at large amplitudes
of a-c voltage and current.

In low frequency amplifiers the successive stages may be transformer coupled
or resistance coupled. Transformer coupling is generally used with low-mu
triodes and resistance coupling with high-mu triodes, tetrodes or pentodes.
Fig. B3 shows a typical resistance coupled a-f amplifier stage using a triode and
Fig. B4 shows a resistance coupled a-f pentode stage.

An amplifier stage may use one tube or two tubes connected in parallel or in

push-pull. In a PUSH-PULL AMPLIFIER stage the two tubes are connected in

TYPICAL PUSH-PULL POWER AMPLIFIER -CLASS f)B2

TYPICAL HALF WAVE RECTIFIER
CIRCUIT

TUBE APPLICATION AND CIRCUITS
RECTIFIERS In the application of rectifier tubes care should be taken that

the published maximum ratings are not exceeded. Rectifier tubes
are rated for MAXIMUM A C PLATE VOLTAGE, the maximum rms value of
a c voltage that should be applied to the plate of the tube and for MAXIMUM
D-C OUTPUT CURRENT, the highest value of d-c plate current, averaged over
one a-c cycle, at which the tube should be operated. They are also rated for
MAXIMUM PEAK PLATE CURRENT, the maximum instantaneous peak value of
plate current that should be permitted to flow through the tube and for
MAXIMUM INVERSE PEAK VOLTAGE which is the maximum instantaneous
peak value of plate voltage that should be applied to the tube during the
half-cycle when the plate is nega-
tive and the tube is not conduct-
ing current. The VOLTAGE DROP
is the d-c plate voltage corre-
sponding to some specified value
of d-c plate current, usually equal
to the maximum d-c output cur-
rent per plate.

A typical half-wave rectifier cir-

cuit is shown in Fig. Bl and a typ-
ical full -wave rectifier circuit in

Fig. B2. A condenser input filter

ts shown in each circuit. If C,
were omitted the filter would be a

choke input filter. With condenser
input the d-c output voltage will

be higher and the regulation over
the working range poorer than
with choke input. Increasing the
capacity of C, will increase the d-c
output voltage but will also in-

crease the peak plate current.
Some filter circuits employ two
chokes in series, as shown in Fig.

B2 to further reduce the hum
voltage.

FIG. 61

42'3 OP 6P60i
pen topes

FIG. B5

such a way that the two grid circuits are effectively in series and the two plate
circuits likewise. Equal signal voltages 180° out of phase are applied to the
two grids by a center-tapped transformer or by a phase inverter circuit. The
a-c plate currents and voltages are combined in the output circuit to give ap-
proximately twice the power output obtainable from a single tube operating
under the same conditions and the second and other even order harmonics can-
cel out. Fig. B5 shows a typical push-pull power amplifier stage transformer
coupled to a driver stage. Transformer coupling is used where power is sup-
plied to the push-pull grids as in Class AB or Class B operation. Either trans-
former or phase inverter input may be used where the output stage requires
no appreciable driving power.

A PHASE INVERTER circuit is shown in Fig. 86. The signal voltage for triode

R is obtained from the tap, P, on the resistor, R K , in the

TYPICAL FULL WAVE RECTIFIER CIRCUIT

TO OUTPUT
L, STRGE

TO OTHER
TUBES

FIG. BZ

TW/n TRIOPE PHRSE I/i VERTEl?

FIG. B6

AMPLIFIERS Vacuum tubes operate as amplifiers in several ways. Although
the fundamental principle of the amplifier remains unchanged,

the results obtained and their applications are quite different. In general, am-
plifiers may be divided into two groups. The first group consists of low fre-

quency power or voltage amplifiers and high frequency voltage amplifiers. The
second group consists of radio frequency power amplifiers. The operation of

the first group is characterized by relatively low efficiencies and low distor-

tion, while the second group operates at very high efficiencies and high distor-

tion. Amplifiers of the tow frequency, low distortion type will be first con-
sidered.

TYPICAL RESISTANCE COUPLED A-F AMPLIFIER CIRCUITS

TRIODE PENTODE

FIG. B3 FIGB4

output circuit of the other triode. This tap should be adjusted so that the
signal voltage applied to triode R is equal to the input signal on the grid of

triode L. For example, if the voltage gain of triode L is 25, the tap, P, should

be adjusted to supply 1 /25 of the voltage across R K to the grid of triode R.

CLASS A AMPLIFIERS Amplifier stages are classified with respect to the
tube operating conditions and the relation between the

grid bias and the maximum normal value of a-c signal voltage, v/hich determine
the fraction of the a-c cycle during which the plate current flows. In a

CLASS A amplifier stage, the plate current flows during the complete a-c cycle,

the grid bias usually being fixed at approximately one-half of the cutoff bias,

the grid bias necessary to reduce the plate current to practically zero. Ordi-
narily the maximum normal peak value of the a-c signal voltage is approximately
equal to the grid bias and no grid current flows during any portion of the
cycle, although this is not a necessary condition for CLASS A operation. The
subscript 1 , as in Class A,, is sometimes used to indicate that no grid current
flows during any part of the input cycle.

Fig. B7 shows the section of the plate current vs. plate voltage family of a

triode operated as a CLASS A amplifier. THE LOAD LINE represents the rela-

tion between the instantaneous values of grid voltage, plate voltage and plate

current during a cycle. Its slope is numerically equal to the reciprocal of the

effective a-c impedance in the external plate circuit. Since this impedance is

chiefly resistive, it is commonly referred to as the LOAD RESISTANCE, Ri..

The operating point. 0, indicates the static values of plate voltage, E„, and
current, l„, with no signal. The load line terminates at plate current curves
corresponding to the maximum and minimum instantaneous values of grid volt-

age at full rated signal, the swing in grid voltage being the same in either direc-

tion from the operating point, 0. The difference between the plate voltage at

the operating point and that at either end of the load line equals approximately
the peak value of the a-c output voltage developed across the load resistance.

The rms value of the a-c output voltage will be 0.707 times the peak voltage

obtained from the curves. The power output may then be calculated approxi-

mately from the relation:
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<Ekms)« 0.707 (E„i«-E«M 0.707 »Eo-E«.i,,)»
Power Output — ~ - (BID

Rl Rr. Rl

A more accurate formula which includes both halves of the cycle is:

I Em.*—Emu) ( I ma— I m I n ) (Bill)
Power Output

The values of Emax, Emu. Imux
and Imin are read from the curves
as shown in Fig. B7. If the values
of Etimx and Em in are expressed in

volts, the values of I max and Imin
should be expressed in amperes to
give the power output in watts.

The second harmonic distortion,
expressed in percent, may be cal-
culated from the formula:

2nd Harmonic =

I in * k ~t~ Imin
\o

I....X - I..

X 100 (BIV)

I., is the value of d-c plate cur-
rent at the operating point and is

read from the curves. All the
values of current in equation (BIV)
should be expressed in the same
units, milliamperes or amperes.
Fig. B8 shows typical variations of
power output, plate current and
harmonic distortion with signal in-

put voltage for a triode operated
as a Class A amplifier. The power
output varies approximately as the
square of the input voltage and
the distortion is low and is chiefly
second harmonic.

The PLATE EFFICIENCY is the
percentage ratio of the power out-
put to the product of the average
d-c plate voltage and d-c plate
current at full signal.

Plate Eff. (%)
Pa

E„ ip

X 100 (BV)

In a Class A triode amplifier the
plate efficiency is relatively low,
15% to 25%.

The POWER SENSITIVITY is the
ratio of the power output to the
square of the input signal voltage,

Em-

power Sensitivity —
(Eg) 2

(BVD

The method of calculating the
approximate power output and
distortion for a pentode or a tet-

rode, operated as a Class A ampli-
fier, is similar to that for triodes.

Fig. B9 shows a family of plate
characteristic curves for a typical

pentode Class A amplifier. The
power output may be calculated
approximately from the formula:

Power Output
[•-

8
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the value at which the second harmonic is a minimum. In some cases, the
load resistance is adjusted for a lower value of third harmonic and the second
harmonic is balanced out by using two tubes in push-pull or by introducing a
balancing amount of second harmonic in a preceding stage. Beam power tubes
are frequently operated with lower values of load resistance than are pentodes
to reduce the odd harmonic distortion. A Ctass A pentode amplifier generally
has higher plate efficiency, 35% to 45%, and higher power sensitivity than a
Class A Triode. The distortion is also generally higher and consists mostly of
third and higher odd order harmonics.

CLASS B AMPLIFIERS In a Class B a-f amplifier stage two tubes or the two
sections of a twin tube are used in a push-pull circuit.

The grid bias is fixed at approximately the cutoff value and plate current flows
in each plate circuit on alternate half-cycles of signal voltage when the grid
is positive. Since the grid of a Class B tube is swinging positive during a con-
siderable portion of the cycle, grid current usually flows for part of the cycle.
This grid voltage and current represent power which must be supplied by the
preceding tube called the DRIVER TUBE. The power output of the driver tube
is often the limiting factor in determining the power output of a Class B stage.
Since the average plate current of a Class B stage varies considerably with sig-

nal voltage, the plate voltage supply should have good regulation to prevent
excessive decrease in d-c plate voltage and limitation of output as the signal
voltage is raised.

Fig. B12 shows the section of the plate current vs. plate voltage family of
a triode used as a Class B amplifier. In Class B operation the plate current of
one tube is practically cut off during each alternate half-cycle and contributes
very little to the power output. The power output from the two tubes may be
calculated approximately from the plate family of one tube and is equal to
the sum of the power outputs represented by the extensions of the load line
on either side of the operating point, 0.

Power Output :

<EU - „) ( III -M (£«,.« — Eo) Do-

I

— 4-
,u>

50 100 150

PLRTE VOL TflGE - VOL T5

FIG. 12
S10MRL - RMS VOLTStMD TOGPIO)

FIG. 13

32

The values are read from the curves at the points indicated in Fig. B9. The
values of lx and ly are determined by the intersections of the load line with

plate current curves corresponding to grid biases of 0.293 Eto and 1 .707

Ejo respectively, where Eto, is the value of the grid bias at the operating

point, 0.

The second harmonic distortion, expressed in percent, may be calculated from
the formula:

2nd Harmonic
I in a x -f- 1 in I n — 2 lo

X 100 (BVIII)
!,».« — 1.41 (1,-1,1

The third harmonic distortion, in percent, is given by the formula:

!„,.. - l...i„— 1.41 (I, — l r

3rd Harmonic
!,...« — 1.41 ( lx — ly)

X 100

Fig. B10 shows the variation of power output, plate current, screen current
and distortion with signal input voltage and Fig. Bll shows the variation of

the same quantities with load resistance for a typical pentode Class A ampli-
fier. A pentode is normally operated with a load resistance of approximately

Since the plate current of one
tube is practically cut off during
each alternate half-cycle, formula
(BX> may be reduced to a fur-
ther approximation.

(Eo — E.nln) Im.x
Power Output —

2
(BXI)

The actual power output is

somewhat higher than that shown
by these relations because of the
effects of the third and other odd
harmonics. Fig. B13 shows typical

variations of power output, plate
current and distortion with signal

input voltage for a Ctass 8 a-f am-
plifier. The distortion is chiefly

third and other odd harmonics.
The plate efficiency, 50% to

65%, and the power sensitivity at

full power output are both rela-

tively high.

100 200 300 400

PLATE VOLTAGE- VOL 73

FIG. 14
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CLASS AB AMPLIFIERS A Class AB amplifier stage is one which operates
under conditions intermediate between Class A and

Class 8. The grid bias is fixed at a value between that for Class A operation

and cutoff and plate current flows in each plate circuit for less than one com-
plete cycle but for more than one half-cycle of the signal voltage. If the

normal maximum peak value of the signal voltage does not exceed the grid

bias and no grid current flows during any part of the input cycle, the amplifier
may be designated as Class AB,. If grid current flows during any portion of the
input cycle the amplifier may be designated as Class AB a . Fig. B14 shows the
section of the plate current vs. plate voltage family of a triode used as a Class

ABj amplifier. The power output from the two tubes may be computed ap-
proximately from the plate family of one tube in the same manner as for

Class B operation. The characteristics of power output, plate current, plate effi-

ciency and plate current fluctuations with signal and driving power are inter-

mediate between those of Class A and Class B operation. Power output pentodes
or tetrodes may be used as Class 8 or Class AB amplifiers, and the approximate
power output may be computed from the plate current vs, plate voltage curves
in the same way as in the case of triodes.

CLASS B R-F AMPLIFIERS Class B R-F Amplifiers are closely allied with
Class B audio amplifiers. Class B R-F Amplifiers

are used to amplify an already modulated wave. Since such a wave is modu-
lated up to twice its carrier value and down to zero. Class B R-F Amplifiers
must be capable of reproducing this wave in the plate circuit, which in turn
requires that the grid of the Class B stage be biased at cutoff or slightly less

than cutoff for the plate voltage used. For Class B R-F operation but one tube
is required since the symmetry of the modulated wave is restored by the
presence of the tuned tank load.

CLASS C AMPLIFIERS R-F power amplifiers are usually operated as Class C
amplifiers. The designation, Class C, is intended to

describe an amplifier which is operated in such a manner that plate current is

completely cut off over a large part of the cycle. The grid bias must, therefore,
be larger than the cutoff value for the plate voltage used. The presence of
harmonics in the plate circuit is largely ironed out by the use of a tuned load or

tank circuit. The phase relations are such that plate current flows only when
the plate voltage is relatively low resulting in high plate efficiency. The cal-
culation and operating practice with regard to Class C amplifiers is discussed
more completely under "Grid Driving Power and the Exciter" and "Output
Impedance and L/C Ratio".

TYPICAL SPEECH AMPLIFIER AND
DRIVER FOR CLASS B MODULATORS

i cmn
,

cm)
JLC6 ±c6 Lc7—X I "~

F/G. PI

Depends on characteristics of
microphone

1200 ohms 1/3 watt
0.5 megohm 1/3 watt
20000 ohms 1/3 watt
1 megohm 1 /3 watt
0.5 megohm variable
6000 ohms 1 /3 watt
0.1 megohm 1/3 watt
0.25 megohm variable
3000 ohms 1/3 watt
0.25 megohm t/3 watt
12000 ohms 1 /3 watt

R,, 780 ohms 10 watts
Ci 0.05 microfarad paper

25 mfd. 50 volt electrolytic
8 mfd. 400 volt electrolytic
0.00004 microfarad mica
0.005 microfarad mica
8 mfd. 600 volt electrolytic

R,

R,
R»
R.
R»
R«
R,
R.
R.
Rio
R.i
R, 2

C,
C»
C.

Q
C,

T,

4 mfd. 600 volt electrolytic
30 H 200 ohms 100 ma. choke
Microphone input transformer
Power Transformer
350 volts—0—350 volts— 100 ma.
2.5 volts 8 amp. 5 volts 3 amp.

or
6.3 volts 4 amp.
Output Transformer
2A3 or 6A3 plates to Class B
grids or to 500 ohm line

Modulator
Tubts

RK-12
RK-52
RK-31
RK-38
RK-37

Turns
Ratio Prl.

to See.

1.4:1
1.4:1

1.4:1

1 :1.4

1 :1

The amplifier circuit shown in Fig. Dl is an inexpensive and an effective one
for use as a speech amplifier or as a driver for Class B modulator tubes. The
power output of the amplifier is 10 watts which is more than ample to drive
the grids of any of the Raytheon Class B modulator tubes. If the amplifier is

intended for use with a double button carbon microphone the 57 stage may
be eliminated and the carbon microphone fed directly through its coupling trans-
former to the 56 grid.

The output transformer may be the one indicated or one to match the 2A3
plates to a 500 ohm line or to a dynamic speaker if the amplifier is to be used
for power amplifier work.

If 6.3 volt tubes are desired they may be used as indicated.

The full power output of the amplifier is considerably more than is necessary
to drive two RK-12 grids. The amplifier in this case may either be run at

very reduced gain or the 2A3's may be replaced with lower power triodes such
at type 45's.

GRID DRIVING POWER AND THE EXCITER
The question of grid driving power has long been important to the active

amateur. For example, suppose that an RK-30 output stage is to be replaced
by one using an RK-37. The RK-30 has been operating at the typical operating
conditions as given in the data sheet, that is, a plate voltage of 1250 volts, a

plate current of 90 milliamperes and a power output of approximately 85 watts.
The grid driving power required was 5 watts. The RK-37 may be used at a

plate voltage of 1500 volts and from the Class C data, will deliver an output of

105 watts with the same driving power as the RK-30. On this basis, the orig-

inal exciter used for the RK-30 might be considered adequate to drive the
RK-37. Suppose, however, that the grid coupling device and the exciter circuit

were just able to supply the necessary driving power to the RK-30. If an at-

tempt is made to drive the RK-37 with the same coupling device and exciter,

it may be found that the grid current of the RK-37 is Tow and the tube is

delivering very little power output. Perhaps the grid of the RK-30 had been
supplied originally from a heavily loaded crystal oscillator, which now refuses to
oscillate at all. If the grid of the RK-37 is tapped down on the oscillator tank
coil or the coupling system is changed, the RK-37 can be made to drive readily.

It seems that there is another factor that should be considered when grid driv-

ing power and the exciter are discussed and this factor is the grid impedance.
It is the magnitude of the grid impedance that determines, for a given power
input, the r-f voltage that must be applied to the amplifier grid, which in turn
determines the coupling to the exciter.

THEORY OF CRID DRIVING POWER In Fig. Fl some r-f voltage has been
applied to the grid of a Class C ampli-

fier tube. This voltage contains only a small harmonic content since it is being
supplied from a tuned tank circuit that has almost completely ironed out the
harmonics that were present in the plate current of the driver tube. The grid
of the amplifier tube will draw current only when the instantaneous voltage
of the grid is positive with respect to the cathode. Since the peak r-f voltage
supolied is 125 volts and the bias is —100 volts the grid will draw current only
as long as the r-f voltage is greater than 100 volts, but over a very large part
of the cycle the grid current will be zero. Therefore, the grid current will flow
in very short pulses near the positive peaks of the applied r-f voltage. Over
each cycle of the exciting voltage these grid current pulses can be shown to
consist of a d-c component, a fundamental component, and harmonic compo-
nents, as shown in Fig. F2. If the shape of the grid current vs. grid voltage
curve is known, the values of any of these components can be calculated.
Furthermore, if the grid current is assumed to be operating over a known curve,
the relative values of the grid current components are fixed and if one com-
ponent can be measured the rest can be found by simple proportion. Fortu-
nately, the d-c component is easily measured for it is the current that is read
on a d-c mtlliameter in the grid circuit. The value of the fundamental com-
ponent with respect to the d-c component varies with the law over which the
grid current operates and with the length of the current pulse. The length of
the current pulse can be obtained from Fig. F3 or Fig. F4, knowing the peak r-f

INSTRNTRNEWS
GRID
CURRErtT

~h5o

FIG. Fl

mstrmtrneous
grip current

FIG. FZ

3RD HRRMOtllC

1-In, 5th, 6 TH•— Nth HftPMONICS

18 RAYTHEON HNG I M EE NG SFRVICE



RAYTHEON AMATEUR TUBES

PERK R-F GPID VOLTRGE lE^.f)

25

10

h
H

10

as

0
4

conswrtT k- ifum / i„.c «
fWGLE OF CURRENT FLOW

IF. i - fle
J/*

0 10 80 100 IZO 140 160 11

HrtGlf OF CURRENT FLOW (S) - DEGREES

FIG. F3 FIG. F4

grid voltage and the bias voltage. Then referring to Fig. F4 or Fig F5. the
ratio of the fundamental component to the d-c component can be determined
and the fundamental component calculated. Having the fundamental current,

a simple electrical law can be used, which says that only current and voltage
of the same frequency can produce any average power. The harmonics, there-

fore, may be neglected and the average driving power is:

Av. Driving Powers (RMS Fund. R-F Grid Volt.) I RMS Fund. R-F Grid Current*)
(Fl)

^Resistive component, i.e., the component in phase with the r-f voltage.

In terms of the peak voltage and peak current, which are usually known, the
power is:

(Peak Fund. R-F Grid Volt.) (Peak Fund. R-F Grid Current)
Av. Driving Power z=.

2
(FID

Since the peak fundamental grid current may be found in terms of the d-c
grid current

:

(Peak Fund. R-F Grid Voltage) (D-C Grid CurrentJK
Av. Driving Power —

where.
(Fill)

Fundamental R-F Grid Current

D-C Grid Current

It will be noticed from Fig. F5 that the constant, K, does not vary rapidly with
the angle of flow and, for the usual angles of grid current flow in a transmitter,
K is about 1.8, or K/2 is equal to 0.9. For all practical purposes then the grid
driving power is

:

(FIV)
Av. Driving Power = (Peak R-F Grid Volt.) (D-C Grid Current) 0.9

EFFECT OF CRID CURRENT CURVE
Furthermore, although the grid

has been assumed to operate over
a 3/2 power law, if the operation
is actually over a linear or a square
law curve, the results are not ma-
terially changed. The maximum
error occurs for operating angles in

the vicinity of 100°. At this

point the driving power for the
square law case is about 3%
greater than that for the assumed
3/2 power case. For the linear
case it is about 4% less.

s
PE6REES

lire

K
2

0 180 1.64 0.82
0.1 168 1.67 0.84
o.z 157 1.69 0.85

0.3 145 1.74 0.87

0.4 133 1.78 0.89

0.5 l?0 1.82 0.91

0.6 I0S 1.83 0.92

0.7 91 1.85 0.93

0.8 73 1.92 0.96

0.9 51 1.94 0.97
1.0 0 2.00 1.00

F/3. FS

BATTERY AS COMPARED TO
RESISTOR BIAS
The grid driving power calculated
on this basis is the total power in-

put to the grid circuit of the tube.
This power is divided between that
actually lost in the grid of the tube
and that used up in the bias device. It makes no difference whether the bias
is supplied from a battery or an equivalent resistor. The power in one case is

used in charging the bias battery and in the other case in the l"R loss of the
resistor.

CRID CHARCINC CURRENT In addition to the in-phase component of cur-
rent that drives the grid, there is a charging

current flowing through the grid to ground capacity of the tube. This com-
ponent is 90° out of phase with the driving voltage and at frequencies lower
than 14 megacycles it usually represents negligible r-f power. Above 14 mega-
cycles, however, this current becomes very large and since the r-f resistance of
the grid leads rises rapidly with frequency, the charging current flowing through
the lead resistance results in a power loss that must also be supplied by the
exciter. The magnitude of this power loss is not easily calculable as it is a
function of factors that are not readily obtainable and that vary radically with
different tube types. At 56 megacycles and higher frequencies this power may
well be the determining factor in the driving power of a tube. This subject is

discussed more fully under "Ultra High Frequency Operation".

MEASUREMENT OF PEAK
R-F CRID V0LTACE
The only factor not readily known
is the peak r-f grid voltage. This
can be found by the use of a
simple diode voltmeter, the circuit

of which is shown in Fig. F6. In

operation the voltmeter is con-
nected between the grid and fila-

ment of the transmitting tube and
the d-c voltage adjusted by means
of potentiometer, P, until the
meter, M, just starts to read. The
d-c voltmeter, V, then records the
peak value of the r-f grid voltage.
For extreme accuracy M shquld be
a sensitive microammeter. Actu-
ally a 0-1 milliammeter or a 1000
ohms/volt, low range voltmeter is

satisfactory. The values of E, P
and V depend on the magnitude of
the peak voltages to be measured.

PEAK VOLTMETER CIRCUIT

FIG. F6

CALCULATION OF DRIVING POWER The power input for the RK-30 and
RK-37 will now be calculated as an ex-

ample. From the data sheets or measurements:
RK-30 RK-37

Peak R-F Grid Voltage 320 volts 248 volts
D-C Grid Current 18 ma 22.4 ma

Av. Driving Power (RK-301 = 0.9 X 320 X 0.018 = 5.2 watts
Av. Driving Power (RK-37) — 0.9 X 248 X 0.0224 = 5.0 watts

CRID IMPEDANCE The second factor that must be considered is the grid im-
pedance. Over most of the cycle the grid impedance is

infinite since the grid draws no current, but over the part of the cycle that
current flows the impedance is relatively low. The grid impedance that will be
expressed is an average impedance and represents the impedance the grid would
have if its impedance were constant over the whole cycle and consumed the
same average power as the varying impedance.

The average impedance can be calculated since the average input power and
voltage are known.

( RMS Fund. Grid Voltage) 2

Av. Driving Power — (FV)

and the
Average Grid Impedance

(RMS Fund. Grid Voltage) 2

Av. Grid Impedance — (FVI)
Av. Driving Power

or, in terms of the peak r-f grid voltage:

0.5 (Peak R-F Grid Voltage) 2

Av. Grid Impedance = (FVI 1

1

Av. Driving Power
Assuming the constant used to evaluate the input power is 0.9, an approxi-

mate expression for the grid impedance is:

0.56 (Peak R-F Grid Voltage)
Grid Impedance —

D-C Grid Current

The average grid impedance of the RK-30 and RK-37 is:

0.56 X 320
RK-30: — = 10000 ohms

IFVIIII

RK-37:

0.018

0.56 X 248

0.0224
= 6200 ohms

RAYTHEON AMATEUR TUBES
DRIVING POWER & APPROXIMATE CRID IMPEDANCE

CLASS C—TELEGRAPHY

Type
D-C Crid Peak R-F D-C Crid Driving Approx. Crid

Milliamperes Crid Volts Volts Watts Imp.—Ohms
RK-10 15 235 — 100 3.2 9000
RK-1 1 21 170 -120 3.2 4500
RK-12 33 65 0 1.9 1000
RK-18 12 255 — 160 2.8 12000
RK-20A 1 1.5 155 -100 1.6 7500
RK-23 4 135 -90 0.5 19000
RK-28 13 170 -100 2.0 7500
RK-30 18 320 —180 5.2 10000
RK-31 38 70 0 2.2 1000
RK-32 14 380 - 225 4.8 15000
RK-34 10 70 —36 0.6 4000
RK-35 15 375 -250 5.0 14000
RK-36 30 560 -360 15 10000
RK-37 30 260 — 130 7 5000
RK-38 30 375 —200 10 7000
RK-39 3 117 —90 0.3 22000
RK-47 7 160 —70 1.0 13000
RK-48 6.5 170 — 100 1.0 15000
RK-49 3 80 -50 0.2 15000
RK-51 31 365 -250 10 6500
RK-52 50 90 0 4 1000

FIG. F7
MATCHINC THE AMPLIFIER CRID TO THE EXCITER PLATE Returning to

the RK-30 vs
RK-37 problem, as first stated, the exciter that was capable of supplying 5
watts to the 10,000 ohm load of the RK-30 could not supply 5 watts to the
RK-37 grid which represented an average load of only 6200 ohms and the RK-37
was accordingly under excited. To drive the RK-37, it is necessary in this case
to tap downward on the exciter tank. The point to tap the tank is the point
where the load of the RK-37 grid will reflect into the plate circuit of the
driver tube the optimum load for the driver. If the RK-37 grid is tapped di-
rectly onto the end of the tank coil of the driver, the driver plate load will
be 6200 ohms, if the grid of the RK-37 is tapped halfway down on the tank
coil and the coefficient of coupling between the coil sections above and below
the tap is unity, the load reflected into the plate will be 4 X 6200 — 24800
ohms. The point of tapping can be calculated but it is much easier to obtain
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it by experiment. The idea is to have the exciter always working into its op-
timum load; in other words, matching its output impedance to the input im-
pedance of the amplifier.

LOW MU VS. HIGH MU TUBES In an accompanying table, Fig. F7, is listed

the grid driving power and grid impedance
of Raytheon Amateur tubes. It will be noticed that the higher mu tubes like

the RK-37 and RK-38 have lower grid impedances than the low mu tubes. If

the high mu tube is set at the minimum bias to give reasonable plate efficiency
and the low mu tube is set at double cutoff, the driving power required by the
I ich mu tube is considerably less than that required by the low mu tube.
However, the bias on the low mu tube can usually be reduced to values that
permit power gains as great as those realized with the high mu tube without
serious reduction in plate efficiency. This applies to the tube .itself. When the
driver is also considered th« grid impedance of the high mu tube more nearly
matcHrs the output impedance of the driver and the high mu tube appears to
dnve easier than the low mu tube.

Pentodes and tetrodes, of course, require little driving power and give greater
power gain than other types. This is due to their low bias and grid current re-
qun ements.

HICH EFFICIENCY—HICH BIAS OPERATION It should be borne in mind that
the table of grid impedances

and grid driving powers applies only to tubes operating under the specified
grid voltage and current conditions. For instance, if the grid bias voltage and
grid excitation voltage are increased and the grid current kept constant as it is

in high ef ticiency ("California Kilowatt

"

) operation, the grid impedance and
grid driving power both increase markedly. For example, an RK-38 operated
m this manner shows the following values:

D-C O-C Peak Av. Av.
Grid Grid R-F Driving Grid
Volts Ma. Volts Power Ohms
—200 30 330 9 6000
—400 30 530 15.1 10300
-600 30 740 21.3 14500

The grid impedance of low mu tubes like the RK-35 and RK-36 which is al-
ready htgh at double cutoff, the usual operating point, will rise to extremely
high values under high bias operation.

ZERO BIAS OPERATION Tubes designed for zero bias Class B operation, such
as the RK-12, RK-52 and RK-31, can be success-

fully operated at somewhat reduced plate efficiency as r-f power amplifiers at
zero bias for telegraphy. Since no bias device is required the driving power is

only that necessary to supply the losses in the control grid. Since these are
usually quite small, tubes operated in this fashion give excellent power gains.
The grids of tubes operated at zero bias present a very low impedance load to
the driver and, if the power gain of such tubes is to be taken advantage of,
some method must be used to match the grid of these tubes to the driver,
especially if the driver requires a high impedance load.

CAPACITY COUPLINC If the data on output impedance in Fig. C7 is ex-
will be seen that in most cases it is im-

fl-CftPQClTY COUPLING
PRIVER TUBE

B- LINK COUPLING
PRIVER TUBE

C-L0W IMPEDANCE
CAPACITY COUPLING

amined. tt

possible to get an exact impedance
match between the input of the
amplifier and the output of the
driver by coupling the grid of the
exciter and the plate of the driver
directly together as is done with
the usual capacity coupling. How-
ever, if the excitation is more than
adequate and considerable power
can be lost due to impedance mis-
match, capacity coupling, Fig. F8A
can be used. It is cheap, easily put
together, requires little space, and
will actually deliver more power to
the output grid if the impedance
match is almost right than other
forms using an impedance match-
ing network. If the impedance of
the grid is lower than the driver
impedance the grid can be tapped
down on the amplifier coil. Quite
often, however, this method re-
sults in the generation of para-
sitics.

LINK COUPLINC Link coupling,
Fig. F8B, on

the other hand has the ability, due
to high leakage reactances to more
nearly match input and output im-
pedances. Power is lost in the
second tuned circuit and link

coupling can never be as efficient

as capacity coupling if the grid

impedance of the amplifier is

equal to the output impedance of
the driver. However, if the output
impedance of the driver is radically
different from the grid impedance
of the amplifier, link coupling
should be used and will effect a
larger power transfer than capacity
coupling, even though there are
losses in the coupling circuits. It is

most essential when the grid driv-

ing power is large and the grid im-
pedance is high such as encount-
ered in the before mentioned high bias operation. Link coupling, of course,

possesses the advantage that the driver and the exciter can be at a considerable
distance from each other without materially affecting the results. The imped-
ance match can be improved by varying the relative number of turns on the end
of the link or by changing the L/C ratio of the tuned circuit in the grid. If

the driver tube is to work into a high impedance fewer turns should be used
on the grid end of the link than on the plate end, conversely if the driver is to
work into a low impedance more turns should be used on the grid end of the
link. If matching is into a high impedance grid, a low C grid tank can be used
but if the matching is into a low impedance grid, a high C tank is required.
Besides the usual magnetic coupling, low impedance capacity coupling, Fig. 8C
can be used,

PARALLELED AND PUSH-PULL OUTPUT STACES In a paralleled output
stage the driving voltage is

the same and the grid current is double that of a single tube so that the grid

impedance is one-half that for a single tube and the driving power is doubled.
For push-pull tubes the grid to grid voltage required is doubled and the power
is doubled so that the grid to grid impedance also doubles.

DRIVER TUBE TO ftMPL.QRID

C, ABOUT 10 TIMES Ct

FIG. F8

OUTPUT IMPEDANCE AND L/C RATIO
The output tank circuit of a transmitter may be considered as a circuit that

is maintained in oscillation by pulses of energy supplied to it at its own natural
frequency by the d-c power supply. The energy pulses are supplied through the
medium of the output tube which acts as a sort of timing relay. Energy taken
from the power supply must first be stored in the tank circuit before it can be
delivered to the antenna in the form of useful power. The performance of a
given transmitter, therefore, is tied irrevocably to the performance of the tank
and a well designed tank circuit will play an important part in obtaining maxi-
mum effectiveness from the power that is available.

CIRCUIT COMPONENTS A tank circuit is made up of capacitance, inductance
and resistance. The resonant frequency of this com-

bination is given by:

f _ frequency— cycles per sec. 1

L :~ inductance—henries f — — (CD
C = capacitance—farads 2jt vLC

Thus, for any value of inductance there is a value of capacitance that theo-
retically will tune the circuit to resonance. The resistance that is present in such
a circuit arises from two sources. First, the resistance of the circuit and the
associated wiring and second, the resistance transferred into the circuit by an-
tenna loading. The inherent resistance of the circuit is desired as small as
possible, since the power lost in heating the tank circuit is not available for
radiation. The transferred resistance constitutes the useful loading of the tank.

EFFECT OF L/C RATIO ON TANK IMPEDANCE An unloaded tank circuit,

shown in Fig. CIA will be
considered in an effort to deduce methods by which the effective resistance of
the tank can be reduced. It would seem first of all that it should be desirable
to make the resistance as small as possible. This would be true for a fixed L/C
ratio. However, the L/C ratio can be varied to advantage. The impedance of
a resonant circuit with a certain series resistance, R„, can be shown to be equiva-
lent to a perfect resonant circuit with zero resistance, paralleled by an im-
pedance, as shown in Fig, GIB, which is resistive and is equal to:

I2HU !

2- (CIU
Rn

This impedance is the tube load presented by the unloaded tank circuit and
for minimum tank loss should be made as high as possible. By inspection it

may be seen that Z increases directly as the inductance squared and inversely
as the series resistance of the tuned circuit. If it is assumed that most of the
circuit resistance is contained in the coil, the impedance of the tuned circuit
will be improved by increasing the inductance since in almost every case the
inductance squared will increase faster than the series resistance. The con-
denser used with the original coil

must, of course, be reduced in

value to restore the combination
to resonance at the original fre-

quency. On this basis the L/C
ratio should be made as large as

possible.

UrILORPEP TRNK CIRCUIT
FIND EQUIVRLENT CIQCUIT

EQUIVALENT TO A

WHE/IZl*

FIG. Gl

VARIATION OF TANK IM-
PEDANCE WITH FREQUENCY
The minimum plate current of a
Class C stage is an excellent indi-

cation of the unloaded impedance
of the output circuit. The mini-
mum plate current increases with
frequency and one is often led to
believe that the tube is operating
less efficiently at the higher fre-

quencies. The fault lies almost in-

variably in the design of the tank
circuit, usually because too small
an inductance is being used and
because of increasing resistance
losses in the tank circuit. At 1.75
megacycles, for instance, the par-
allel impedance of an unloaded
tank may be as high as 100,000
ohms but the impedance drops
rapidly with frequency, until at 56
megacycles, the unloaded tank im-
pedance is often almost the entire

load on the tube. Practically all

the power is consumed in the tank
circuit and little power is available

for the antenna and the minimum
plate current is high. If an im-
pedance of 100,000 ohms were
available at this frequency, the
minimum plate current would be
the same as the minimum at 1.75
megacycles, assuming no other
losses such as might be introduced
by electron transit time in the
tube. Tuned circuits of the "Derby
Hat" variety will give high im-
pedances and correspondingly low
minimum plate currents at the
ultra-high frequencies.

HARMONIC RADIATION On the basis of the foregoing, it would seem that

the desirable tank circuit is one in which the tuning

capacitance has been decreased to the absolute minimum. However, too tow

a tank capacitance will result in circuit instability and increased harmonic radia-

tion. Fig. C2 shows the impedance presented by a 3.5 megacycle tank circuit to

harmonics as the capacitance is changed. A high capacitance is obviously de-

sirable for low harmonic impedance so that a compromise must be effected be-

tween this and the low capacitance needed for a high efficiency tank.

The ratio of the harmonic volt-

age to the fundamental volt-

age across a tank can be shown to be a function of the Q of the tank circuit

if the ratio of the fundamental component of plate current to the harmonic
component is fixed. Q is a measure of the quality of an inductance, capac-
itance, or tuned circuit and is expressed as the ratio of the inductive or capac-

itive reactance to the resistance. For an inductance:

2irfL

100 tOO 300
TRNK CAPACITY -yUyUf.

FIG. G2

QUALITY FACTOR OR Q OF TANK CIRCUIT

Q = -

For a capacitance:

Q =-

(CHI)

(CIVI
2irfC Rr
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For a tuned circuit:
2rrfL 1

TANK CAPACITANCE—„„f

(CV)
Rl+Rc 2irfC (Rl+Rc)

In a tuned circuit for frequencies lower than 7 megacycles the r-f resistance

of the condenser is usually quite small as compared to the resistance of the coil

so that the Q is practically determined by the resistance of the coil.

27TfL 1

Q — = (CVI)
Ri. 2?rfC Rl

However, for higher frequencies the r-f resistance of the condenser may
become the determining factor.

Q OF A LOADED TANK The Q of the tank circuit is highest when unloaded.
Loading the tank by transferring a resistance from

the antenna lowers the Q. For instance, the Q of a 3.5 megacycle tank circuit

may be 80 when unloaded but will fall to 10 or 15 when loaded. A value of Q
for the loaded tank circuit that is a compromise between circuit efficiency and
harmonic output is about 12. This value is the Q of the tank circuit itself. If

the tube circuit as a whole is considered the output impedance of the tube
shunts the tank circuit and, if it is further assumed that the load impedance
matches the tube plate impedance, the Q of the entire circuit, for a tank circuit

Q of 12, is only 6. The Q of the tank circuit itself determines the efficiency of

the tank. The Q of the tank circuit shunted by the output impedance of the

tube determines the harmonic radiation.

CALCULATION OF CAPACITANCE FOR CIVEN TANK CIRCUIT Q

necessary to give a tank circuit Q of 1 2 can be easily calculated.

(27rfD 2

Zl =
R

Zi, ~ Equivalent
Load Resistance—ohms

R =: Circuit Resistance—ohms
f Frequency—cycles/sec
L = Inductance—henries
C = Capacitance—farads

= 2rrfLQ

Since at resonance:

2irfL =

Zi. =

C =-

2irfC

Q

27rfC

Q

2rrfZL

The ca-
pacitance

(CVI I)

ICVIII)

(CIX)

(CX)

If Q is assumed to be 12 and the frequency of operation is known and if

Zi. can be found, the minimum permissible capacitance can be calculated. The
power developed across Zi. is the power output of the tube.

where:
ev ~ Peak a-c voltage across Zi., volts

ip = Peak a-c current through Zl, amperes

The power input is:

where

:

Ep = D-C plate voltage—volts
lp = D-C plate current—amperes

P.. 0.5eP i P

The plate efficiency is: n = =
Pi

P„

Pi

ep ip

2

E„ In

The peak a-c plate voltage is: e,, =

EP Ip

2n Ep Ip

= 2n Ep-

(CXI

I

(CXI I)

(CXI II

)

(CXIV)

where: K= -

Ip

Since the efficiency of the usual output stage is about 70% and the ratio

of the d-c plate current to the fundamental component for various angles of

plate current flow can be found from the curve in Fig. F4 the voltage eP can be
calculated.

The power output is: Po = l pE Pn (CXV)

This power is developed across Zi.:

and

10.707 e„>*

Zr.

(e„)-
P„

2 Zl

lep) 2

L =
2 P„

<eP >2

Zi. :

2 IpEpn

Substituting (CXIV) in (CXIX) and the result in (CX) :

Q (K2
) l P Q(K2

)

4irfn Ep 4rfn Rb

where Rb = apparent d-c resistance of 1 E,, 1 l„
the output stage as pre- \ — and, =
sented to the power supply J l p Rh Ep

K = 1.82

(CXVI)

(CXVII)

(CXVIII)

(CXIX)

(CXX)

For an average operating angle of 120°
For:

$ = ]

2
ez

n = 70%
f — frequency in megacycles

4520000

f Rb
(CXXI)

EFFECT OF OUTPUT CIRCUIT ON TANK CAPACITANCE lg for
(CXXI ) a chart

of tank capacitances for the various frequency bands for varying input re-
sistances is given in Fig. C3. These capacitance values have been developed on
the basis of a single ended amplifier where the entire output tank is included
between the plate and cathode of the output tube. For amplifiers where this
condition does not exist the value of capacitance must be modified. For a fixed
Q, the capacitance will vary inversely as the load impedance. Thus, referring
to Fig. C3 and assuming that the tube is loaded to the same d-c plate current
at the same d-c plate voltage in each single ended circuit and that two similar
tubes are used in the push-pull circuit and that the two tubes are loaded to
twice the current of the single ended circuit, the capacitance value in each
case can be determined with reference to the single ended case where the entire
tank circuit is included between the plate and cathode. For a grid neutralized
amplifier and for a plate neutralized amplifier with an untapped tank, the
capacitance required is the same as for the reference circuit.

Ru =

OHMS
TANK CIRCUIT Q— 1

2

EFFICIENCY=70%

1.7S MC. BAND 3.5 MC. BAND 7.0 MC. BAND
A B C A B C A B C

2000 1291 646 323 646 323 162 323 162 81

4000 646 323 162 323 162 81 1 62 81 41

6000 43 1 216 108 2 1

6

108 54 1 us 54 27
8000 323 162 81 1 62 81 41 8

1

41 21

1 0000 268 134 67 1 34 67 34 67 34 17

1 2000 2 1 6 108 54 1 08 54 27 27 14

1 4000 1 85 93 47 93 47 24 47 24 12

1 6000 1 oz 81 41 8

1

41 21 4

1

21 1

1

1 8000 1 43 72 36 72 36 18 36 18 9

14 MC. BAND 28 MC. BAND 56 MC. BAND
A B C A B C A B C

2000 162 81 41 81 41 21 41 21 1 1

4000 81 41 21 41 21 1 1 21 1 1 6
6000 54 27 14 27 14 7 14 7 4
8000 41 21 1 1 21 1 1 6 1 1 6 3

10000 34 17 9 17 9 5 9 5 3
12000 27 14 7 14 7 4 7 4 2
14000 24 12 6 12 6 3 6 3 2
16000 21 1 1 5 1 1 5 3 5 3 2
18000 8 4 2 4 2 1 2 1 0.5

USE COLUMN "A FOR:
1. SINCLE TUBE—NOT NEUTRALIZED—CIRCUIT 1

2. SINCLE TUBE—CRID NEUTRALIZED—CIRCUIT 2
3. SINCLE TUBE—PLATE NEUTRALIZED—CIRCUIT 3

USE COLUMN "B" FOR:
1. SINCLE TUBE—PLATE NEUTRALIZED, TAP 1/3 FROM LOW

END—CIRCUIT 5
2. SINCLE TUBE—PLATE NEUTRALI ZED—SPLIT STATOR CON-

DENSER, PER SECTION—CIRCUIT 4
3. PUSH-PULL—SPLIT STATOR CONDENSER, PER SECTION—CIR-

CUIT 6

USE COLUMN "C" FOR:
1. PUSH-PULL—CONDENSER NOT SPLIT
2. SINCLE TUBE—PLATE N E U T R A L I Z ED—CENTER-TAPPED

TANK COIL—CIRCUIT 5

5000 10000

D-C PLRTE VOLTflGE(VOLTS) _

P-C PLRTE CUlWErlT(f)MP )

soooo

Rt (OHMS)
FIG.63

6^- ^ *h
rworusEs/vs/tfvu
SPLirsrftTOKCoriD.
use Vic rwMCutves
nesccnoti. conocn-
SES NOTmiT.USE lftVFROMcunts

For push-pull output, whether the tank is split or not, the load impedance
is two times as great so that the total capacitance must be reduced to 1 /2 the
reference value. The capacitance per section is therefore the same as the total
capacitance for a single ended grid neutralized stage of the same input power.
However, the push-pull stage will have twice the power input and half the Rb
of the single ended stage and if the capacitance is calculated using the Rb of
the push-pull stage, the result must be again divided by 2.

For a single-ended plate neutralized amplifier, with a center-tapped tank
coil, the load is quadrupled, therefore the total capacitance is I /4 and the
capacitance per section is 1/2 the total capacitance for the reference case. If
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INSULATED COPPER WIRE TABLE

Sii«
BfrS
Cage

Outside
Dia.
mils.

ENAMEL WIRE

Turns
per

linear in.

Pounds
per

1000 ft.

SINCLE—SILK COVERED

Outside
Dia.
mils.

Turns
per

linear in.

Pounds
per

1000 ft.

DOUBLE—SILK COVERED

Outside
Dia.
mils.

Turns
per

linear in.

Pounds
per

1000 ft.

9

10

1

1

12

130.6

1 16.5

104.0

92.7

82.8

7.7

8.6

9.6

10.8

12.1

50.6

40.2

31.8

25.3

20.1

13

14

15

16

17

74.0

66.1

59.1

52.8

47.0

13.5

15.1

16.9

18.9

21.3

15.90

12.60

10.00

7.930

6.275

52.8

47.3

18.9

21.1

7.89

6.26

54.6

49.1

18.3

20.4

8.00

6.32

18

19

20
22

24

42.1

37.7

33.7

26.9

21.5

23.8

26.5

29.7

37.2

46.5

4.980

3.955

3.135

1.970

1.245

42.4

37.9

34.0

27.3

22.1

23.6

26.4

29.4

36.6

45.3

4.97

3.94

3.13

1 .98

1.25

44.1

39.7

35.8

29.1

23.9

22.7

25.2

28.0

34.4

41.8

5.02

3.99

3.17

2.01

1.27

26

28

30
32

34

17.1

13.6

10.9

8.7

6.9

58.5

73.5

91.7

115

145

0.785

0.494

0.31

1

0.196

0.123

17.9

14.6

12.0

9.9

8.3

55.9

68.5

83.3

101

121

0.791

0.498

0.316

0.210

0.129

19.7

16.4

13.8

1 1.8

10.1

50.8

61.0

72.5

84.8

99.0

0.810

0.514

0.333

0.217

0.141

36

38

40

5.5

4.4

3.5

180

227

286

0.078

0.049

0.031

7.0

6.0

5.1

143

167

196

FIG. G6

0.082

0.053

0.035

8.8

7.8

6.9

114

128

145

0.092

0.062

0.043

VALUE OF K IN FORMULA (CXXII)
Diameter Diameter Diameter

to K to K to K
Length Length Length
0.00 1 .0000 2.00 0.5255 7.00 0.2584
.05 3791 2.10 .5137 7.20 .2637
.10 .9588 2.20 .5025 7.40 .2491
.15 .9391 2.30 .4918 7.60 .2448
.20 .9201 2.40 .4816 7.80 .2406

0.25 0.9016 2.50 0.4719 8.00 0.2366
.30 .8838 2.60 .4626 8.50 .2272
.35 .8665 2.70 .4537 9.00 .2185
.40 .8499 2.80 .4452 9.50 .2106
.45 .8337 2.90 .4370 10.00 .2033

0.50 0.8181 3.00 0.4292 10.0 0.2033
.55 .8031 3.10 .4217 1 1.0 .1903
.60 .7885 3.20 .4145 12.0 .1790
.65 .7745 3.30 .4075 13.0 .1692
.70 .7609 3.40 .4008 14.0 .1605

0.75 0.7478 3.50 0.3944 15.0 0.1527
.80 .7351 3.60 .3882 16.0 .1457
.85 .7228 3.70 .3822 17.0 .1394
.90 .71 10 3.80 .3764 18.0 .1336
.95 .6995 3.90 .3708 19.0 .1284

1.00 0.6884 4.00 0.3654 20.0 0.1236
1.05 .6777 4.10 .3602 22.0 .1151
1.10 .6673 4.20 .3551 24.0 .1078
1.15 .6573 4.30 .3502 26.0 .1015
1.20 .6475 4.40 .3455 28.0 .0959

1.25 0.6381 4.50 0.3409 30.0 0.0910
1.30 .6290 4.60 .3364 35.0 .0808
1.35 .6201 4.70 .3321 40.0 .0728
1.40 .6115 4.80 .3279 45.0 .0664
1.45 .6031 4.90 .3238 50.0 .061

1

1.50 0.5950 5.00 0.3198 60.0 0.0528
1.55 .5871 5.20 .3122 70.0 .0467
1.60 .5795 5.40 .3050 80.0 .0419
1.65 .5721 5.60 .2981 90.0 .0381
1.70 .5649 5.80 .2916 100.0 .0350

1 75 0.5579 6.00 0.2854
1.80 .5511 6.20 .2795
1 85 .5444 6.40 .2739
1 .90 .5379 6.60 .2685
1.95 .5316 6.80 .2633

FIG.G5

SINGLE LAYER SOLENOID WITH FORMFRCTOP-1.0

FIG. G8

LOAD IMPEDANCE OF RAYTHEON AMATEUR TUBES
CLASS C—TELEGRAPHY

One Tube Rb= One Tube Push-Pull

Type
D-C Plate Load Imp. Load Imp.
Volts= EP

D-C Plate Ep
Ohms

—

Ohms

—

Ma.= lp lp P to K P to P

RK-10 450 65 6930 2770 5540
RK-1 1 750 105 7140 2850 5700
RK-12 750 105 7140 2850 5700
RK-18 1250 100 12500 5000 10000
RK-20A 1250 92 13600 5440 10900
RK-23 500 50 10000 4000 8000
RK-28 2000 150 13300 5300 10600
RK-30 1250 90 13900 5550 1 1 100
RK-31 1250 100 12500 5000 10000
RK-32 1250 100 12500 5000 10000
RK-34 300 40 7500 3000 6000
RK-35 1500 115 13000 5200 10400
RK-36 2000 150 13300 5300 10600
RK-37 1500 115 13000 5200 10400
RK-38 2000 160 12500 5000 10000
RK-39 600 93 6450 2580 5160
RK-47 1250 138 9060 3620 7240
RK-48 2000 180 1 1 100 4440 8880
RK-49 400 95 4200 1680 3360
RK-51 1500 150 10000 4000 8000
RK-52 1500 150 10000 4000 8000

FIG.G7
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5 10 SO 100 S00 1000

TANK CAPACITANCE -MIOtOMICROFRRADS

FIG. C4

S07' MODULATED WAVE

100fo MODULATED WAVE

FlG. HI
a single lube is plate neutialized l>y splitting ine lank coil, the load splits as
Ihe square of the turns ratio, assuming peifect coupling between the turns of

(he coil. A coil split in the center is equivalent to the split condenser case and
the capacitance required is I -4 that used for the reference circuit. A coil

tapped up 1/3 from the low potential end and this is the usual tapping point,
will require a total capacity of 4 9 the reference vatuc.

Tubes in parallel act exactly as though they were a single tube drawing twice
the plate current of one lube at the same plate voltage The capacitance re-

qun ed is double that tor a single tube, The capac it ances tabulated are the
absolute minimum that can be u^ed. Somewhat larger values will reduce the
tank circuit ef f iciency only slightly but will further reduce the harmonic
radiation. For phone operation a somewhat larger capacity should be used. A
self -excited oscillator requires the use of about three times as much capacitance
as the refeiencc circuit.

INDUCTANCE Having obtained the value of capacitance, the required value
of inductance may he found from formula. CI . or from the

curves in Fig. G4.

A design formula for single layei coils, which includes spacing effects is:

= radius of coil— inches
b = length of coil— inches
n = number of turns
L = inductance —microhenries
K — a constant depending on

the ratio of diameter to
length, 2a/b, see Fig. C5.

L =
0.1003 a*n*K

0.1003 K

(CXXtt t

iCXXItl

)

The Wire Table in Fig. C6 will be found useful in determining the proper
wire size.

It has been found that a coil whose diameter equals its length gives least
coil loss in the high frequency bands. The curves in Fig. C8 show the number
of turns vs. the inductance in microhenries for single layer coils having the
cfiameter equal to the length, and will be found useful in designing high fre-
quency coils.

The coils should be wound of wire fargc enough to carry the r-f current
without appreciable heating. Self-supporting coils are best although ceramic
forms and certain composition forms operate very well. Some idea of the loss
that is introduced by the form used may be obtained by comparing the minimum
plate current of a Class C amplifier using coils of the same inductance but
with different forms. Often, the loss present in the dialectric is such a small
percentage of the loss in the coil itself that it is not economical to use a special
ceramic form when an ordinary composition form might serve the purpose just
as well.

LOAD IMPEDANCE A factor which is decidedly useful in the design of a trans-
mitter is the load impedance of the tube. This value in

general gives some idea of the matching network necessary to use between a
driver stage, for instance, and the output tube. From equation (GXIX> :

CARRIERMP5IPE
FREQUENCIES

SINE WAVE MODULRTIQN-100%

f= MODULATING FREQUENCY
CRRRIER

towee
SIDE FREQUENCY

UPPER
SIDE FREQUENCY

CARRIER ZSIDEBRtlPS
COMPLEX WRVE MOOULFlTIOrt

COMPONENTS 0FM0OUL RTIMO
FREQUENCY

CRRR/EJ?

LOWER
5IDEBRND

UPPER
SIDEBAND

C-f C C+f
FREQUENCY

i I LI. I

C fs C-$ C-f, C C*f, C*f
t £*£

FREQUENCY

FIG. HZ

Zl

and from equation iGXIVi

(e P )
2

2 I p Ep n

2n

1

.
= 2nE p

-

—

K

E 2r
X X Rb (CXX1V)

K* i p K 2

For an efficiency of 70% and an operating angle of 120"1

as before;

2 X 0.7
Zl = ——— X Rb - 0.42 Rb <GXXVi

1.82

The load impedance is. therefore, a function of the d-c plate current and
voltage assuming constant efficiency and operating angle.

The table m Fig. C7 shows the approximate load resistance for Raytheon
Amateur tubes under Class C operating conditions. The load resistance may not
be the optimum but it is approximately so. It will be noticed that the pentode
types do not use a high load resistance. A popular notion seems to be that
the plate load resistance of a pentode is very high. This is not true, although
the plate resistance of a pentode is higher than that of a triode, the optimum
load resistance is the same as for a triode drawing the same d-c plate cur-
rent at the same d-c plate voltage.

MODULATION
MECHANICS To transmit intelligence by means of a radio frequency wave, t tie

wave must fust be modulated. Modulation usually consists of
varying the amplitude of the wave so that the variations can be interpreted by
the receiver. For CW transmission the amplitude of the wave is varied by
stopping and starting the oscillations in an accepted manner (International
Morse Code ) . For the transmission of voice the wave must be varied in ac-
cordance with the audible sounds to be transmitted.

Fig. HI A represents an unmodulated radio frequency wave of a peak value, E.

The maximum possible reduction m the amplitude of this wave in a negative
dnection is to 0, therefore, the peak negative reduction in this wave is equal
to E. If this value were exceeded the wave would be over-modulated and
completely cutoff, as shown in Fig. HIC. In a positive direction the amplitude
of the wave can be increased mdcf initely. Since any complex wave can be
resolved into an infinite number of pure sine wave components, it is customary
to base modulat ion calculat ions on such waves. For this case the maximum

EUHPRMEMTRL

1/

MODULATING
WAVE

FUNDAMENTAL
POWER IN
SIDE BAI10S

AliTEMMA CUP.
INCREASE
100% MOD.

S//IE WAVE so%ofcarrier 22.5%

ASSHOWN
IN ~B'

36% OFCARRIER
76%OFSMEWmE
MODULATION

168%

ASSHOWN
Ili'C"

66tOFCARR/Ee

i3e%0Fsim wave
MODULATION

2*0%

Q MODULATING WHVE CONTAINING
FUNDAMENTAL AND ISfo 2hd HARMONIC

ft R-F WAVE MODULATED 100% Br WAVE
SHOWN IN "A" WITH DISTORTION PEAKS
DOWNWARD C K-F WAVE MODULATED 100 % BY WAVE

SHOWN IN 'A' WITH DISTORTION PEAKS
UPWARD

FIG. H-3
modulation occurs when the wave is modulated down to zero and up to a
peak value of 2E. as shown in Fifi. HIB. This is considered complete modula-
tion and is termed I00<\, modulation 01 operation with a modulation factor of
I 0 Fie It 10 '.hows a wave that is nut i umpletety modulated

RAYTHEON ENGINEERING SERVICE 23



RAYTHEON AMATEUR TUBES

The upward modulation is:

M, ^
The downward modulation is:

En..,.-
(HI)

(HID

If the wave is sinusoidal or symmetrical about the carrier value the upward
and downward modulation factors are equal and in terms of the negative and
positive modulation peaks the modulation factor is:

Em. * — Emm
M~ (HIM)

Em.* -| Em In

Since power is proportional to the square of the voltage, the peak power of

a modulated wave is:

E, — Peak Carrier Voltage
K - A Constant Peak Power — K ( E«-

)

y (M-|- U (HIV)
M - Modulation Factor

For a modulation factor of 1.0, the peak power is four times the carrier

value.

The average power of a modulated wave is equal to:

M-
Avg. Power = K (

E

c )
! ( \- 1 ) < HV

)

2

For a modulation factor of 1.0 the average power is 50% greater than the
carrier power. Since the average output power is increased by 50%, the in-

crease in output current or voltage at full modulation is equal to:

Vh5 X l^rrl^r = 1.225 X U.rrler (HVI)

or

VK5 X Earner = 1.225 X E,, r n,r (HVII)

SIDE BANDS If the modulating wave is a pure sine wave, the modulation
process can be shown to produce two additional frequencies

spaced above and below the carrier frequency by amounts that are equal to

the modulation frequency as shown in Fig. H2A. At 100% modulation, each
of these frequencies possesses an average power that is equal to 25% of the
carrier power. The magnitude of the average voltage in the side frequencies
at 100% modulation is equal to 50% of the carrier voltage. If the modulating
wave is a complex audio wave of many frequencies, such as is produced by
speech or music, the side frequencies above and below the carrier frequency
extend out to the highest audio frequency being transmitted, as shown in

Fig. H2B and are known as side bands.

EFFECT OF PHASE OF 2ND HARMONIC ON MODULATION If the modulat-
ing voltage is

distorted the results for antenna current increase and side band power calcu-
lated for a pure sine wave are not valid. A sharply peaked modulating wave
form of proper phase, such as is produced by a strong second harmonic com-
ponent, will reach a condition of 100% modulation before the maximum theo-
retical sideband power with a pure sine wave is reached. If such a wave is

FIG. H4

reversed in phase, more power can be put into the side bands at 100% modu-
lation than is possible with a sine wave. For the first case, the antenna current

at 100% modulation will be less than 1 .225 X the carrier value; for the

second case it will be greater.
Fig. H3A shows a modulating wave consisting of a fundamental and 15%

second harmonic. In Fig. H3B this wave is shown modulating an r-f carrier,

with the distortion peaks downward. In this case, when the downward modu-
lation is 100% the upward modulation is less than 100% due to the unsym-
metrical shape of the modulating wave. The fundamental power in the side-

bands, at 100% modulation, is 36% of the carrier power as compared to 50%
for a modulating wave of pure sine wave form and the fundamental sideband
power is 76% of that with sine wave modulation. If the phase of the modu-
lating wave is changed by 180° (modulation transformer reversed) the wave
appears as shown in Fig. H3C. At 100% modulation the fundamental sideband
power is 66% of the carrier power or 132% of that with sine wave modulation.
The antenna current increase w.th 100% modulation for the condition, shown
in Fig. H3B, is 16.8% and for the condition shown in Fig. H3C is 29% as
compared to 22.5% for sine wave modulation.

For the transmission of a speech modulated wave, it is possible to show that
the average side band power in a fully modulated wave is only about 50% of
that with a pure tone because of the complex nature of speech. The antenna
current increase therefore will be only about 12% and with the sluggishness of
antenna ammeters, it is usual to expect only about a 5% increase in antenna
current meter reading while modulating 100%.

MODULATION AT LESS THAN 100% The side bands carry the intelligence
that is to be converted into audible

frequencies by the receiver and the greater the power put into the side bands
the greater the magnitude of the received signals. As the percentage modula-
tion is reduced the power in the side bands is reduced. At 80% modulation,
however, it r-,i!y down about 2 db from the 100% value. Although this de-
crease in signal strength is hardly noticeable, the saving in modulation power
is considerable, the reduction being 36%. 1 00% modulation is a desirable

modulation percentage to maintain because it represents the maximum modula-
tion capability of a transmitter. However, the reduced distortion and the free-
dom from the possibility of overmodulation at the lower modulation percentages
sometimes outweigh the gain in signal strength that is obtained by the use of
100% modulation.

Equal side band power will produce the same audio output from a linear

detector regardless of the carrier strength. For instance, a completely modu-
lated 250 watt carrier is exactly equivalent to a 1000 watt carrier modulated
only 50%. For a detector operating in the square law region, however, the
one kilowatt signal would give a rectified audio voltage twice that for the
250 waft signal, which would represent a gain of about six db in the received
signal. This to a certain extent justifies the use of a higher powered carrier
modulated with the available audio power since many high frequency receivers
use detectors that are operating, for weak signals at least, in the square law
region. The interference created by the stronger carrier is greater and for this

reason it is desirable to operate with a weaker carrier completely modulated.

HEtSING MODULATION

AVERAGE PIUTE
\
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FIG. H5

Operation is, of course, not particularly economical with a strong carrier, i.e.,

the increase in power supplied to the transmitter is not justified by the in-

crease in signalling effectiveness.

MODULATION METHODS To obtain modulation of the transmitted wave in

the manner just described several systems are in

general use. Modulation can be accomplished by any system which will vary

the amplitude of the transmitted wave at an audio rate. Thus, if the plate

voltage of a Class C amplifier is varied, it will be found that the output current
will vary linearly over a wide range of plate voltage. Similarly, if the d-c grid

voltage is varied, it will also be found that, under certain conditions of excita-
tion and bias, linear variations in output are possible. In a pentode, variation

of the screen or suppressor voltages will vary the output. Any of these schemes
or combinations of them can be successfully used to obtain modulation. Each
system, however, presents its own individual problems.

HEISING MODULATION
MODULATED AMPLIFIER
RK-/0

RK-lt M0PULATEPBYTWO6166*

MODULATED AMPLIFIER

PLATE VOLTAGE TOMODULATED TUBE
REDUCED FOR COMPLETE MODULATION,

FIG.H6
FIG. H7

PLATE MODULATION Plate modulation is probably the most linear of all the
systems of modulation. While it requires considerably

larger modulation equipment than other systems, it is usually quite simple to

adjust. The modulated tube runs at good efficiency and there is little wasted
power. The usual difficulty encountered with plate modulation is inability to hit

the positive modulation peaks. This can usually be overcome either by increasing

the excitation or decreasing the load impedance. If it is not possible to in-

crease the positive peaks by these methods the carrier plate voltage must b
reduced.

With practical tubes it is impossible to get perfectly linear modulation up to

100% when fixed bias is used. Automatic bias tends to overcorrect this effect
so that a combination of fixed and automatic bias is best. Since the bias must
change with modulation high initial biases (twice cut off or greater) should
be used since the required bias change is most easily obtained when it is a
small fraction of the total bias voltage.

If the plate voltage of a Class C amplifier is increased from zero it will be
found that the output current will increase linearly with plate voltage up to a
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certain point where it will begin to flatten off. This point represents the maxi-
mum voltage that can be applied to the plate and still maintain linearity of
operation. The point of flattening can be materially raised or lowered by rais-

ing or lowering the grid excitation or by the adjustment of the load impedance.

In Fig. H-4 the output is linear up to 2£ ft and since the modulating voltage
must vary the r-f output current to 0 and up to twice the carrier value for
100% modulation, the plate voltage should be set at E„ and modulated up to
2E» and down to 0. The peak plate voltage is, therefore, twice the carrier d-c
plate voltage. The plate current will also vary linearly with plate voltage and
the peak instantaneous plate current will be twice the carrier d-c plate current.
With a sine wave modulating voltage applied, the plate current variations will
be symmetrical around the carrier value and a d-c plate current meter will read
the steady carrier value.

The apparent resistance of the tube to the variation in plate voltage is,

therefore,

E„ = D-C Plate Voltage E i»

l r — D-C Plate Current

This is the resistance load of the modulator.

The plate input power under carrier conditions is:

P, = E„ l„

The peak plate input power at 1 009b modulation is:

(HVIII

)

P = 2E„ X 21

which is four times the carrier input power
The average audio power input at

100% modulation is:

Paf = 0.707E, r X 0.707 l« f =
0.5Eaf l»f = 0.5E P lp

IHXI

)

E.r ~ Peak Modulating Voltage
l a r = Peak Modulating Current

This is 1 /2 the carrier input
power. Therefore, the a-f power re-
quired for complete modulation is

equal to 50% of the carrier input
power. If it is assumed that the tube
efficiency is to remain constant over
the audio cycle, the plate dissipation
of the tube is increased by 50%
under steady 100% modulation con-
ditions. For incomplete modulation,
that is, for modulation with a factor
of M,

R = Modulator Load
P c = Power Input (Carrier)
M — Modulation Factor

4 P.-

<HIX>

<HX)

PK-tO MOPULPTEP BY
PARALLEL 6166 S

MODULRTEP AMPLIFIER
RK-IO

E,.

R~—
Ip

(HVIIII

Pc — Ep 1 p (HIXI
Peak Plate Voltage =

Ep ( 1+ M) (HXII)

Peak Plate Current ~
1 P (1 + M

)

(HXIIII

Peak Power Output ~
Eplp (1 + Ml 2 (HXIV)

Avg. Mod. Power —
0.5 EpIpM* (HXV)

FIG. H6

HEISINC MODULATION SYSTEM The modulating power may be coupled into
the plate circuit of the modulated tube in

two different ways. The first and original system is the Heising or so called
constant current system. Operation is accomplished by feeding the d.c. to the
modulator and Class C amplifier plates through an audio choke, as shown in
Fig. H5. If the grid of the modulator is excited, the plate current wilt vary at
an audio rate which will develop an audio voltage across the choke which adds
and subtracts from the d-c voltage applied to the plate of the Class C amplifier
tube. However, even though the modulator tube is capable of supplying ade-
quate power for modulating the Class C stage, it is impossible to completely
modulate the carrier by this system since both the modulator plate and the
Class C plate operate from the same d-c source and the a-c swing of the modu-
lator plate can never be large enough to drive the plate voltage of the modulated
tube to zero. For a pentode modulator, symmetrical modulation up to about
80% is possible and with a triode modulator, modulation up to about 65%
can take place with Heising modulation.

PLATEPtiP SCPEEfi
M0DULPTEP PK-20P

-R-
RK-20f) j

PLATE&SCREENMODULATI0HOF
RK-Z0A BYMEA/IS OFTHREE
WINDING MODULAT/O/i TfifiNS.

-B-
KK-ZOR

6 6

In order to reach 100% modulation it is customary to lower the d-c plate
voltage of the modulated tube. Assuming that the modulator can supply the
modulating power required, the oscillator plate voltage should be dropped to
about 659b of the modulator plate voltage for a triode modulator and to about
80% for a pentode modulator, as shown in Fig. H6.

Since the impedance match in this system is 1:1 the load of the Class C stage
must be the optimum load for the modulator if full output is to be secured.
The load of the modulator is usually too high for optimum output. The d-c
resistance of a Class C stage varies from 5000 ohms upwards while the optimum
modulator loads usually vary from about 7000 ohms downward. In very few
instances it is possible, therefore, to get a good impedance match, power is

wasted and more modulator capacity has to be installed to handle complete
modulation. Of course, it is always possible to load the Class C stage until
the d-c plate resistance exactly equals the load resistance of the modulator
but this usually results in an inefficient Class C stage.

TRANSFORMER COUPLINC TO MODULATOR To match the impedances cor-
rectly and at the same time to

take care of cases where push-pull or Class B modulators are used, a trans-
former must be employed as shown in Fig. H7. The turns ratio of the trans-
former will vary as the square root of the impedances to be matched. If push-
pull or Class B modulators are used the load of the modulator should be taken
plate to plate and then the whole primary matched to the whole secondary on
this basis. The transformer must be capable of carrying the d-c plate current
of the modulated stage as well as the a-c voltages and currents developed in
the windings.

PUSH-PULL MODULATOR For a typical calculation let us assume that an
RK-1 I is to be plate modulated and it is required

to find a suitable modulator and a coupling transformer. The recommended
input for Class C phone operation is:

E P = 600 volts and l P --- 85 ma.
The power input is: Ep Ip = 600 X 0.085 = 51 watts.

51
The modulator must furnish: -- 25.5 watts

2

The load resistance to which the modulator load must be matched is:

600/0.085 = 7060 ohms.
Now considering a suitable modulator, two 6L6C's operating self-biased, Class

AB, will deliver 32 watts to a load of 6600 ohms plate to plate. If a small
loss is allowed in the transformer,
this modulator should be just about
adequate. The turns ratio of the
transformer should be:

6600

7060
: 0.97

RK-42 OSCILLATOR AND RK'42
MODULATOR

MO MODUL f>TIOHCHOKE BEQUIZED

This is the ratio of the whole pri-
mary to the whole secondary. The
primary is of course center tapped
and the transformer must be ca-
pable of delivering 38.0 watts with
85 milliamperes d.c. flowing through
the secondary.

A transformer ratio of whole pri-
mary to whole secondary of 1:1
would probably be satisfactory. I.5

y 1.5"

FIG. MO
SINGLE ENDED MODULATOR
For a single ended case, suppose
an RK-10 is to be modulated. The
RK-10 is being operated Class C at a plate voltage of 400 volts and a plate
current of 50 milliamperes under carrier conditions.

The carrier power input is 400 X 0.05 rr 20 watts.
The load resistance is 400/0.05 = 8000 ohms.
The modulator power required is 20/2 =: 10 watts.
Two 6L6C's operating in parallel, Class A can supply 13 watts to a load of

1250 ohms with 250 Volts plate and screen and with self-bias.

The ratio of primary to secondary turns is:

' 1250np
0.39

HOtX/'txtf "ICO* *iso'

FIG. H9

8000
The transformer, therefore, should

have a turns ratio of primary to
secondary of approximately 0.4 and
be capable of delivering 13 watts of
audio with a d-c primary current of
160 milliamperes and a d-c second-
ary current of 50 milliamperes. The
circuit is shown in Fig. H8.

PLATE MODULATION OF
PENTODES
To plate modulate tubes like the
RK-23, RK-20A and RK-28, it is

necessary to modulate the screen at
the some time, if modulation is to
take place at plate voltages that are
at all comparable with the maximum
permissible plate voltages for the
tubes. This is usually accomplished
either by the use of a three winding
modulation transformer, as shown in

Fig. H9B, or by supplying the screen
from a dropping resistor connected
lo the modulated plate supply, as
shown in Fig. H9A. The second
method is usually the simplest and
cheapest to set up but a good deal
of power is wasted in the dropping
resistor to the screen, which is not
true of the first method. Calcula-
tions for systems using the dropping
resistor are carried out exactly as
lor plate modulation but with the
screen current added to the plate
current to obtain the modulaling
power, and the load resistance for
the modulator stage.

TYPICAL CHARACTERISTICS
vs

PEAK GRID
MOLTAGE

PERK 0e/D VOLTAGE

FIG. H1I

GRID BIAS MODULATION
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PLATE AND SCREEN MODULATION OF RK-20A For an RK-20A to be plate

and screen modulated the
currents and voltages under carrier conditions are:

l P — 62 ma. E P — 900 volts

l CE -50 ma. Ec 2 — 300 volts

The screen voltage is to be dropped from 900 volts (plate supply) to 300
volts, and the screen resistor is 900-300/0.05 =. 12 200 ohms.

The total current to be modulated is 62 -f- 50 = I 12 ma.

The power input to be modulated is 0.1 12 X 900 — 100.8 watts.

The modulating power to be supplied is 100.8/2 = 50.4 watts.

The load resistance is 900/0.1 12 =r 8000 ohms (approx.).

The versatile 6L6C can be again called upon to supply the necessary power
for modulation, tor two 6L6C"s operating Class AB._. at 400 volts plate and 300
volts screen can supply 60 watts to a 3800 ohm load.

The matching transformer, therefore, should have a turns ratio from plate to
plate of the primary to the seconda ry of:

n p t / 3800= \/- = 0.69 - 0.7 (approx.)
n, V 8000

When an RK-20A is operating in this fashion almost 50% of the modulator
power is being wasted in the screen resistor.

PLATE MODULATION OF ALIGNED CRID TETRODES Now, if sufficient ex-
citation could be ap-

plied to the conventional pentode, modulation by means of the plate alone
would be possible. However, the screen will be overloaded before sufficient ex-
citation is applied. The aligned grid tubes, because of reduced screen current,
can have considerably more excitation applied before the screen overloads and
can be plate modulated at reasonable plate voltages. Plate modulation of these
types can be carried out exactly as with triodes, if excitation is such that the
screen is loaded to its maximum rated current. Linearity of operation is im-
proved by usinp a screen dropping resistor from the unmodulated plate supply
and by-passed for r.f. only.

SERIES MODULATION For small transmitters where more than adequate volt-
age is available, modulation is possible by the series

modulation scheme shown in the diagram in Fig. H10. The plate voltage must
be about twice that desired on the modulated tube and complete modulation

to handle a 100% modulated r-f signal at the grid, the bias must be set at

exactly plate current cutoff or less. Since the maximum possible efficiency of

this system is 78.5% the maximum possible carrier efficiency is 78.5/2 or

39.25%. Usually Class B efficiencies run about 33%. For grid bias systems
of modulation one is not restricted to cutoff operation and the maximum
efficiency of this system is 1/2 the maximum possible with a Class C amplifier

or 100/2 = 50%. However, in order to conserve driving power, operation

usually takes place at about 1.5 times cutoff where the carrier efficiency is

about 35%.

Grid bias modulation and Class B linear amplifiers are known as efficiency

modulation systems, since the average output power increases under modula-
tion although the pfate input power remains constant. This can only take place

by a change in efficiency, the mechanism of which has been described. In

either system the plate current should remain constant at the carrier value

under modulation. It should be noted that a Class B linear amplifier is used to

amplify an already modulated wave while with grid bias modulation the modu-
lation takes place in the grid modulated stage itself.

MODULATION BY OTHER CRIDS If the voltage on the screen or suppressor
grid is varied, efficiency modulation can

also take place. The maximum theoretical carrier efficiency of either of these

systems is 1/2 the theoretical Class C efficiency or 50%. The usual efficiency

is of the order of 35%. The effect of shifting the screen or the suppressor grid

voltage is to change the plate current vs. grid voltage characteristic in such a

manner as to increase the minimum plate voltage for a fixed load. Reduced
efficiency is the result. All systems of efficiency modulation require little

modulating power and for this reason are particularly attractive. However,
there is some question whether they are as economical as a smaller tube operat-

ing with the same carrier output at high efficiency and modulated by means
of the plate. Circuits for screen and suppressor grid modulation are shown in

Fig. H13 and Fig. HI 4.

CLASS B R-F AMPLIFIER ADJUSTMENT At first it may be stated that the
adjustment of a Class B R-F stage is

difficult to carry out perfectly without an oscillograph or other means of meas-
urement where the effect of circuit and voltage changes can be noted. In the
absence of an oscillograph, the simplest method is to set the bias of the Class B
stage to cutoff or slightly less and vary the coupling to the driver, without
modulation, until maximum output is obtained and then to reduce the excita-

tion until the output current is 1/2 of its previous value. Modulation can then
take place around this point.

SCREEN MODULATION
SUPPRESSOR

GRIP MODUL flT/Ofi

F/G H13
A I MOD.

\

\
ourm\ 6

FIG. HW

is K<-ncrally no! possible without extreme distortion. Perfect impedance match-
ing cannot of course be realized. Unless cathode type tubes are used, separate
filament supplies are required. Such a system, because it eliminates the usual
modulation choke or transformer, can be used to modulate over an extremely
wide frequency range with negligible frequency attenuation.

NEUTRALIZATION OF MODULATED AMPLIFIERS Tubes that are neutralized
for the carrier but are just

on the edge of oscillation, will often break into oscillation on the modulation
peaks. This is. of course, to be avoided. The only remedy is to improve the
neutralization.

CRID MODULATION For a given grid bias, if the excitation is increased, the
power output will increase linearly with excitation for a

time until a point is reached where it will flatten off, as shown in Fig. Hit.
If measurements were made at this point of the instantaneous plate and grid
voltages, it would be found that the maximum grid voltage was approximately
equal to the minimum plate voltage. For given d-c grid and plate voltages this
point represents the maximum possible plate voltage swing, which in turn per-
mits the maximum plate efficiency. Below this point the plate efficiency de-
creases almost linearly with grid excitation. Now the peak grid voltage which
determines the minimum plate voltage is composed of the d-c bias voltage plus
the r-f excitation voltage. To vary the peak grid voltage, therefore, either of
these components can be varied. If

the grid bias voltage is varied, a
type of modulation is possible which
is known as grid bias modulation. A
circuit for grid bias modulation is

shown in Fig. HI2. If the r-f ex-
citation voltage is varied the system
is known as a Class B r-f amplifier
or as a linear amplifier.

CARRIER EFFICIENCY OF CRID
MODULATED AND CLASS B R-F
AMPLIFIERS

Since the modulated output is varied
up and down from a carrier value,
the carrier must be set at a value
that gives half of the peak voltage
output. The excitation is, therefore,
reduced and the efficiency under
carrier conditions is approximately
1/2 of the peak efficiency. For
Class B linear operation, in. order

100 ZOO 300
PERK GRID VOLTAGE-VOLTS

FIG. HI5

DRIVERS FOR CLASS B LINEAR AMPLIFIERS In setting up a Class B stage
the design of the driver is of

great importance. The driver is usually a modulated Class C stage, although
another Class B tube may be used as a driver. For a given Class B output tube,

the driver should be capable of supplying at the modulation peaks an r-f volt-

age that is equal to the peak of the r-f voltage required by the output tube. If

it is insufficient, the full capabilities of the Class B stage are not being utilized.

If it is too great, distortion results. For a tube like the RK-38, operating at a

bias of —100 volts, the peak grid swing should be 300 volts at the crest of the
r-f cycle. At this point the r-f power required is about 0.9 X 300 X 0.025 =~

6.8 watts, so that the driver must be capable of supplying at least 6.8 watts, if

it is to supply sufficient power at the audio peaks.

The average r-f impedance of the grid at this point is 300V6.8 ~ 13200
ohms.

Under the carrier conditions, the peak grid voltage is 150 volts, the grid cur-
rent is about 3 milliamperes and the power input is 150 X 0.0025 X 0.9 —
0.34 watts, and the average grid impedance is 1 50V0.34 = 66000 ohms.

On the downward modulation swing the grid impedance increases and when
the positive modulation peaks are less than the bias, the grid impedance is

infinite. The grid of the Class B stage, therefore, presents a varying load to
its driver. If the driver is to be maintained linear, its load should be constant.
To bring this about, it is customary to shunt the Class B grid with an additional
load resistor. The impedance of this resistor will be linear over the cycle and
tend to make the average load impedance linear also. The greater the power
absorbed by this resistor, as compared to the power taken by the Class B grid,

the more linear will be the load on the driver stage. Usual practice is to use
up about 50% of the carrier power of the driver stage in the shunting resistor.

This probably represents the very minimum that should be used. Fig. H 1

5

shows the effect of various shunting resistances on the linearity of the load
presented to the driver tube.

Other driver considerations are the peak power output and the peak voltage.
Thus, for the RK-38 a peak voltage of 300 volts is required at the modulation
peaks. The cam. i voltage supplied from the driver should be 1/2 of this or

150 volts. The peak power required is 6.8 watts which means that the driver
carrier power should be at least 1/4 of this or 1.7 watts, if it is to be capable
of supplying the peaks of the r-f cycle. Since about 50% of the power is to

be used up in a loading resistor, a driver carrier of about 3.5 watts is necessary.
1 1 would be best to select a carrier value that is about twice this and tap
down on the driver coil for optimum excitation. It is essential to use some
system by means of which the excitation can be varied for adjustment purposes.
Unless this is done, adjustment for optimum conditions can never be realized
except by chance.

BIAS SOURCE FOR CLASS B LINEAR STAGES The bias source plays an im-
portant part in the overall

linearity of a Class B stage. A tendency for the output to be too high at the
modulation peaks can be corrected by adding some variable bias in the control
grid circuit. A cathode resistor will have a similar effect. Both of these should
be by-passed for r.f. only.

It has always been more or less accepted by amateurs that a Class B stage
should be set at exactly cutoff. This is not true and with this condition it is

impossible to obtain linear modulation. If the bias is reduced so that some
plate current flows with no excitation, the performance of the Class B stage
will be very greatly improved. Initial plate currents with no excitation up to
2/3 rated plate dissipation are permissible. Bias values greater than cutoff
are of course out of the question because the negative modulation peaks will
be completely cutoff.

CRID BIAS MODULATION ADJUSTMENT Closely allied with Class B opera-
tion is the operation of the grid

bias modulated stage. In general, the bias should be set at a value that is

about the cutoff value for the plate voltage used and the load and excitation
adjusted for maximum output. The grid bias is then increased maintaining the
excitation approximately constant until the antenna current reaches 1/2 of its

initial value. In the absence of an antenna meter the plate miltiammeter can
be used as an indication of the reduction in output. Modulation can then take
place at this point. Initial bias values greater than cutoff can be used and
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will increase the carrier efficiency but inasmuch as the maximum theoretical

carrier efficiency is only 50%. it doubtful if efficiencies of more than 40%
are possible. A carrier bias value of between double and 1.5 times cutoff is

reasonable. Larger bias values increase the efficiency but the adjustment of

the amplifier becomes critical and the r-f driving power is appreciably increased.

AUDIO POWER FOR GRID MODULATION If the peak r-f driving voltage and
the d-c grid current at the peak of

the modulated cycle and the modulating voltage are known, it is possible to
calculate the peak audio power required for modulation. At the peak of the
cycle the driving power can be calculated exactly by methods that have been
described under "Driving Power and the Exciter" and is approximately:

P.i (Peak) - 0.9 X Err U-
E.r = Peak R-F Grid Voltage
\,u- -~- Grid Current at Peak of Audio Cycle

The average impedance of the grid at this point is:

0.5 (Err) 2 0.5 Err

Ze = . —
P,i 0.9 Idc

Since the audio voltage is applied across this average impedance.
0.5 (E. ( >*

E«r — Peak Audio Voltage P«r (peak) —

(HXVI)

P.r Peak Audio Power
0.9 (E.r)* X

(peak) rr (HXVIII)

CATHODE PRY
TUBE

VEGT/CRL
DEE
PLATES TQRPEZ0ID PATTERN

MOOUL # TING
VOL TAGE

F/O. H16

The peak audio power required is also equal to:
P.I X ( Eaf )

2

Pur (peak) —
(Err)-

GRID IMPEDANCE OF CRID BIAS MODULATED STACE

(HXIX)

The grid impedance
of a grid bias mod-

ulated stage varies widely over the audio cycle in much the same manner as
in a Class B R-F stage. The grid impedance over the negative excursion of the

CATHODE RAY
TUBE

FIG. Ht7

a-f cycle is" infinite, while it drops to very low values during the positive swing.
In order that the load of the modulator tube be more nearly constant, it is

usual to use up a good deal of power in a shunting load resistor. In general,
the power required for grid bias modulation is quite low as compared to the
audio power that can be made available and the cost of the additional power
lhat must be expended in the shunting resistor is small compared to the im-
provement in fidelity that is realized. Since the r-f grid impedance of a grid
bias modulated stage varies in much the same manner as the grid impedance
of a Class B linear stage, similar precautions should be taken in the design of
the driver if optimum results are to be
obtained.

SUPPRESSOR CRID MODULATION
Modulation by means of the suppres-
sor grid is about the simplest modu-
lation scheme that has yet been
devised. The power required is neg-
ligible and the adjustments are minor.
A further advantage is that, due to
the trailing off of the suppressor grid
characteristic in the negative direc-
tion, it is almost impossible to over-
modulate. Suppressor grid modulation
does however possess two disadvan-
tages. First, beyond about 80% mod-
ulation the distortion increases rapidly
(this to a certain extent is advan-
tageous because it prevents over mod-
ulation) and second, suppressor mod-
ulation is limited to a carrier efficiency
on the order of 35%. The mechanism
of suppressor modulation is to vary
the minimum plate voltage for a given
excitation and inasmuch as the signal
must vary up and down from the car-
rier value, the carrier must be set at
a relatively high minimum plate volt-
age with resultant poor efficiency.

PIOPE MOPULfiT/Oti METE

2

6 LOWRANGE
MILLIRMMETER

ADJUSTMENTS FOR SUPPRESSOR CRID MODULATION The general procedure
in setting up a sup-

pressor grid modulated amplifier is to adjust the load and the excitation to
give optimum output at maximum suppressor voltage and then to reduce the
current output to one-half the peak value by increasing the suppressor voltage
in a negative direction. At this point modulation can take place. An oscillo-

graph may be utilized for the purpose of determining the quality of the modu-
lation. If difficulty is encountered in reaching the positive peaks the excitation
should be increased or the loading reduced. It will be found that the point of
optimum suppressor bias may vary with frequency, possibly due to some transit
time effect or to voltages built up across impedances in the suppressor grid
circuit. For instance, at 80 meters, 45 volts is usually the optimum value, at
20 meters, between - 60 and 90 volts is usually necessary and at 10 meters
still higher voltages are required. It is usually best to obtain the maximum
output at -f45 volts on the suppressor and then reduce the plate current to
one-half or better still, the antenna current to one-half the maximum value by
increasing the suppressor bias negatively.

CALCULATION OF SUPPRESSOR MODULATINC POWER Over the modulation
cycle the suppressor

is substantially negative and the power required for modulation can be calcu-
lated in a manner quite similar to the methods employed for the calculation
of grid driving power.

The power required is approximately:
Ear = Peak audio voltage sup-

plied to the suppressor
1 1

.

3 — D-C suppressor grid current
under steady modulation

P*r -~ A-F modulating power

P.r = 0.9 E, f l C3 (HXX)

In Fig. H14 is shown a typical suppressor modulated amplifier. Again, to keep
the amplifier load as linear as possible, a load resistor is used.

MODULATION MEASUREMENTS—CATHODE RAY OSCILLOCRAPH The easi-

est and
quickest method of determining modulation percentage and distortion is by the
use of a cathode ray oscillograph. If some of the modulating voltage is applied
to the horizontal plates at the same time that some of the modulated r-f
voltage is applied to the vertical plates, as shown in Fig. H16, trapezoidal
figures result. The modulation percentage can be determined by measurement
of the actual heights of the sides of the trapezoid and the modulation per-
centage is given by:

h, - h-.

m = (HXXI)
h, + h2

More accuracy is possible by the use of a larger pattern but usually the figure
becomes quite distorted. A more accurate method that allows the use of a
larger pattern and one where the relative widths of the trapezoid are quickly
measured, is to bias the vertical plates by means of a potentiometer and battery,
as shown in Fig. HI 7. If the center line of the oscillograph is noted, the bias
necessary to bring each peak to the center line is a measure of the relative
heights of the peaks and the percentage modulation can be calculated. This
method eliminates the effect of any possible distortion in the oscillograph plates
or screen, in fact, in a vertical direction the figure can be much larger than
the screen itself.

DIODE MODULATION METER A common method of measuring modulation is

by the use of two diodes, as shown in Fig. HI 8.
The 10000 ohm potentiometer adjusts the r-f voltage applied to the diode to
about 10 volts. The carrier value can be measured without modulation and
the upward and downward modulation peaks measured by setting the switch
to the modulation desired and adjusting the indicator to zero by means of
the 50000 ohm potentiometer.

The upward modulation is then:

E,- = Carrier value

E, ~ Positive peak value

and the downward modulation is:

Ec — Carrier value

Ej ~ Negative peak value

or the average modulation:

E, - E,

(HXXI II)

E, -

(HXXIVl
E, + E 2

This method has disadvantages. It is not accurate above 3000 cycles because
of the effects of diode loading. Contact potential effects in the diodes mask
the accuracy of the instrument in the vicinity of 80%—100% modulation, al-
though in the instrument described contact potential can be to a certain extent
cancelled by means of the 1.5 volt bucking battery. With no signal applied
and the potentiometer, P,, set to zero, the potentiometer, P

;
„ should be ad-

justed so that no current flows in the indicating device.

FIG. HI9 FIG H20

FIG. HI8

OVER-MODULATION INDICATORS A meter that is useful in showing up over-
modulation or carrier shift is shown in

Fig. HI9. It is a simple diode rectifier plus a potentiometer to vary the voltage
applied to the diode. Overmodulation will show up as a shifting meter-reading
as the transmitter is being modulated. Another device that is cheaper is a 6E5
type indicator, as shown in Fig. H20. In operation, the coupling to the trans-
mitter is adjusted until the magic eye deflection is reduced about one-half. As
the modulation is varied there should be no changes in the deflection of the
magic eye.
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TABLE I

MODULATING POWER FOR PLATE MODULATION (100%)

D-C
Plate
Volti

CARRIER CONDITIONS

D-C
Plate
Ma.

Input
Watti

Output
Watts

Modu-
lating
Watts

Matching
Impedance
Ohms

Modulation Trans.
Turns Ratio

Total Primary to
Total Secondary

Modu-
lator
Tubes
See

Table II

RK-10 (1) 350 50 1 7.5 12 9 7000 1 :1 .32 A

RK-10 (2) 350 100 35 24 18 3500 1.56:1 C

RK-1 1 (1) 600 85 51 38 26 7060 1 :1 D

RK-1 1 (2) 600 1 70 102 76 51 3530 1 :1 F

RK-12 1 1 I 600 85 5) 35 26 7060 1 :1 D

RK-12 (21 600 1 70 102 70 51 3530 1 :1 F

RK-18 1 1 1 1 000 80 80 64 40 12500 1 :1.82 F

RK-18 (21 1 000 1 60 160 128 80 6250 1.24:1 H

RK-20A'M 1 1 1000 105f 105 52 53 9530 1 :1.58 F

RK-20A*(2> 1000 210t 210 104 105 4765 1.42:1 H

RK-2 3 * ( 1 ) 400 73 t 29 13.5 15 5500 1.35:1 B

R K-2 3 a
| 2

)

400 1 46f 58 27 29 2750 1.48:1 E

R K -25 *-
( 1 ) 400 73 j 29 13.5 1 5 5500 1.35:1 B

K Pv-ji J * ( 2

)

400 146t 58 27 29 2750 1.48:1 E

*
( 1 ) 1 500 187f 280 1 55 140 8000 1.5 :1 K

R K-28 * ( 2 1 1 500 374f 560 310 280 4000 2:1 M
I ] ) 1000 80 80 60 40 12500 1 :1.82 F

R K-30 ( 2

)

1000 160 160 120 80 6250 1.24:1 H

RK-31 ( 1 ) 1000 100 100 70 50 10000 1 :1.62 F

RK-3

1

(21 1000 200 200 140 100 5000 1.39:1 H

RK-32 ( 1

)

1000 100 100 70 50 10000 1 :1.62 F

RK-32 ( 2

)

1000 200 200 140 100 5000 1.39:1 H

RK-34 ( 1 ) 300 80 24 16 12 3750 1.63:1 B

RK-35 ( 1 ) 1250 100 125 93 63 12500 1 : 1 . 1

8

C

RK-35 (21 1250 200 250 186 125 6250 1.33:1 i

RK-36 I 1 I 2000 150 300 200 150 13300 1.16:1 K

RK-36 121 2000 300 600 400 300 6650 1.55:1 M
RK-37 1 1

)

1250 100 125 90 63 12500 1 :I.I8 C
RK-37 (21 1250 200 250 180 125 6250 1.33:1 1

RK-38 ( 1

)

20O0 160 320 225 160 12500 1.2 :1 K

RK-38 12) 2000 320 640 450 320 6250 1.6 :1 M
RK-39 1 1 1 400 60 24 17 12 6670 1.23:1 B

RK-39 (21 400 1 20 48 34 24 3335 1.34:1 E

RK-41 1 1 > 400 60 24 1 7 12 6670 1.23:1 B

RK-41 (2) 400 120 48 34 24 3335 1.34:1 E

RK-47 1 1 ) 900 80 72 50 36 1 1250 1 :i .72 F

RK-47 (21 900 160 144 100 72 5625 1.27:1 C
RK-48 1 1 1 1500 148 222 165 1 1 1 10100 1 :l 1

RK-48 (2) 1500 296 444 330 222 5050 1 :1.12 L

RK-49 1 1

)

300 60 18 12 9 5000 1.41 :1 A
RK-49 12) 300 120 36 24 18 2500 1.85:1 C
RK-51 ( 1 ) 1250 105 131 96 66 1 1900 1:1.15 c
RK-51 (2) 1250 210 262 192 131 5950 1 .36:1 1

RK-52 1 1 1 1250 115 144 105 72 10900 1 :l.l c
RK-52 (2) 1250 230 288 210 144 5450 1.42:1 1

( 1 ) Single Tube
(2) Two Tubes— Push Pull or Parallel

* Plate and Screen Modulation with Series Screen Resistor

t Sum of D-C Plate Current and D-C Screen Current

TABLE II

RECOMMENDED MODULATOR TUBES

OPERATINC CONDITIONS

TYPE
Class

D-C
Plate
Volts

D-C
Screen
Volts

D-C
Crid
Volts

Bias
Resistor
Ohms

Output
Watts

Load
Impedance
Ohms

See
Table

1-6L6C A 375 250 -17.5 Fixed-Bias 1 1.5 4000 A
2-6F6C AB, 375 250 Self-Bias 340 19 10000 B

2-6L6C AB, 400 250 Self-Bias 190 24 8500 C
2-6L6C AB, 400 300 Self-Bias 200 32 6600 D
2-6L6C AB 2 400 250 -20 Fixed-Bias 40 6000 E

2-6L6C AB. 400 300 -25 Fixed-Bias 60 3800 F

2-RK-12 B 700 0 80 9000 C
2-RK-I2 B 750 0 100 9600 H
2-RK-3I B 1000 0 160 1 1000 J

2-RK-3I B 1250 0 190 18000 K
2-RK-52 B 1250 0 250 10000 L

2-RK-38 B 2000 - 52 Fixed-Bias 330 16000 M

FIG. H2I
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Fiy. H2 I is a tal)ufation of I he requirements for plate modulation of Raytheon
Amateur Tubes and recommended modulator tubes, and will be found useful in

designing modulation equipment.

DETECTOR PERFORMANCE
The introduction of separate diodes which may be used for diode rectification

and AVC has resulted in several types of detector tubes. Not much information
as to the relative performance of the various types of tubes has been available

so that the amateur has not had the information to enable him to choose the
best type of detector tube for his particular purpose. This section summarizes
ihe results of an experimental study of the performance of the various types of

detector tubes now available.

: DETECTOR PERFORMflttCE
CURVES

6876

a

i 6

_ (P) PLATE CIecuIT DETECTION LU.5. 21(P)

; (o) oeio circuit detection K
1000K MODULATION 30%

y

'7(,
/) . . ..

f

.5.6.7A.9f.O Z
B~F SIONflL •

S 4 5 I 78910
PEfiK VOLTS

30 40 SO 60 TQSDSOKO

The peiformance of the various types of tubes are shown on the accompany-
ing chart in Fig. Rl. It would have been impossible of course to have plotted
curves for all the conditions under which the various types of tubes might be
used. Resistance coupling was used in all cases, and it is believed that the
values of resistances chosen represent close to the optimum values considering

both sensitivity and distortion. The results given for the lower impedance tubes
such as the 27, 55 and 85 types may, of course, be easily changed to transformer
coupling by well known methods of circuit analysis. The values of resistors,

voltages, etc. are indicated in the tabulation.

Four types of circuits were used in this study and are shown in Fig. Rl.

Circuit A shows the circuit used in the case of the diode. The output using a

diode, as shown plotted in the figure, is linear because the input given is 5

volts or more. With smaller input voltages there would have been more curva-

ture. Circuit B was used for the conventional tubes such as the 24A, 27, 57,

6C6 and 6J7C types. The operation of these types is obvious and of course
requires no further comments except that C refers to grid circuit detection and
P to plate circuit detection.

Circuit C, in Fig. Rl. shows the connections for the 55 and 85 duplex diode-

triode tubes. This connection is not the most favorable one as regards overload

conditions because the bias is proportional to the carrier and consequently the

tube is overbiased as the modulation voltage must be equal to or less than the

carrier voltage. Enough output may be obtained generally with this connection
but in AVC systems it is possible to obtain enough r-f voltage to overbids the

triode section thus cutting off the plate current. A connection using a fixed

bias, such as shown in circuit D of Fig. Rl may be used, in which case the

output voltage will be raised considerably before overloading occurs since the

triode bias is then independent of the carrier amplitude.

Circuit D was used for the types 75 and 6B6C. The 6Q7C will give approxi-
mately the same performance as the 6B6C. These tubes have a high-mu triode
section in which .the operating bias on the control grid must be close to the
point where current starts so that the grid may draw current over part of the
cycle at least. The resistance of one megohm in the grid circuit keeps the grid-

cathode resistance high, thus preventing shorting of the diode leak resistor.

This circuit has been investigated quite thoroughly experimentally and has been
found to be satisfactory.

The 2B7, 6B7 and 6B8C tubes are duplex diode pentode tubes which have
been introduced for two services. One is to use the pentode as a high frequency
amplifier with the diodes used for rectification, AVC. etc. The other applica-
tion is to use the diodes as rectifiers and the pentode section as an audio
amplifier. It is the latter service which is of interest in this study. Two condi-
tions for the 2B7. 6B7 and 6B8C are given. The curve labeled "X" is for 100
volts on the screen grid and represents conditions under which it is not de-
sirable to reduce the screen voltage to values lower than that used for the other
tubes. Condition "Y" is believed to represent the optimum conditions but re-

quires a screen voltage of 45 volts and hence an extra voltage divider in the
usual small receiver.

I he experimental curves show one result that is rather startling on first

thought. This is that it is possible to obtain with a high-mu triode with auxiliary

diodes about as good sensitivity as with pentode tubes. Thus, in a small re-

ceiver the 75, 6B6C or 6Q7C tube will give practically as good sensitivity as the
24A, 57, 6C6 or 6J7C type detector tube and in addition allows AVC to be
used. A duplex diode-pentode may be used also in this combination but will

cost more for equal or even less sensitivity as the "X" curve for the 2B7, 6B7,
6B8G shows less sensitivity than the curve for the 75 and 6B6C. The duo-
diode pentode types are necessarily more expensive than the duo-diode triode
types and hence will cost more to incorporate in a receiver

In general, a study of the diagram shows that duo-diode triode or pentode
tubes will give improved circuit performance and flexibility. These tubes give

about the same sensitivity as the 24A, 57, 6C6 tubes and in addition the
diodes may be used for AVC, etc. The duplex diode triode types, such as the

55 and 85, give considerably better results than the type 27 or the newer
triodes such as the 6J5G as regards sensitivity and overload and in addition
they may be used for other circuit functions also, such as AVC, etc.

TUBE CIKCUIT MEGOHMS VOLTS

*t *t *li *h % Ee
DIODE A .S

27 10) 3 .S .02 2S0
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24 IP) B .02S .5 S 100 250

ST
6C6 (P)
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FIG. Rl

ULTRA HICH FREQUENCY OPERATION
Fundamentally, tube operation at the very high frequencies (above 14 mega-

cycles! is the same as at lower frequencies except for the relative importance

of such factors as interelectrode capacitance, lead inductance and resistance,

and transit time losses. Practically, however, tube operation is quite different

and due consideration must be given to tube and circuit conditions that are

ordinarily so unimportant at the lower frequencies that they arc completely
neglected.

REDUCED RATINCS It is usually necessary to reduce the ratings of a trans-

mitting tube when it is operated at the ultra high fre-

quencies. All Raytheon Amateur Tubes may be operated at the maximum ratings

up to 14 megacycles and a very large majority of them may be operated up to

30 megacycles at the maximum ratings. Beyond this frequency, however, most
tubes, except those specially designed for high frequency operation, should be

operated at reduced plate voltage and excitation. Several factors are responsible

for the necessity of reducing the ratings. The first is lead heating due to the
flow of heavy charging currents to the tube elements. Second, the tube effi-
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oency is rctkicoa due to transit time and impedance losses, and third, the
circuits used with (he tube are never particularly efficient and usually by them-
selves constitute a very heavy load for the tube. Due to the presence of these
three factors, the overall efficiency of a tube and its associated circuit falls off
rapidly with frequency, as shown by the curve in Fig. J4. How much the low
frequency ratings should he reduced for high frequency operation depends en-
tirely upon the extent to which these factors are present. Each factor will be
discussed in detail so that by a careful consideration of all that is involved, the
amateur may be able to fully appreciate some of the difficulties under which
the tubes are expected to operate
and by such appreciation be able
to obtain from his tubes not only
increased output but also more
stable operation and longer life. EFFICIENCY FREQUENCY

PUSH-PULL OSCILLRTOP
2 H-F TUBES SIMILRP

TO RK-3ZCHARCINC CURRENTS The pas-
sage of a

heavy charging current through a
tube lead causes a heating of that
lead since the high frequency re-
sistance of the lead is appreciable.
The high frequency resistance of a
lead varies directly as the square
root of the frequency and some
idea of how much the high fre-
quency resistance of the lead
differs from the d-c resistance
may be gleaned from the fact that,
at 56 megacycles, the r-f resistance
of it 1 4 copper wire is approxi-
mately forty times its d-c resis-
tance. The lead, in turn, heats the
glass seal. If the heating occurs in

a stem lead close to another stem
lead at a different a-c or d-c potential, the glass stem may be heated suffi-
ciently to conduct and electrolysis of the glass may occur. Even though elec-
trolysis does not occur, the heating of the glass may introduce a serious
dielectric loss. If the lead is brought out of the side or the top of the bulb
remote from other leads, the danger of electrolysis or dielectric toss is not very
great but the heating still continues and the temperature of the glass may rise
to a point where softening occurs and the glass collapses.

The magnitude of the charging currents depends upon the magnitude of the
tube capacitances, the r-f voltages applied to the elements and the type of
circuit in which the tube is being operated.

i50 ZOO 250 300 350 400
FREQUEtiCY-ME6RCYCIE

S

FIG. J4
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AMPLIFIER OPERATION For example, consider an RK-35 used as a 56 mega-
cycle amplifier as in Fig. Jl. First, the neutralizing

condenser will be disconnected and only the grid voltages will be applied. If

the excitation is increased until the d-c grid current has reached its rated value
of 15 milhamperes, the peak r-f grid voltage is approximately 375 volts. This
voltage is applied across the input capacitance of the tube paralleled by a net-
work consisting of the grid to plate capacitance in series with the tuned plate
circuit. Because of the resonant plate circuit, the impedance of this parallel net-
work is very high as compared to that of the input capacitance and in this
instance its effect may be neglected. The r-f grid charging current, therefore,
flows through the grid to filament capacitance of the tube and, at 56 mega-
cycles with no plate potential applied, the peak r-f grid charging current is

27rfC l „e - 6.28 X 56 X 10 ,; y 3.5 X 10-'* X 375 ~ 0.461 ampere. At
this frequency, the resistance of the grid lead can be neglected in solving for the

resistance is very small compared to the
of course, is used in evaluating the power

-f grid charging current since its

capacttive reactance of the grid. It,

being dissipated in the lead.
If an RK-37, which is a higher

mu tube than the RK-35 and
hence requires less driving voltage
is used, the r-f grid charging cur-
rent is somewhat smaller and is

6.28 X 56 X 10' ; X 3.5 X 10 '-

X 260 :- 0.32 ampere.
If the plate voltage is applied

and the amplifier perfectly neu-
tralized, there can be no effect
of the plate circuit on the control
grid circuit and the r-f grid charg-
ing current is still determined by
the conditions in the control grid
circuit and will be the same as in

the illustration. It is apparent that
the r-f grid charging current in
neutralized amplifier operation
will be greatest for low mu tubes
requiring a large driving voltage
across a high input capacitance.

In pentodes, variations in the
plate circuit are effectively
screened from the control grid by the screen grid. However, the input capaci-
tance of the average pentode is almost three times as great as that of the
lowest capacitance triode. For this reason, even though the grid driving voltage
is not particularly high, the r-f grid charging current may be serious. For the
RK-20A at 56 megacycles with normal excitation, the grid charging current is

* 28 x 56 v lf> x II X 10 12 X 180 = 0.696 ampere.

F/G.J2

Although the r-f plate voltage is considerably higher than the r-f grid volt-
age, the peak r-f plate charging current in triodes is not quite as serious as
the r-f grid charging current because of the triode's low output capacitance.
Thus, the peak r-f plate voltage of the RK-35 at approximately 70% efficiency
can be shown to be roughly 0.8 times the d-c plate voltage, or 1200 volts.
The peak r-f plate charging current is, therefore, 6.28 X 56 X 10' 1 X 0.4

X t0- ,s X 1200 v.: 0.17 ampere.
The output capacitance of the RK-37 is only 0.2 micromicrofarad and the

peak r-f plate charging current in this case is only 0.085 ampere.
The output capacitance of pentodes, on the other hand, is very high and the

r-f plate charging currents can reach correspondingly high values. Thus, the
output capacitance of an RK-20A is 10 finf. and if the RK-20A were used at
full ratings at 56 megacycles, the peak r-f plate charging current would be
6.28 X 56 X 10* X 10 X 10-' 2 X 1000 == 3.5 amperes.

The peak r-f plate charging current with an unloaded tank is larger than
the loaded value and can be evaluated by assuming the peak r-f plate voltage
to be equal to the d-c plate voltage.

OSCILLATORS When tubes are used as oscillators, the charging currents are
considerably different from those encountered in neutralized

amplifier applications. The r-f plate voltage is transferred into the grid circuit
in such a manner as to give a dynamic input capacitance that can be many
times larger than the static input capacitance of the tube. If the neutralizing
condenser in Fig. J I is omitted, the circuit becomes that of a tuned grid, tuned
plate oscillator. While operating, the input capacitance can be shown to become:

r-f plate volt Cm (dynamic) = Ci„ (static) -f C KP I 1 -f X)
X rz (approx.)

(
> n

r-f grid volt
,JI

In other words, the input capacitance now consists of the static capacitance
plus an additional capacitance transferred from the plate circuit, which is a
function of the grid to plate capacitance of the tube and the ratio of the r-f
plate and grid voltages.

If the RK-35 is considered as a tuned grid, tuned plate oscillator running
under the same conditions as it was as a straight amplifier, the peak r-f plate
voltage is approximately 0.8 X E.j< = 0.8 X 0.8 X 1500 — 1200 volts.
X -= 1200/375 = 3.2.

The dynamic input capacitance is, therefore, 3.5 + 2.7 X (14- 3.2) =
14.8 fi/it.

The r-f grid charging current is now 6.28 X 56 X 10' 1 X 14.8 X 375 —
1 .95 amperes

FIG.J3

The RK-37 will have a higher dynamic input capacitance because the volt-

age gain and hence the transferred capacitance is higher. At the same plate
voltage for the RK-37, X — 1200/260 = 4.62 and the dynamic input capaci-
tance is 3.5 -f- 3.2 (1 + 4.62) = 21.5 fifif., and the peak r-f grid charging
current is 6.28 X 56 X I0r

* X 21.5 X 10-' 2 X 260 - 1 .96 amp.
The peak r-f grid charging current is, therefore, about the same in this par-

ticular case for either the high or the low mu tube. Although the dynamic
input capacitance of the high mu tube is higher, the grid driving voltage is

low enough to compensate.
By lowering the bias it is possible to operate with a high power and voltage

gain. This will increase the dynamic grid capacitance but on the other hand,
the lowered grid voltage approximately compensates for the increased capaci-
tance. The existence of this transferred capacitance can be very easily demon-
strated. For instance, it is known* that in a perfectly neutralized amplifier
the plate circuit has no effect on the grid tuning but that in an oscillator the
detuning effect of the plate circuit is very prominent, particularly if the tube
capacitances are comparable in value to the tuning capacitances.

MODULATED OSCILLATORS If an oscillator is modulated, the r-f plate volt-
age rises to very high values with large trans-

ferred capacitances. The RK-35 is rated for use as a plate modulated amplifier
at a d-c plate voltage of 1250 volts. The peak r-f plate voltage at 100%
modulation is 1250 X 2 X 0.8 — 2000 volts. At the peak of the audio cycle
the dynamic input capacitance is 3.5 -f 2.7 (1 -f 2000/365) = 21 /ifit., and
the peak r-f grid charging current is 21/14.8 X 1.95 - 2.77 amperes.

HARTLEY OSCILLATOR If the oscillator is of the form shown in Fig. J2, the
same conditions hold, since during operation the volt-

age values and phase are the same as in the tuned grid, tuned plate oscillator
that has just been discussed.

DOUBLER SERVICE When a tube is operated as a doubler still different condi-
tions are in effect. It might be thought that the r-f

charging currents in the grid circuit would not be serious since the grid is

operated at one-half the plate circuit frequency. However, this is not the case
since the grid circuit, being at doubler frequency, offers negligible impedance
to the flow of second harmonic current with the result that the plate voltage
drives r-f current through the grid to plate capacitance and then out through
the grid lead to ground, as shown in Fig. ]3. Thus, if the RK-35 we have
been discussing is operated as a doubler from 28 megacycles to 56 megacycles,
the peak r-f plate voltage will be on the order of 1200 volts and the r-f (56
megacycle) grid charging current, limited only by the grid to plate capacitance,
will be 6.28 X 56 X 10" X 2.7 X *0-'* X 1200 = 1.14 amperes
The heating effect of this current added to the heating effect of the charging

current that is the result of the 28 megacycle excitation will give the total grid
had heating. To keep the r-f grid charging current at low values, it is neces-
sary that the doubler tube have a low grid to plate capacitance. Pentodes,
because of their perfect shielding are ideal from this standpoint.

CENERAL It should be remembered that the RK-35 and RK-37. which have
been considered in the foregoing discussion, are special tubes with

very low interelectrode capacitances. The magnitude of the r-f currents in cer-
tain cases has been shown to be several amperes, even for these special tubes.
For tubes of the same power rating, but with large interelectrode capacitances,
the magnitude of the charging currents may be many times greater than those
of the RK-35. If long life is to be expected from such tubes, the ratings must
be drastically reduced at the ultra high frequencies. The presence of seal heat-
ing necessarily entails an expenditure of power. In an oscillator this shows up
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as reduced circuit efficiency, while in an amplifier it shows up as increased
driving power and reduced plate circuit efficiency.

At a given frequency, the grid lead loss is independent of the L/C ratio of

the grid circuit, provided the peak grid voltage is held constant.

TRANSIT TIME EFFECTS At the low frequencies, the grid driving power has
been shown to be entirely a function of the grid

voltage and the electrons collected by the control grid. At the high frequencies,
the grid driving power is increased by losses in the grid leads due to heavy
charging currents. However, at frequencies where the time of flight of the
electrons is comparable to the frequency of operation, still another factor adds
to the active grid loss. This is generally termed the transit time effect.

For example, suppose a single electron is uniformly accelerated between two
points one centimeter apart and at a potential with respect to each other of
100 volts. It will be noted that this voltage and distance is of the same order
as is encountered in electron tubes. The time of flight of the electron between
the two points will be approximately 3.5 billionths of a second t3.5 X 10-"

sec.'. Small as this time may seem, it is the same time required for the com-
pletion of one cycle of a 286 megacycle wave and represents almost 0.2 of the
time required for a complete cycle of a 56 megacycle wave. In practical tubes,
the time of flight is even longer because of space charge effects. Since the time
of flight is proportional to the distance and inversely proportional to the volt-
age, it is obvious that transit time effects can be reduced by the use of close
interelectrode spacing and high operating voltages.

Transit time effects have still not been completely analyzed except possibly
for the case of negative grid tubes where the element following the grid is at
ground potential for r.f. While this can be satisfactorily used to explain the
factors involved in the operation of screen grid tubes, it fails to explain the
operation of triodes as amplifiers or oscillators where the potential of the plate,
i.e.. the element following the control grid, is also varying at a radio frequency
rate. However, a few effects of transit time can be, qualitively at least, demon-
strated for this type of operation.
One of the effects produced by transit time in tubes is to shift the phase

of the r-f grid voltage and current so as to lower the grid impedance. The
electron current that flows into the control grid may be thought of as con-
sisting of three components. The first is the usual component which consists
of the electrons collected by the control grid. This is the current that has been
used to calculate the grid driving power at the lower frequencies. The other two
components are due to currents induced in the control grid circuit by eiectron
motion in the vicinity of the grid. One component is the result of current being
induced in the grid by the electrons approaching the grid while the other com-
ponent is the result of electrons receding from the grid toward the plate. At
low frequencies the density of the electrons in the grid-cathode space is. over
almost the entire cycle of the exciting voltage, the same as the density of the
electrons in the grid-plate space and the grid current components due to elec-
tron motion practically cancel, since they are almost exactly equal and of
opposite phase. However, when the velocity of the electrons becomes compar-
able to the operating. frequency, the electron densities on either side of the grid
are different over a proportionately larger part of the cycle, the displacement
current components no longer cancel, and a current flows into the control grid
which is of such phase as to require additional driving power. This grid loss
must be supplied by the driver tube or by the tube itself depending on whefher
the tube is being used as an amplifier or as an oscillator.

Another effect of transit time is to change the relative phase of the grid
voltage and plate current because of the time required for the electrons to
travel from the giid to the plate. As a result, the grid and plate voltages are
no longer 180° out of phase as they ordinarily are in low frequency operation.
Since a omplete reversal of phase is necessary for proper feedback in an os-
cillator, the efficiency of the oscillator is reduced and a frequency is eventually
reached where operation becomes impossible. In an amplifier, complete neutral-
ization by conventional methods becomes increasingly difficult because such
methods depend also on a 180° phase relationship between the grid and plate
voltages.

TANK IMPEDANCE A third factor which often must be considered in reduc-
ing the ratings but which can be minimized by proper

circuit design is the tank impedance. The parallel, unloaded impedance of an
ultra high frequency tuned circuit is usually very low, even after the L/C ratio
has been reduced to as small a value as ts permitted by the output capacitance
of the tube. A typical circuit might, foe instance, have a parallel impedance
of 5000 ohms. Suppose the optimum load impedance for the tube happened
to be 5000 ohms, then the tank circuit itself, without any antenna loading,
would be an ideal load for the tube. If power is to be removed from such a
tank circuit the transferred resistance will lower the tube toad impedance to
values less than 5000 ohms and the tube will have to operate into a lower
than optimum load impedance with resulting poor efficiency. In addition to
the inefficient tube operation, much power is wasted in the tank because the
tank impedance is of the same order as the load impedance. Practically, this
means that a tube that is rated at approximately 40 milliamperes at 500 volts
and is loaded with a 5000 ohm tank will draw very nearly the rated current
without any additional load and if the circuit is loaded further by means of an
antenna, the plate current will be higher than 40 milliamperes and the plate
dissipation will become excessive.

ULTIMATE FREQUENCY VS. ULTIMATE The ult.mate frequency of opera.
FREQUENCY FOR EFFICIENT OPERATION tion should be carefully differen-

tiated from the ultimate frequency
for efficient operation. The ultimate frequency of operation is the resonant
frequency of the tube elements and is limited usually by the shunting capaci-
tance of the tube and the physical dimensions of the smallest external circuit

without regard to loading or efficiency of operation.
The ultimate frequency for efficient operation is a function of both the

shunting capacitance and loading and is generally very much lower than the ulti-

mate operating frequency,

PUSH-PULL CIRCUITS Push-pull circuits, for instance, divide the shunting ca-
pacitance of one tube by a factor of two. With the

same external circuit as used with one tube, the ultimate frequency is, there-
fore, increased t .4 times the single tube value. However, the ultimate fre-
quency for efficient operation is not increased because the load impedance for

push-pull tubes is double that for a single tube and this completely cancels the
advantage of reduced output capacitance. Push-pull circuits, however, are
usually ideal for other reasons. Their symmetry tends to keep r-f currents
where they belong without recourse to heavy bypassing. Also, in a perfectly
balanced push-pull circuit there is no fundamental r-f current flowing in either
the grid or the plate return leads. This prevents any regeneration or degenera-
tion in these leads and permits them to be somewhat longer than those per-
missible in a single ended circuit.

In transmitters where seal heating may be serious, the heating in push-pull
stages is confined to the plate and grid leads and the filament leads are rela-
tively cool. Since the grid and plate leads of tubes like the RK-32, RK-30
and RK-35-RK-38 series are generally out in the open, they are not only less
susceptible to heating but can also be cooled by external radiators much more
easily than the filament leads in the stem.

BYPASSING AND CROUNDS Adequate bypassing is often difficult to achieve
at the ultra high frequencies because the induc-

tance of the shortest possible lead is often so large that potentials are built up
which seriously affect the performance of the tube or circuit. In a screen grid
tube, it is especially difficult to satisfactorily bypass the screen grid which often
accounts for the poor performance of screen grid tubes at the very high fre-
quencies. If the screen lead is too long there will be appreciable inductive
reactance between the screen and its bypass condenser, allowing the screen
to vary at an r-f potential with resulting instability. For this reason, the screen
by-pass condenser should be tied back to the cathode with the shortest leads
possible. In some cases it may be necessary to debase the tube and so gam
an inch or so on the screen lead within the tube base.

The bypass condensers themselves can cause much trouble, since many that
are used were never intended for operation at the frequencies in question. Very
little capacitance is needed for bypassing but it must be all capacitance, Only
a very small amount of inductance in a condenser is tolerable.

Bypass condensers with a mica dielectric, one plate of which is tied to the
point to be bypassed, the other plate being the chassis itself, are very effec-
tive. The plate can be about 1" square and the mica between 0.002 inch fhick
to 0.004 inch thick. These dimensions will make a condenser of approximately
600 /inf. and 600 working volts for the 0.002 inch thickness, if the mica is

clamped tightly between the plates. For the 0.004 inch thickness, the corre-
sponding values are 300 /ifif. and 1200 working volts.
The bypassing of the cathode, control grid circuit and plate circuit is similarly

critical and the same precautions should be taken as for the screen grid circuit.
All bypasses to ground should be returned by the shortest paths to the element

of the tube that is at ground potential. This is usually the cathode but in some
cases it is the screen grid.

Equipment is best built on a metal chassis or on metal screens attached to a
wooden base so as to insure a solid ground. With such construction, grounds
can quite often be made directly to the chassis or screen at points compara-
tively distant from the element of the tube that is at ground potential and
still give effective bypassing, even though there may be heavy r-f currents in
parts of the chassis or screen. Filaments should be thoroughly bypassed and
for frequencies above 56 megacycles, it is most essential that chokes or reso-
nant lines be used in the filament leads so as to feed in the filament current
at ground potential.

TUBE MATERIALS
The materials used in a radio tube constitute only one of the several factors

that determine the quality and performance of the finished tube- However,
this factor is one of the most important. The following paragraphs list the ma-
terials available for the major structural parts of the tube and discuss the
characteristics that determine the choice of particular materials for each tube
design.

IMPROVINC TUBE AND TANK PERFORMANCE There are two ways in which
the tube and circuit perform-

ance can be improved. One way is to design an improved tuned circuit. This
can be done, assuming that the L/C ratio is optimum, by using the best air
tuning condenser and insulation that is available and by using an inductance of
optimum wire size and form factor.

The performance can also be improved if a tube can be selected that will
operate into a lower load impedance. For instance, if a tube is available that
will work satisfactorily into a 2500 ohm load, the tank can be loaded to this
value with better tank efficiency and better tube efficiency.

LOW LOAD IMPEDANCE TUBES VS. OUTPUT CAPACITANCE This brings
up the prac-

tical questions as to how the load impedance of a tube can be lowered or what
tubes have inherently low load impedance. For instance, if two tubes are used
in parallel, the load impedance required is one-half that for a single tube but
the output capacitance is doubled so there is little to be gained since the in-
creased circuit capacitance lowers the unloaded impedance of the tuned circuit.

The load impedance of a tube has been shown to be proportional to the d-c
resistance of the plate circuit and is equal to approximately 04 times the
operating plate voltage, divided by the operating plate current. Therefore, a
desirable tube is one where the plate current is high compared to the plate
voltage or in other words, one that has a low d-c plate resistance as a Class C
amplifier, but at the same time has a low output capacitance. A good factor
for determining the effectiveness of a tube as regards tube and circuit efficiency
at the high frequencies is the product of the output capacitance and the d-c
plate resistance under Class C conditions. The smaller this value, the better in
general is the tube performance. For example, for the RK-10 as an amplifier
this factor is C„„, X 0.4 E,,/l,, = 4 X 0.4 X 450/65 -

I 1.1 but for a special
high frequency tube like the RK-32, the factor is 0.7 X 0.4 X 1250/100 = 3.5.When the tuned circuit is included as a split coil between the grid and the
plate, as in many high frequency oscillators, the capacitance in question is the
grid to plate capacitance of the tube.

25 Watt
Carbonized

Nickel
Plate
RK-I I

RK-12

40 Watt
Molybdenum

Plate

RK-18
RK-31

CO Watt
Graphite
Plate

RK 51
RK-52

100 Wall
Tantalum

Plate

RK-J6
RK-53
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PLATES The factors that are important in a plate material are ease of fabrica-

tion, mechanical strength, freedom from distortion at high tempera-
tures, heat radiating ability, ease of degassing and freedom from excessive

evaporation at temperatures reached during manufacture or operation. The need
for good mechanical properties is obvious. It is also obvious that it must be

possible to degas the plate during the manufacturing processes to such a degree

that no appreciable amount of gas will be given off after the tube has been
completed, either on standing or during operation.

The plate must dissipate as heat all the energy developed in it by electron

bombardment, and the bulk of this heat must be radiated, for usually only a

small traction is conducted away by the plate supports. The total rate at which
heat is radiated depends on the surface area, the characteristic thermal emis-

sivity of the surface and the temperature. In other words, for a given total plate

dissipation, the plate assumes a temperature that depends on its surface area

and on the heat radiating properties of the plate material. Of course, the loca-

tion of the supports and the radiating fins affect the uniformity of heat distri-

bution over the plate surface and help to determine the maximum temperature.

A relatively large plate running at low temperature will minimize grid emission

due to grid wire temperature and electrolysis due to high stem temperature, as

well as lessen the evaporation of metal which may deposit where it can cause

leakage. On the other hand, a small plate will result in low interelectrode ca-

pacitances whirh are always desirable. In practice the plate size and material

has to be chosen so as to give a suitable compromise between these two general

requirements and also the cost.

MOLYBDENUM Molybdenum has a long and honorable record as a plate ma-
terial in transmitting tubes. It has good mechanical properties.

It has a very hi;h melting point, 2620°C, and appreciable evaporation begins
only at relatively high temperatures, although evaporation in the form of oxide
may occur at lower temperatures. Its surface can be cleaned and fairly com-
pletely degassed by high temperature treatment. Like most metals, molybdenum
is not a good heat radiator when its surface is left bright and smooth, hence
molybdenum plates usually have their outer surfaces roughened by sandblasting
to increase the heat radiating ability.

Tubes with n ojybdenum plates are usually rated to operate with the plates

showing not more than a dull cherry to light red color, 700° to 850°C, at the
hottest spot. Considerably higher temperatures for short periods will not dam-
age the plate itself but, of course, should be avoided because of the danger of

overheating other parts of the tube and permanently damaging the tube by the
evolution of gas or otherwise. The plate color gives a convenient indication

of the plate temperature and may be used to advantage in determining roughly
if the tube is operating properly and within its rating for plate dissipation.

TANTALUM I't ^ome respects tantalum is almost the ideal plate material. It

h.*' good mechanical qualities and a higher melting point, 2850°C,
and a higher evaporation point than molybdenum. It can be more completely
degassed by li'i temperature treatment than molybdenum. Another property
that is of value is its ability to absorb some gases at a relatively high tempera-
ture and thus act as a "getter" for traces of gas given off from other parts of
the tube during operation. All of these factors make tantalum particularly
suitable for use in ultra high frequency tubes where small plate dimensions
are necessary and where it is not desirable to have "getter" deposits on the
bulb. Tantalum is by far the most expensive of the plate materials.

Tantalum plates are commonly operated at a yellowish-red or even orange
temperature. 900° to 1000°C at the hottest part. The plate itself is not dam-
aged by momentary operation at nearly white heat but such operation should
be avoided because it means overheating of the other tube parts. The plate
color can be used as an indicator of overload as with molybdenum. High plate
temperatures usually mean relatively high grid temperatures and so the grids in

tantalum plate tubes must be designed and processed to operate at relatively
high temperatures. Likewise, the plate supports run very hot and must be
widely spaced from other leads in the glass to avoid conduction and electrolysis

in the hot glass.

CRAPHITIZED CARBON In recent years molybdenum has been replaced to
some extent by graphite or graphitized carbon as a

plate material. Plates of this material are machined out of solid rods. Because
of the method of manufacture and greater inherent fragility, as compared to
metal, the walls of graphite plates are always much thicker than those of metal
plates. There are accompanying advantages such as freedom from warping and
good distribution of heat without local hot spots.

Graphitized carbon has a very great absorptive power for gases, which are
driven off again when the temperature of the carbon is raised and it is im-
possible to completely degass it, as additional gas will be given off as ihe
temperature is increased. Long treatment at high temperature is necessary in.

order to remove the gas sufficiently for use as a power tube plate. Severe over-
heating of the plate may even then release a damaging quantity of gas. Un-
less the plate has been properly pretreated there is also danger of loose carbon
particles escaping from the plate and damaging the filament. Carbon does not
melt or actually evaporate at any temperature that can be reached in a radio
tube plate, although it is occasionally deposited on other parts of the tube by
the action of gas in the tube during processing.

Carbon has the outstanding advantage of being an almost perfect heat radi-
ator and at a given temperature will radiate several times as much heat per
unit area as a bright metal. It is usually operated at about the same watts of
heat dissipation per square inch as molybdenum but this corresponds in the
graphite plate to a relatively low temperature, 500° to 600°C, at which no
color or only a very deep brown-red is visible. For this reason the plate color
cannot readily be used as a good indicator of normal plate dissipation. This
low operating temperature results in a somewhat lower temperature in the grid
which is always desirable and in less heat flow along the plate supports which
is also of importance, particularly in tubes where the plate is supported from
the stem.

CARBONIZED NICKEL In this material a heavy layer of carbon has been de-
posited in and on the surface of the nickel base.

Carbonized nickel can be shaped into plates in the same way as molybdenum.
It has the same heat radiating ability as graphitized carbon and much the same
characteristics as regards difficulty of being completely degassed and possibility
of loose carbon particles. The melting point of nickel, 1500°C. is the lowest
of any of the usual plate materials. This limits the temperature to which it

can be raised during processing and the degree to which it can be freed of gas.
Carbonized nickel plates are usually operated at about the same temperature

as graphitized carbon plates and have similar operating characteristics except
that they do not usually have as good heat distribution and will not stand as
much temperature overload without danger of giving off excessive gas.

CLASS BULB AND STEM The heat generated in the tube by the filament and
by electron bombardment of the plate and grid is

removed from each part by conduction through the stem leads to the stem a.nd
by radiation to the bulb. The bulb is very nearly opaque to heat radiation so
that energy reaching the bulb from the inner parts is dissipated by re-radiation
and by convection and conduction in the surrounding air. The temperature of
the bulb rises until ,t is hot enough to dissipate heat as fast as it is received
from the internal parts. The physical size of the bulb is determined largely by
the total wattage that is to be developed in the tube. Excessive bulb or stem
temperature is avoided because it may cause the evolution of gas from the sur-

face of the glass, which may impair the tube performance or life, or it may
result in electrolysis of the glass around the leads and eventual loss of vacuum.

In low power tubes the bulb is of the same type of soft glass used in receiv-

ing tubes, that is, lime or soda glass. In these tubes the bulb size is relatively

large in proportion to the tube wattage.
Higher power tubes are usually made with hard glass, or borate glass in both

stems and bulbs. This is superior to soft glass in that it will stand higher

temperatures during the exhaust process without giving off gas. softening or

becoming conducting. It is stronger and less liable to strain cracks. Hard glass

also causes less dielectric loss when it is subjected to high frequency electric

fields, as around the leads.
, , . , . . u , u

With hard glass the lead-in wires that are sealed in the stem and buio are

usually of expensive tungsten or molybdenum while with soft glass the same

copper-sleeved, nickel steel, lead wires are used as in receiving lubes or in

lamps.

CRIDS The grid materials are chosen for good mechanical characteristics, ease

of cleaning and degassing, and ability to withstand high temperatures.

In low power tubes, the grid side rods are usually of nickel and the mesh wires

are generally of molybdenum. The grid wire must be strong and yet soft

enough to take the proper shape during the grid winding and stretching opera-

tions. It must stand high temperatures during exhaust and operation without

distorting or sagging.
.

In larger power tubes, where the grids may be subjected to higher tempera-

ture than nickel will stand, the side rods are also made of molybdenum and

tantalum mesh wire is used in some tubes. This is chiefly in ultra high fre-

quency tubes where all the parts are kept small and may run very hot. Tanta-

lum has the same advantages here as it has as a plate material. In addition it

has the favorable characteristic of less tendency to emit primary or secondary

electrons than molybdenum when used as grid wire.

BASES Outside of mechanical factors, the choice of base material is important

principally from the standpoints of leakage, dielectric loss and high

voltage insulation. Bakelite is the cheapest material used in amateur tube

bases and is satisfactory in low power tubes where the voltage between pins

is not more than about 600 volts and where the frequency is not very high

or the high frequency leads are not brought through the base.

In other cases and in larger tubes, bases of isolantite or other ceramic is

generally used as this type of material will withstand much higher voltages and

the dielectric loss is only a fraction of that of ordinary bakelite. It also retains

its good insulating and dielectric characteristics at much higher temperatures

than ordinary bakelite. Leads to which very high voltages or very high fre-

quencies are applied are usually brought out through the bulb to a separate

cap or connector so as to permit much wider separation and consequently better

insulation than if brought through the base.

PLATE COLORS OF RAYTHEON AMATEUR TUBES

AT RATED DISSIPATION

Type
RK-10
RK-11
RK-12
RK-18
RK-19
RK-20A
RK-21
RK-22
RK-23
RK-24
RK-25
RK-25B
RK-28
RK-30
RK-31
RK-32
RK-33 2.5
RK-34 10
RK-35 50
RK-36 100
RK-37 50
RK-38 100
RK-39
RK-41
RK-42
RK-43
RK-44
RK-45
RK-46
RK-47

RK-48
RK-49 21

Watts Plate
Dissipation Color

. . . 15 No Color
. . 25 No Color

. . . 25 No Color

. . . 40 Light Cherry

. . .
—• No Color

. . . 40 No Color
. . .

—
. No Color

. . . — No Color
. . 10 No Color

. .. 1.5 No Color

. . . 10 No Color
. . . 10 No Color

. . . 100 Light Cherry

...35 Dull Cherry

. . . 40 Light Cherry

. . . 50 Orange
(one plate I No Color
(both plates) No Color

Lt. Yel. Red
Lt. Yel. Red
Lt. Yel. Red
Lt. Yel. Red

25 No Color
25 No Color— No Color— No Color
12 No Color
10 No Color
40 No Color

50 Dull Cherry

at center of plate if viewed
in the dark.

100 Light Red
. No Color

60 No Color
60 No Color
15 No Color
12 No Color
12 No Color

No Color
. No Color
. No Color
. No Color

RK-51
RK-52
RK-100
841
842
864 —
866 —
866A —
872A —

For colors and temperature, see color chart next to last page

RATINGS OF AMATEUR TUBES
At the present time among the manufacturers of amateur tubes there is no

standard practice for rating these tubes on a comparative basis and for this

reason tubes of approximately the same characteristics are given widely differ-
ent operating ratings depending on the manufacturer. The following is the
rating method used by Raytheon and while it may not be perfect, it is at least

consistent and the results obtained are dependable.
A complete group of transmitting tube ratings may be divided into three gen-

eral parts. The first consists of the fundamental tube characteristics such as
the transconductance, amplification factor, plate resistance, and the interelec-
trode capacitances. The second group consists of the maximum operating rat-
ings and includes such factors as the maximum plate dissipation, maximum space
current, maximum plate voltage and maximum r-f grid current. The third
group is made up of typical operating conditions.
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RAYTHEON AMATEUR TUBES

FUNDAMENTAL AND MAXIMUM OPERATINC RAT1NCS The fundamental
tube characteris-

es are determined by the physical dimensions and location of the grids, plate
and filament and are taken into consideration by the designer in the original

design of the tube. The maximum operating ratings are also taken into con-
sideration by the designer in much the following manner.

Let it be supposed that the tube under consideration is to be a 2000 volt,

100 watt plate dissipation triode intended chiefly for use as a Class C amplifier.

It is known that most Class C amplifiers operate at approximately 70% effi-

ciency. The permissible power input at this efficiency will be 100/0.3 or 333
watts. At 2000 volts, the plate current will be. therefore, 333/2000 or 167
milliamperes. The current to the control grid will be equal to roughly 25% of
this or 42 milliamperes and the total d-c space current will be 167 42 or
209 milliamperes. At the assumed efficiency, the ratio of the maximum peak
plate current to the d-c plate current is such that, for thoriated tungsten fila-

ments, a figure of 5 milliamperes of d-c space current per watt of heating
power may be used to determine the filament power. This is a figure based
on expected deterioration of the filament during life and the peak currents to
be encountered and is subject to considerable variation. For instance, it will

be found that many of the recent tubes, particularly those that are forced to
compete with similar types in the amateur market are running nearer to a
figure of 7.5 milliamperes per watt of heating power. Heater type cathodes are
more efficient emitters and the usual value is about 20 milliamperes/watt. A
thoriated tungsten filament will be used in this tube and the filament power
required will be, therefore, 209/5 or approximately 40 watts.

The total internal tube dissipation is the sum of the plate, grid and filament
dissipations and assuming that the grid loss is very small compared to the plate
loss, the total tube dissipation is HO watts. The designer can now devise a bulb
shape taking into account the bulb material, the total power to be dissipated
by the bulb and the temperature distribution within the bulb.

The plate temperature and the plate size have been already determined by
the plate dissipation and material. The d-c plate voltage is to be 2000 volts
so that the plate will have 1o be sufficiently well insulated from ground, the
grids, and the filament to insure against voltage breakdown, keeping in mind
that the plate voltage rises instantaneously to values that approach twice the
d-c plate voltage of the tube. If the foregoing factors have been properly
taken into account by the designer, the maximum ratings may be used as a
basis for obtaining tentative operating ratings for the tube.

MEASUREMENT OF CHARACTERISTICS The transconductance and amplifica-
tion factor are usually obtained first.

The transconductance varies widely with plate current so that as a standard
value, the transconductance in the vicinity of the maximum Class C d-c plate
current is obtained under static conditions by shifting the grid bias a small
amount and measuring the change in plate current. The transconductance is

then the change in plate current divided by the change in grid voltage. The
amplification factor is not subject to as much variation as the transconductance
and is obtained at the same point by changing the grid voltage a small amount
and determining the change in plate voltage necessary to restore the plate cur-
rent to its original value. The change in plate voltage divided by the change
in grid voltage is the amplification factor.

The interelectrode capacitances are measured by bridge methods. They are
static capacitances and may be different from the dynamic capacitances in
tube operation. The input electrode capacitance is measured between the grid
and all other elements; the output electrode capacitance is measured between
the plate and all other elements; while the grid to plate capacitance is meas-
ured between the grid and the plate with all other elements at ground.

TENTATIVE OPERATINC CONDITIONS Without recourse to measurement or
calculation from the characteristic

curves, it is usually possible to determine approximately many of the expected
operating characteristics. A tentative Class C rating has been used, for in-
stance, to determine the approximate space current in the initial design and,
on the basis of 70% efficiency, the power output is 233 watts at a d-c plate
current of 167 milliamperes and a d-c plate voltage of 2000 volts.
A Class B r-f rating can be developed assuming operation at 33% carrier

efficiency. The Class B carrier input is thus 100/0.67 or 150 watts and the
expected power output is 50 watts. The d-c plate current for the carrier con-
dition is 75 milliamperes for a d-c plate voltage of 2000 volts. Grid bias
modulation values can be developed in the same manner and should give the
same results as Class B R-F as to power output and d-c plate current.

For two tubes a Class B audio rating can be applied assuming 66% efficiency,
the power input will be 2 X 100/0 33 or 600 watts, the d-c plate current will
be 300 milliamperes (two tubes) and the power output will be 400 watts.

Although many advertised tube ra.ings are on a theoretical basis, they can-
not be relied upon to tell the whole story. For instance, at the assumed d-c
plate voltage and current, it may be impossible to swing the plate voltage as
low as that required by the assumed efficiency. Driving power can only be
assumed and little can be determined as to the magnitude of the distortion
that is present in any telephony application. For this reason it is necessary
either to calculate the other factors from the characteristic curves or measure
them in typical setups. At Raytheon we have chosen the latter method, inas-
much as measurements can be quickly made and the effect of adjustments
noted A large number of tubes can be checked to determine the effect of
variations in tube characteristics. Easily variable element voltages permit meas-
urements to be made under widely varying voltage conditions. The procedure
used with this system is approximately as follows:

—

TYPICAL OPERATINC CONDITIONS
CLASS C TELEGRAPHY—PLATE EFFICIENCY Depending on the plate efficiency,

almost any Class C operating
conditions are theoretically possible. For example, many tubes can stand plate
voltages much in excess of the value indicated by the plate current and plate
dissipation at average efficenaes. It is, therefore, possible to have high effi-
ciency Class C operating conditions without exceeding the maximum tube rat-
ings. For instan'e. for the tube in question, the power output at 70% efficiency
is 233 watts, see Fig. El, but if the efficiency is raised to 75% the possible
power input is 100/0.25 or 400 watts and the power output is 300 watts.
Thus, by a 5% increase in efficiency, the power output has been increased by
63 watts or about 27%. At an efficiency of 80%, the power input is 500
watts and the power output is 400 watts or an increase of 163 watts over
the original 70% efficiency figure. However, if the rated d-c plate current is

not to be exceeded at 75% efficiency, the d-c plate voltage required is

400/0.167 or 2400 volts and at 80% efficiency the d-c plate voltage is

500/0.167 or 3000 volts.
Since operation takes place with a high plate voltage and relatively low plate

current, the load impedance is high which in turn requires a very good tank
circuit, if the ratio of the power Tost in the tank circuit to that dissipated in
the load is to be maintained small. The grid bias must be increased, which
icsults in increased driving power, as shown for an RK-38 in Fig. E2. Since
the ratio of the peak current to the d-c current increases, the emitter also
must be able to supply the peak space current demands. An important fact
to remember is that Class C plate efficiency is not entirely tied up with the
tube. It ts more a function of the circuit voltages and currents.

We have selected efficiencies in the order of 70% as a compromise between
power output, power gam and tank circuit efficiency. That this is a reasonable
figure is borne out by the tact that most amateur transmitters operate at
approximately 70% Class C efficiency. If a tube has adequate emission and
is capable of withstanding the increased plate voltage, well and good, the tube
legitimately can be advertised as such but it should be remembered that the
improvement in efficiency required to obtain a high ratio of power output to
plate dissipation is ^ .inetimes difficult to obtain and a less expensive tube that
cannot be expected to stand the increased plate voltage may De more satis-
factory in the long run when all other factors have been duly considered.
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CLASS C TELECRAPHY—DRIVING POWER Another factor that is subject to
considerable variation in operat-

ing a tube is the grid driving power. For linear plate modulation it has long
been customary to bias the tube to double the cutoff value. Such values of bias
result in relatively high values of driving power. The tube will usually operate
at much lower bias values without a very great loss in efficiency, although the
linearity of the plate voltage vs. output current relationship will suffer as a
consequence. This is unimportant for CW operation so that operation may be
obtained at low bias values with excitation requirements that are very much
less than those for telephony.

Most Class C telegraphy ratings have been tinged by phone operation and
are usually at double cutoff and through custom have been set at this value
although smaller biases will often work satisfactorily, particularly with low n
tubes and with less driving power. Dropping the bias for telegraphy, therefore,
greatly improves the power gain without seriously affecting the output power
and before two tubes of comparable amplification factors are to be compared
for driving power they should be compared at some standard value of bias and
the one most commonly used is the double cutoff value.

To rate a tube for Class C telegraphy the bias is, therefore, set at double
the cutoff value and the excitation and loading adjusted until the tube is

operating at approximately 70% efficiency and as nearly as possible at rated
plate current and dissipation. If the tube has been properly designed as to
plate voltage and space current, at 70% efficiency, the plate current will be
very close to the permissible maximum. Crid driving power and the peak r-f

grid voltage are measured by methods that have been described under "Crid
Driving Power and the Exciter".

CLASS C TELEPHONY To rate a tube for Class C telephony, it is necessary to
reduce the d-c plate voltage since at the positive

modulation peaks the instantaneous plate voltage is twice the carrier value.
Rigorously, the carrier plate voltage for telephony should be but 50% of the
telegraphy plate voltage

;
actually the usual reduction is about 25%- The

maximum carrier plate dissipation for telephony is 2/3 of the telegraphy rating
since under modulation the plate dissipation rises by 50%- Although it is im-
possible to obtain exactly linear modulation with a fixed grid bias, actually, at
biases of double cutoff or greater the modulation is quite linear. The bias is.

therefore, fixe r
l at two and one-half times cutoff where the loading and ex-

citation are adjusted not only to give rated telephony plate dissipation at
approximately 70% efficiency but also to insure linearity of modulation. To
check this linearity, either the plate voltage is increased step by step and plotted
against power output over the range from zero to twice the carrier value or a
sinusoidal modulating voltage is applied to the plate and the modulated output
viewed on a cathode ray oscillograph. A maximum total distortion of 5% is

considered permissible.

CLASS C TELEPHONY—CRID BIAS MODULATION AND CLASS B R-F Crid bias
moduta -

tion and Class B R-F operating conditions are somewhat more difficult to decide
upon because of the number of variables that are involved. The procedure
that we have adopted is to tolerate a maximum permissible distortion of 10%
and then from a series of curves determine the maximum power output without
exceeding the permissible plate dissipation or distortion. For grid bias modula-
tion the grid bias is set at a value somewhat greater than cutoff and the circuit
adjusted for maximum output. The grid bias is then increased in steps and
the output plotted. This is done for several values of the initial bias point and
the optimum curve finally selected. Class B linear amplifiers are rated in the
same manner but in this case the excitation is varied while the grid bias re-
mains constant at several values at or less fhan cutoff. Driving power and
modulating power are calculated by methods described under "Driving Power
and the Exciter" and "Modulation". Class B audio ratings are made in a
similar manner to the Class B R-F ratings except, of course, that two tubes
are used.

OPERATION UNDER OTHER CONDITIONS The typical operating conditions
that are obtained by the fore-

going methods are not the only conditions under which tube operation can take
place. They simply represent one set of conditions under which it is known
that the tube will operate satisfactorily. Variations in these conditions are per-
missible provided no one maximum rating is exceeded.

LIFE TESTS Although all of the required ratings can be tentatively developed
by these methods, the job of rating the tube cannot be considered

complete until exhaustive life tests have been made under the expected operat-
ing conditions. Only when a number of tubes have successfully passed such
life tests can the tube rating be called complete.
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RK-10 RAYTHEON AMATEUR TUBES RK-10

TRIODE
POWER AMPLIFIER (^vlT^0

OSCILLATOR
The RK-10 is a triode type power » »

amplifier tube having a thonatcd \~\_/\_
tungsten filament and an isolantite Afi
base. It is designed for use as an
amplifier, oscillator or frequency BOTTOM VIEWOFSOCKET
multiplier.

FILAMENT RATING
Filament Voltage 7.5 volts

Filament Current 1. 25 amp

DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 8 ftfif

Input 3 «,<?

Output fit*

A-F POWER AMPLIFIER—CLASS A
MAXIMUM RATINCS

D C Plate Voltage 425
Plate Dissipation 12

TYPICAL OPERATION

D C Plate Voltage 250 350 425
D C Grid Voltage -23. 5t -32 t ^40 t

D-C Plate Current 10 16 18

Amplification Factor 8 8 8

Plate Resistance 6000 5150 5000
Transconductance 1330 1550 1600

Load Resistance 13000 11000 10200
Power Output 0.4 0.9 1.6

TYPICAL OPERATION

R-F POWER AMPLIFIER OR OSCILLATOR—CLASS

MAXIMUM RATINCS

D-C Plate Voltage- Telegraphy 450
D-C Plate Voltage -Telephony

With Grid Modulation 450
With Plate Modulation 350

D-C Plate Current 65

D-C Grid Current 15

R-F Crid Current 5

Plate Dissipation '5

tGnd Voltage measured from mid-point of a-c operated filament.

volts
watts

volts
volts
ma

ohms
/jmhos
ohms
watts

volts

volts
volts
ma
ma
amp

watts

Telephony Telephony
Grid Plats Telegraphy

Modutat ion M odulatlon

450 350 450 volts
— 1 70 — 100 — 100 volts
40 50 65 ma
1 1 2 1 5 ma
240 200 235 volts
2 .4

::: 2.2 3.2 watts
6 12 19 watts

350* volts

70 * volts

0.7* 9 watts
24 - 48 ~ watts

D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
D-C Grid Current
Peak R-F Input Voltage .

R-F Driving Power
Carrier Power Output . . .

Peak A-F Voltage —Plate
Peak A-F Voltage—Grid .

A-F Modulating Power . .

Peak Power Output

R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINCS

D-C Plate Voltage 450
DC Plate Curicnt I Carrier I 40
Plate Dissipation (Carrier! 12

TYPICAL OPERATION
D-C Plate Voltage 450
D-C Grid Voltage - -60

D-C Plate Current 40
D-C Grid Current 1 .5

Peak R-F Input Voltage 200*
R-F Driving Power 4.1 *

Carrier Power Output 6
Peak Power Output 24 *

*At the peak of the a-f cycle with 100% modulation.

volts
ma

watts

volts

volts
ma
ma

volts
watts
watts
watts

OPERATING NOTES
FREQUENCY RANGE

The RK-10 may be operated at the maximum ratings at frequencies up to 60
megacycles. Above 60 megacycles the reduced efficiency realized requires that

the plate voltage be lowered to prevent the plate dissipation from exceeding
the maximum rated value.

BIAS
At least -40 volts of fixed bias should be used with 450 volts on the plate

to protect the tube in case of failure of the bias or excitation. Additional bias

may be obtained by the use of a grid or cathode resistor.

PLATE TEMPERATURE
The plate of the RK-10 will not show color when operated at the maximum

rated plate dissipation. Dissipations above the rated value should be avoided.

io-

10 u

<t

10 0.

u

tz\to\

AVERAGE PLATE
CHARACTERISTICS

ZOO 300 400 SOO 600 700
PC PL PTE VOLTAGE -VOLTS

AVERAGE CHARAC TERIS TICS
R-F POWER AMPLIFIER-CLASS C
Ee '7.5 v

riC

£> * 450 "DC
-100 "DC

d-c oe/p cueeEnr-MH
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RK-11 RAYTHEON AMATEUR TUBES RK-11

TRIODE
POWER AMPLIFIER

OSCILLATOR

BOTTOM mtfOFSOCKET

D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
D-C Crid Current
Peak R-F Input Voltage
R-F Driving Power . . .

Power Output

The RK-1 1 is a triode type power
amplifier tube having a thoriated
tungsten filament, and an tsolantite

base. It is designed for use as a
power amplifier, oscillator or fre-

quency multiplier.

AMPLIFICATION FACTOR 20
FILAMENT RATING

Filament Voltage 6.3 volts
Filament Current 3 0 amp

DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 7 wit
Input 7 p-iii

Output 0.9 n/if

R-F POWER AMPLIFIER OR OSCILLATOR

—

CLASS C—TELECRAPHY
MAXIMUM RATINGS

D-C Plate Voltage
D-C Plate Current
D-C Crid Current
Plate Dissipation

TYPICAL OPERATION
500

—100
100
21
165
3.1

35

750
105
35
25

750
-120
105
21
170
3.2
55

volts
ma
ma

watts

volts
volts
ma
ma

volts
watts
watts

R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINCS

D-C Plate Voltage
D-C Plate Current (Carrier)
Plate Dissipation (Carrier)

TYPICAL OPERATION
D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
D-C Grid Current
Peak R-F Input Voltage
R-F Driving Power
Carrier Power Output
Peak Power Output
•At the peak of the a-f cycle with 100% modulation.

750
50
25

750
-40
44
1

1 10*
2 *

12
48 *

volts
ma

watts

volts
volts
ma
ma

volts
watts
watts
watts

R-F POWER AMPLIFIER—CLASS C—TELEPHONY
MAXIMUM RATINCS

Plata Grid

Modulation Modulation

D-C Plate Voltage
D-C Plate Current (Carrier)

D-C Crid Current (Carrier) .

Plate Dissipation (Carrier) .

TYPICAL OPERATION

600 750 volts
83 50 ma
35 5 ma
17 25 watts

Plato Grid

Modulation Modulation

500 600 750 volts
-100 -120 — 130 volts

83 85 38 ma
26 24 1.2 ma
160 170 150 volts

3.7 3.7 2.7* watts
28 38 12 watts
500* 600* 30 * volts

21 26 0.5* watts
112* 152* 48 * watts

D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
D-C Grid Current
Peak R-F Input Voltage
R-F Driving Power
Carrier Power Output
Peak A-F Modulating Voltage ....
A-F Modulating Power
Peak Power Output

*At the peak of the a-f cycle with 100% modulation.

OPERATINC NOTES

FREQUENCY RANCE

The construction of the RK-ll allows operation at the maximum ratings at

frequencies up to 60 megacycles. Above 60 megacycles the reduced efficiency
realized requires that the plate voltage be lowered to prevent the plate dissipa-

tion from exceeding the maximum rated value.

BIAS

A fixed bias voltage of at least 30 volts should be used with a plate voltage
of 750 volts in order to protect the tube in case of failure of bias or excita-
tion. The fixed bias may be reduced with lower plate voltage.

PLATE TEMPERATURE

The plate of the RK-1
rated plate dissipation.

will not show color when operated at the maximum
Dissipations above the rated value should be avoided.
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RK-12 RAYTHEON AMATEUR TUBES RK-12

TRIODE
POWER AMPLIFIER

OSCILLATOR
The RK-12 is a high-mu triode

type power amplifier tube having a

thoriated tungsten filament and an
isolantite base. It is designed for

use as a power amplifier, oscillator

or frequency multiplier.

FILAMENT RATING
Filament Voltage
Filament Current

BOTTOM mvtOFSOCKET

6.3
3.0

volts
amp

DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 7 puf
Input 7 Ullf

Output 0.9 (i/if

A-F POWER AMPLIFIER—CLASS B—TWO TUBES

MAXIMUM RATINCS

D C Plate Voltage 750 volts

D-C Plate Current (per tube) 105 ma
Plate Dissipation (per tube) 25 watts

(Averaged over I cycle)

R-F POWER AMPLIFIER—CLASS C—TELECRAPHY
MAXIMUM RATINCS

D-C Plate Voltage 750 volts

D-C Plate Current '05 ma
D-C Grid Current 40 mfl

Plate Dissipation 25 watts

TYPICAL OPERATION

D-C Plate Voltage 500 750 volts

D-C Grid Voltage —100 —100 volts

D-C Plate Current 100 105 ma
D-C Grid Current 32 35 ma
Peak R-F Input Voltage 160 165 volts

R-F Driving Power 4.6 5.2 watts
Power Output 35 55 watts

R-F POWER AMPLIFIER—CLASS C—TELEPHONY
PLATE MODULATION

MAXIMUM RATINCS
D-C Plate Voltage 600 volts

D-C Plate Current 85 ma
D-C Grid Current 40 ma
Plate Dissipation 17 watts

TYPICAL OPERATION

D-C Plate Voltage 500 600 volts

D-C Grid Voltage —100 —100 volts

D-C Plate Current 85 85 ma
D-C Grid Current 27 27 ma
Peak R-F Input Voltage 148 155 volts

R-F Driving Power 3.6 3.8 watts
Carrier Power Output 30 38 watts

A-F Modulating Power 21 26 watts

Peak Power Output 120 152 watts

TYPICAL OPERATION

D-C Plate Voltage 750 volts

D-C Grid Voltage 0 volts

D-C Plate Current I no signal) 50 ma
D-C Plate Current (max. signal) 200 ma
D-C Grid Current (max. signal) 65 ma
Peak A-F Grid Voltage (grid to grid) 129 volts

A-F Driving Power 3.4 watts
Load Resistance (plate to plate) 9600 ohms
Powri Output 100 watts

0PERATINC NOTES
FREQUENCY RANCE
The construction of the RK-12 allows operation at the maximum ratings at

frequencies up to 60 megacycles. Above 60 megacycles reduced efficiency re-

quires that the plate voltage be lowered to prevent the plate dissipation from
exceeding the maximum rated value.

PLATE TEMPERATURE
The plate of the RK-12 will not show color when operated at the rated

plate dissipation. Dissipations above the rated value should be avoided.
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RK-18 RAYTHEON AMATEUR TUBES RK-18

"a?

TRIODE
POWER AMPLIFIER

OSCILLATOR
The RK-18 is a triodc type power

amplifier tube having a thoriated
tungsten filament, a molybdenum
plate and an isolantite base. It is

designed for use as a power ampli-
fier, oscillator or frequency multi-
plier.

FILAMENT RATING

BOTTOM VIEWOFSOCKET

isoipme
4peons
MCOBASE
gjtrv/tjr

Filament Voltage
Filament Current

7.5
3

volts
amp

DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 4.8 nut
Input 6 iwf
Output 1.8 wif

R-F POWER AMPLIFIER OR OSCILLATOR-
CLASS C

MAXIMUM RATINCS
D-C Plate Voltage—Telegraphy
D-C Plate Voltage—Telephony

With Grid Modulation
With Plate Modulation . .

D-C Plate Current
D-C Grid Current
R-F Grid Current
Plate Dissipation

1250

1250
1000
100
40
5
40

volts

volts
volts
ma
ma
amp

watts

TYPICAL OPERATION

D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
D-C Grid Current
Peak R-F Input Voltage .

R-F Driving Power
Carrier Power Output...
Peak A-F Voltage—Plate
Peak A-F Voltage—Grid
A-F Modulating Power
Peak Power OutputPeak Power Output 72 * 25f

*At the peak of the a-f cycle with 100% modulation.

Telephony Telephony Telegraphy

Grid Plate

Modulation Modulation

1250 1000 1250 volts
— 140 —160 — 160 volts
38 80 100 ma
0.5 13 12 ma
150 265 255 volts
3.8* 3.1 2.8 watts
18 64 95 watts

1000* volts

60 * volts
1.5* 40 watts
72 * 256 * watts

R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINCS

D-C Plate Voltage 1250
D-C Plate Current (Carrier! 50
Plate Dissipation (Carrier! 40

TYPICAL OPERATION
D-C Plate Voltage 1250
D-C Grid Voltage —70
D-C Plate Current 40
Peak R-F Input Voltage 160*
R-F Driving Power 2.1 *

Carrier Power Output 18
Peak Power Output 72 *

A-F POWER AMPLIFIER—CLASS B—TWO TUBES
MAXIMUM RATINCS

D-C Plate Voltage 1250
D-C Plate Current (per tube! 115
Plate Dissipation (per tube! 40

(Averaged over 1 cycle!

TYPICAL OPERATION
D-C Plate Voltage 1000 1250
D-C Crid Voltage —45 —60
D-C Plate Current (no signal) 35 35
D-C Plate Current (max. signal I 230 220
D-C Grid Current (max. signal! 38 60
Peak A-F Input Voltage (grid to grid! 268 352
A-F Driving Power 4.3 9
Load Resistance (plate to plate) 12000 18000
Power Output 150 190
*At the peak of the a-f cycle with 100% modulation.

volts
ma

watts

volts
volts
ma

volts
watts
watts
watts

\,(<i|S

volts
ina

a
ma

. .,!(

*ills
ohms
watt,

OPERATING NOTES
FREQUENCY RANCE

The RK-18 may be operated at the maximum ratings at frequencies up to
60 megacycles. Above 60 megacycles, the reduced efficiency realized requires
that the plate voltage be lowered to prevent the plate dissipation from ex-
ceeding the maximum rated value.

BIAS
At least 60 volts of fixed bias should be used with 1250 volts on the plate

to protect the tube in case of failure of the bias or excitation.

PLATE TEMPERATURE
The RK-18 will show a light cherry color (See Plate Temperature Color Scale)

when operated at the maximum rated plate dissipation. Dissipations above the
rated value should be avoided.
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RK-19 RK-19
RK-21
RK-22

TWIN DIODE

FULL-WAVE HICH VACUUM RECTIFIER

RAYTHEON AMATEUR TUBES
RK-22 RK-19

RK-21
RK-22

TWIN DIODE

FULL-WAVE HICH VACUUM RECTIFIER

The RK-19 is a heater type full-wave high vacuum
rectifier tube designed for use in d-c power supplies

delivering approximately 1000 volts d.c. The RK-19
has a low internal voltage drop approaching that of

mercury vapor type tubes and operates without gen-
erating the r-f noise common to mercury vapor tubes.

HEATER RATING
Heater Voltage

Heater Current

MAXIMUM RATINCS
A-C Voltage per Plate

Peak Inverse Voltage

Peak Plate Current per Plate

D-C Output Current
(Condenser input filter)

7.5

2.5

1250

3500
06
0.2

volts

amp

volts

volts

amp
amp

OPERATINC NOTES
CAUTION

The cathode should always be allowed to reach
operating temperature before the plate voltage is

applied. For average conditions this delay should be
at least 30 seconds.

The plate leads from the power transformer should
be of flexible wire to prevent strain on the top caps.

Connection to the top caps should be made with a
clip or spring clamp. The lead wires must not be
soldered to the top caps.

The RK-22 is a heater type full-wave high vacuum
rectifier tube designed for use in d-c power supplies
delivering approximately 1000 volts d.c. The RK-22 has
a low internal voltage drop approaching that of mercury
vapor type tubes and operates without generating the
r-f noise common to mercury vapor tubes.

HEATER RATINC
Heater Voltage
Heater Current

MAXIMUM RATINCS
A-C Voltage per Plate

Peak Inverse Voltage

Peak Plate Current per Plate.

D-C Output Current
(Condenser input filter)

2.5
8

1250

3500
0.6

0.2

volts
amp

volts

volts

amp
amp

OPERATINC NOTES
CAUTION

The cathode should always be allowed to reach operat-
ing temperature before the plate voltage is applied. For
average conditions this delay should be at least 30
seconds.

The plate leads from the power transformer should
be of flexible wire to prevent strain on the top caps.

Connection to the top caps should be made with a clip

or spring clamp. The lead wires must not be soldered
to the top caps.

RK-22

BOTTOM VIEWSOFSOOGTS

RK-21

DIODE

HALF-WAVE HICH VACUUM RECTIFIER

The RK-21 is b heater type half-wave high vacuum rectifier tube designed
for use in d-c power supplies delivering approximately 1000 volts d.c. The
RK-21 has a low internal voltage drop approaching that of mercury vapor
tubes and operates without generating the r-f noise common to mercury vapor
tubes.

HEATER RATINC

Heater Voltage

Heater Current

MAXIMUM RATINCS

A-C Voltage per Plate ,

Peak Inverse Voltage

Peak Plate Current

D-C Output Current (condenser input filter!.

2.5

4

1250

3500
0.6

0.2

volts

amp

volts

volts

amp
amp

OPERATING NOTES

CAUTION

The cathode should always be allowed to reach operating temperature before
the plate voltage is applied. For average conditions this delay should be at
least 30 seconds.

The plate lead from the power transformer should be of flexible wire to pre-
vent strain on the top cap. Connection to the top cap should be made with a
clip or sprinR clamp. The lead wirp must not be soldered to the top cap.
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RK-20A
-\ OH

RAYTHEON AM

IS01871TE
SFROHG
MEPBASE

PENTODE
POWER AMPLIFIER

OSCILLATOR
The RK-20A is a pentode type

power amplifier tube having a thor-
iated tungsten filament, a molyb-
denum plate, a hard glass bulb and
an isolantite base. It is designed
for use as a power amplifier, oscil-

lator or frequency multiplier. The
RK-20A may also be used in circuits

employing suppressor or control grid

modulation.

FILAMENT RATING
Filament Voltage
Filament Current

bottom mwoFSoacn

7.5
3.25

DIRECT INTERELECTRODE CAPACITANCES

volts
amp

0.01
14
12

Grid to Plate
Input
Output

R-F POWER AMP. OR OSC.—CLASS
MAXIMUM RATINCS
D C Plate Voltage—Telegraphy .

D-C Plate Voltage—Telephony
With Control or Sup. Grid Modulation
With Plate Cr Screen Modulation

D-C Screen Voltage
D-C Plate Current
D-C Control Grid Current
R-F Control Grid Current
Plate Dissipation
Screen Dissipation

11/J.f

TYPICAL OPERATION

Telephony
Control

Grid
Modulation

Telephony Telephony

Suppressor Plate &
Grid Screen

Modulation Modulation

1250 volts

1250 volts
1000 volts
300 volts
92 ma
15 ma
5 amp
40 watts
15 watts

Telegraphy

D-C Plate Voltage 1250 1250
D-C Screen Voltage 300 300
D-C Sup. Grid Volt. 0 +45
D-C Con. Grid Volt. —142 —142
D-C Plate Current 40 40
D-C Screen Current 7 7

D-C Con.GridCurrent 1.8 1.8

Screen Resistor — —
Peak R-F Input Volt. 160 160
R-F Driving Power 1.5* 1.5*

Carrier Power Output 17 20
Peak A-F Volt.—Plate — —
Peak A-F Volt.—Crid 30 * 30 *

A-F Modulating Power 0.3* 0.3*

Peak Power Output 68 * 80 '

1250
300

-45
— 100
48
44
1 1.5

140
1.5
21

75 *

0.36*
84

1000
300
0
-100
75
30
10
23000f
145
1.3

52
1000*
300 *

52
208

1250 1250 volts

300 300 volts

0 +45 volts

100 — 100 volts

80 92 ma
43 36 ma
11.5 1 1.5 ma

ohms
155 155 volts

1.6 1.6 watts
64 84 watts

volts
volts
watts
watts

•At the peak of the a-f cycle with 100% modulation.

{Connected to plate end of modulation trans, and by-passed for r.f. only.

Alfc.UK lUdta KK^-rdUA
R-F POWER AMPLIFIER—CLASS B—TELEPHONY

MAXIMUM RATINCS
D-C Plate Voltage 1250 volts

D-C Screen Voltage 300 volts

D-C Plate Current (Carrier! 70 ma
Plate Dissipation (Carrier) 40 watts
Screen Dissipation (Carrier! 15 watts

TYPICAL OPERATION
D-C Plate Voltage 1250 volts

D-C Screen Voltage 300 volts

D-C Suppressor Grid Voltage 0 volts

D-C Grid Voltage —30 volts

D-C Plate Current 43 ma
D-C Screen Current 15 ma
Peak R-F Input Voltage 70* volts

R-F Driving Power 0.5* volts

Carrier Power Output 16 watts
Peak Power Output 64 * watts
*At the peak of the a-f cycle with 100% modulation.

OPERATINC NOTES
FREQUENCY RANGE

The RK-20A may be operated at the maximum ratings at frequencies up to

30 megacycles. At frequencies between 30 megacycles and 60 megacycles the
maximum d-c plate voltage should not exceed 900 volts. The operation of the

tube at frequencies higher than 60 megacycles is not recommended.

EXCITATION
The Class C amplifier characteristic curves show the power output, plate cur-

rent and screen current plotted vs. excitation as denoted by the control grid

current in milliamperes. The power output flattens off around II or 12 ma.
of grid current with very little gained beyond these values. The screen dissipa-

tion increases with excitation and for this reason the excitation should be kept

at a reasonable value.

SCREEN VOLTACE
The screen voltage may be obtained either from a separate source or through

a dropping resistor from the plate supply. The screen should always be by-

passed to the filament midpoint for r.f.

SHIELDING
Shielding of the grid input tuning system from the plate tuning apparatus

is desirable and will provide improved stability. If a shield is applied to the

RK-20A it should enclose the base and extend to the lower internal shield and
should clear the glass bulb by at least 1/16".

BIAS
Battery bias, or at least partial battery bias on the control grid is recom-

mended. Additional bias may be obtained by placing a resistor in series with
the battery.

CRYSTAL OSCILLATOR
Using crystal control, 50 watts of r-f power output may be obtained without

overheating the crystal.

PLATE TEMPERATURE
The plate of the RK-20A will not show color when operated at its rated

plate dissipation. Dissipations above the rated value should be avoided.

300 100 300 600 100 BOO 900
P-C PLRTE VOLTRGB - VOLTS

1000 1100 1200 1300 IO00

80 £«>
Ui l—

70 ft*

AVERAGE CHARACTERISTICS
R-F AMPLIFIER 0R0SCILLRT0R-CLASS£.
Ef -t5

v RC
EP = IZ50 VPC
Ec} -300" PC
Ec3 * +45* PC
Er . = -100" PC

3 4 5 6 7 8 9 10 II 12 13

PC comPOL GRID CUBREHT-MR.

AVERAGE CHARACTERISTICS
SUPPRESSOR GRIP MODULATION
EF -rs

v/ic

Ep'USO'PC
Ect '300

yDC
Ecl --I00 VPC
X,.- 11.5MR DC

-110 -100 -90 10 SO SO -40 -X -20 -10 0 HO *Z0 '30 **0 AS?
P-C SUPPRESSOR GRIP VOLTRGE- VOLTS

'AVERAGE CHARACTERISTICS
COtlTROL GRIP MODULRTIOfi
Ef -T.5 V RC
Ep- 1250" DC
Eol ~ 300" PC
Er.,-*15"PC

-ns -no -nr -no -iss -iso -us -no -135

CONTROL GRIP VOLTROE -VOLTS
ns -no -IIS
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RK-23
RK-25
RK-25B

RAYTHEON AMATEUR TUBES

PENTODE
POWER AMPLIFIER

OSCILLATOR
The RK-23 and the RK-25 are

heater type pentode power amplifier

tubes having isolantite bases. The
RK-25B is similar to the RK-25 ex-

cept that the base is of bakelite.

These tubes are designed for use as

power amplifiers, oscillators or fre-

quency multipliers. They may also

be used in circuits employing sup-
pressor or control grid modulation.

HEATER RATINC BK „

BOTTOM VIEW OF SOCKET

Heater
Heater

DIRECT

Voltage
Current

2.5
2

RK-25
RK-25B
6.3
0.9

volts
amp

INTER ELECTRODE CAPACITANCES

D-C Plate Voltage
With Con or Sup. Grid Modulation
With Plate & Screen Modulation..

D-C Screen Voltage
D-C Plate Current
D-C Control Grid Current
Plate Dissipation
Screen Dissipation

Grid to Plate 0.2

Input 10
Output 10

R-F POWER AMP. OR OSC.—CLASS
MAXIMUM RATINGS

D-C Plate Voltage—Telegraphy .

Telephony

lint

Telephony Telephony Telephony

Control Suppressor Plate i
Grid Grid Screen

Modulation Modulation Modulation

500 500 500 400
200 200 200 150
0 +15 -45 0
125 -125 -90 -90
32 34 31 43
20 20 39 30
1.5 1.5 4 6

8300f
150 150 135 145
1.2* 1 .3* 0.5 0.8

5.5 6.5 6 13.5
400*

45 * 45 « 75 * 150*
0 5* 0.55* 0.3* 14.5
22 * 26 * 24 * 54 *

500 volts

500 volts
400 volts
250 volts

60 ma
10 ma
10 watts
8 watts

Telegraphy

TYPICAL OPERATION

D-C Plate Voltage
D-C Screen Voltage
D-C Sup.GridVoltage
D-C Con GridVolt.
D-C Plate Current
D-C Screen Current
D-C Con.CridCurrent
Screen Resistor
Peak R-F Input Volt.
R-F Driving Power
Carrier Power Output
Peak A-F Volt— Plate
Peak A-F Volt - Grid
A-F Modulating Power
Peak Power Output
*At the peak of the a-f cycle with 100% modulation.
^Connected to plate end of modulation trans, and by-passed for r.f

500 500 volts

200 200 volts

0 +45 volts
-90 —90 volts

50 55 ma
40 38 ma
4 4 ma

ohms
135 135 volts

0.5 0.5 watts
18 22 watts

volts
volts
watts
watts

only.

320 400 480 S60 640 710
D-C PL RTE VOLTAGE-VOLTS

'AVERAGE CHARACTERISTICS
R-F POWER AMPLIFIER-CLASS C
RK-23 ee -t-s>K ^^figS?

RK-25B)

B00 880 360 1040 1120

40^20^

RK-
RK-

23
25

RK-25B
500
250 nlt<:

jj rna
1

0

g watts

500 volts
200 volts
0 volts
38 volts
30 ma
12 ma
80 * volts
0.24* watts
5 watis
20 * watts

R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINGS

D-C Plate Voltage
D-C Screen Voltage
D-C Plate Current (Carrier)

Plate Dissipation (Carrier)

Screen Dissipation (Carrier)

TYPICAL OPERATION
D-C Plate Voltage
D-C Screen Voltage
D-C Suppressor Grid Voltage
D-C Control Grid Voltage
D-C Plate Current
D-C Screen Current
Peak R-F Input Voltage
R-F Driving Power
Carrier Power Output
Peak Power Output
*At the peak of the a-f cycle with 100% modulation.

OPERATING NOTES
FREQUENCY RANCE
The RK-23, RK-25 and RK-25B may be operated at the maximum ratings at

frequencies up to 30 megacycles. Above 30 megacycles the reduced efficiency

realized requires that the plate voltage be lowered to prevent the plate dissipa-

tion from exceeding the maximum rated value.

EXCITATION
The Class C amplifier characteristic curves show the power output, plate cur-

rent and screen current plotted vs. excitation as denoted by the d-c control grid

current in milliamperes. The power output flattens off around 4 or 5 ma. of
grid current with very little gained beyond these values. The screen dissipation
increases with excitation and for this reason the excitation should be kept at a
reasonable value.

SCREEN VOLTAGE
The screen voltage may be obtained either from a separate source or through

a dropping resistor from the plate supply. The screen should always be by-
passed to the cathode for r.f.

SHIELDINC
Shielding of the grid input tuning system from the plate tuning apparatus is

desirable and will provide improved stability. If a shield is applied to the RK-
23, RK-25 or RK-25B, it should enclose the base and extend to the lower in-

ternal shield and should clear the glass bulb by at least 1/16".

BIAS
At least 25 volts of fixed bias should be used with 500 volts on the plate

to protect the tube in case of failure of the bias or excitation. Additional bias
may be obtained by the use of a grid or cathode resistor.

CRYSTAL OSCILLATOR
Using crystal control, 20 watts of r-f power output may be obtained without

overheating the crystal.

PLATE TEMPERATURE
The plate of the RK-23, RK-25 or RK-25B will not show color when operated

at the rated plate dissipation. Dissipations above the rated value should be
avoided.
60-

15 20 3J SO JS 40
PC COIiTROL GRID CURREF1T-MR-

AVERAGE CHARACTERISTICS
SUPPRESSOR GRID MODULATION

E^-SO0"DC RK-23 Ef-2.irAC

-100 SO SO -70 -60 -SO -40 -30 -20 -10 0 HO +20 +30 +40
D-C SUPPRESSOR GRID VOLTRGE-VOLTS

I* a

^2

0 4

AVERAGE CHARACTERISTICS
CONTROL GRID MODULATION
RK-23 ef -?i- YK
RK-25 ]e* 6.3«»c
RK-25B)
E„-SOO vPC

<&

ECZ -200
VDC

EC3 '*4S"PC V*YJ?A
OPERI
poim

TltlQ^

/

/

L—
1

-160 -ISO -140 -130 -120 -110 -100 -90

D-C COnTROL GRIP VOLTRGE - VOLTS

40
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RK-24 RAYTHEON AMATEUR

TRIODE
AMPLIFIER
OSCILLATOR

The RK-24 is a triode type ampli-
fier tube having a coated filament
and an isoiantite base, it is designed
for use as an amplifier or oscillator

in transceivers and portable equip-
ment at ultra-high frequencies. It

wiil supply more power output and
give better life, than the type 30 in

these applications.

FILAMENT RATING
Filament Voltage
Filament Current

BOTTOM VIEWOFSOCKET

2.0 d-
0.12

DIRECT INTER ELECTRODE CAPACITANCES

Grid to Plate
Input
Output ....

A-F AMPLIFIER—CLASS A

MAXIMUM RATINCS

D-C Plate Voltage
Plate Dissipation .

5.5
3.5
3.0

180
1.5

volts
amp

volts
watts

TYPICAL OPERATION

D-C Plate Voltage . .

D-C Grid Voltage . . .

D-C Plate Current . .

Amplification Factor
Plate Resistance . . . .

Transconductance . . .

Load Resistance
Power Output

90 135 180 volts

-4.5 -13.5 volts

4.5 6 8 ma
8 8 8
5500 5300 5000 ohms
1450 1500 1600 /imhos
5000 9000 12000 ohms
25 1 10 250 mw

AVERAGE PLATE CHARACTERISTICS
Ef m Z.0 y PC

t (

*

/-

i
hi J

?A
v<7n

i

TV 1 l

1 .

ll
I

1

1

J-l

4

f $/
7

l~t

^ /

7

1

I / ,

/ j

/ /

75 100 125 ISO I7S 200

P-C PLATE VOLTRGB - VOLTS

215 250 175 300

TUBES
R-F AMPLIFIER OR OSCILLATOR-

RK-24
-CLASS C

MAXIMUM RATINCS
D-C Plate Voltage
D-C Plate Current
D-C Crid Current .

Plate Dissipation

TYPICAL OPERATION
D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
D-C Grid Current
Peak R-F Input Voltage
R-F Driving Power
Power Output

180
20
6
1.5

180
-45
16.5
6
92
0.5
2

volts
ma
ma

watts

volts
volts
ma
ma

volts
watts
watts

OPERATING NOTES
FREQUENCY RANCE

The RK-24 is particularly adapted for use in circuits operating at frequencies

from 60 to I 12 megacycles.

FILAMENT VOLTACE
The filament voltage at the socket of the RK-24 should be maintained at

2 volts in order to insure long life.

PLATE TEMPERATURE
The plate of the RK-24 will not show color when operated at the maxinvim

rated dissipation. Dissipations above the rated value should be avoided.

TRANSCEIVER
The circuit below is the "Minute Man" receiver converted for use as a trans-

ceiver as shown in A.R.R.L.'s QST-magazine for September 1936.

—Two-plate midget variable, R
(

low loss R..— 100 /1(tfd. R;,—0.25 »fd. R

,

—0. 1 /<fd. L,— 10 turns No. 14, inch inside diameter, spaced diameter of wire.
Transceiver Transformer.

-3 ohms
-10,000 ohms
-5 megohms.
-50.000 ohms variable
-Four turns in flat spiral

-45 turns No. 25 cotton-covered wire, inside diameter V4 inch, close wound
and self-supporting.

AVERAGE CHARACTERISTICS
R-F POWER AMPLIFIER-CLASS C

Ef-2.0" PC
E.'I80 VPC

1
1 '

0. £

Vi-
ae

Es --45" DC

1

1

%

1

e*l—
f-

1

1

FFIClEt ,CY _

oPEem
POINT

ihg ^

1

I

s
1

2 3 4 5
D-C GRID CURRENT- MR
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RAYTHEON AM

J
BRY0I1ET

PENTODE
POWER AMPLIFIER

OSCILLATOR
The RK-28 is a pentode type

power amplifier tube having a thor-
iated tungsten filament, a molyb-,. .

denum plate, a hard glass bulb and\£.
an isolantite base. It is designed
for use as a power amplifier, oscil-

lator or frequency multiplier. The
RK-28 nr\ay also be used in circuits

employing suppressor or control grid qqTTQMVIEWOFSOCKfJ
modulation.

FILAMENT RATING
Filament Voltage 10 volts

Filament Current 5 amp

DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 0.02 nftf

Input 15 ftftf

Output 15 ftnf

R-F POWER AMP. OR OSC.—CLASS C
MAXIMUM RATINGS

D-C Plate Voltage—Telegraphy
D-C Plate Voltage—Telephony

With Con. Grid or Sup. Grid
Modulation

With Plate—Screen Mod.
D-C Screen Voltage
D-C Plate Current
D-C Control Grid Current ....
R-F Control Crid Current ....
Plate Dissipation 100
Screen Dissipation 35

2000

2000
1500
400
150
25

volts

volts
volts
volts
ma
ma
amp

watts
watts

TYPICAL OPERATION

D-C Plate Voltage
D-C Screen Voltage
D-C Sup. Grid. Volt.

D-C Con. Crid Volt.

D-C Plate Current
D-C Screen Current
D-C Con. Grid Current
Screen Resistor
Peak R-F Input Volt.
R-F Driving Power
Carrier Power Output
Peak A-F Volt -Plate
Peak A-F Volt. - Grid
A-F Modulating Power
Peak Power Output
sAt the peak of the

Telephony Telephony Telephony Telegraphy
Control Suppressor Plate &
Grid Grid Screen

Modulation Modulation Modulation

2000 2000 2000 1500 150C 2000 2000 volts

400 400 400 400 400 400 400 volts

0 +45 -45 0 + 45 0 + 45 volts

1 40 — 1 40 — 100 --100 100 100 — 100 volts

85 80 85 135 135 120 150 ma
20 20 65 64 52 75 55 ma
4 4 13 13 13 13 13 ma

17000i 210001 ohms
170 170 150 170 170 170 170 volts

3.5 * 3.5 * 1.8 2.0 2.0 2.0 2.0 watts
70 75 60 135 155 160 210 watts

1 500* 1 500* volts

50 * 50 * 90 * 400 * 400 * volts

1 .0 * 1 .0 * 1.2 * 150 140 watts
280- 300* 240* 540 * 620 * watts

a-f cycle with 100% modulation.
{Connected to plate end of modulation trans, and by-passed for r.f.

240-

only.

ATEUR TUBES RK-28
R-F POWER AMPLIFIER—CLASS B—TELEPHONY

MAXIMUM RATINGS
D-C Plate Voltage 2000 volts

D-C Screen Voltage 400 volts

D-C Plate Current 80 ma
Plate Dissipation (Carrier! 100 watts
Screen Dissipation (Carrier) 35 watts

TYPICAL OPERATION
D-C Plate Voltage 2000 volts

D-C Screen Voltage 400 volts

D-C Suppressor Crid Voltage 0 volts

D-C Control Crid Voltage —38 volts

D-C Plate Current 75 ma
D-C Screen Current 30 ma
Peak R-F Input Voltage 90 * volts

R-F Driving Power 0.9 * watts
Carrier Power Output 50 watts
Peak Power Output 200* watts

*At the peak of the a-f cycle with 100% modulation.

OPERATINC NOTES
FREQUENCY RANCE
The RK-28 may be operated at the maximum ratings at frequencies up to

30 megacycles. Above 30 megacycles the reduced efficiency realized requires

that the plate voltage be lowered to a maximum of 1500 volts to prevent the
plate dissipation from exceeding the maximum rated value. The operation of

the tube at frequencies higher than 60 megacycles is not recommended.

EXCITATION
The Class C amplifier characteristic curves show the power output, plate cur-

rent and screen current plotted vs. excitation as denoted by the d-c control grid

current in milliamperes. The power output flattens off around 12 or 13 ma. of

grid current with very little gained above these values. The screen dissipation

increases with excitation and for this reason the excitation should be kept at

a reasonable value.

SHIELDING
Shielding of the grid input tuning system from the plate tuning apparatus

is desirable and will provide improved stability. If a shield is applied to the
RK-28 it should enclose the base and extend to the lower internal shield and
should clear the glass bulb by at least 1/16".

BIAS
At least 20 volts of fixed bias should be used with 2000 volts on the plate

to protect the tube in case of failure of the bias or excitation. Additional bias

may be obtained by the use of a grid or cathode resistor.

CRYSTAL OSCILLATOR
Using crystal control, 150 watts of r-f power output may be obtained with-

out overheating the crystal.

PLATE TEMPERATURE
The plate of the RK-28 will show a light red color (See Plate Temperature

Color Scale! when operated at the maximum rated plate dissipation. Dissipa-

tions above the rated value should be avoided.
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RAYTHEON AM

TRIODE _
POWER AMPLIFIER

OSCILLATOR
The RK-30 is a triodc type power

amplifier tube having a thoriated
tungsten filament, a molybdenum
plate and an isolantite base. It is

designed for use as a power ampli-
tier, oscillator or frequency MTT0MmwrSKKET

AMPLIFICATION FACTOR 15

FILAMENT RATING
Filament
Filament

Voltage 7.5
Current 3.25

volts
amp

DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 2.5 puf
Input 2.75 ii/if

Output 2.75

R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C

put

MAXIMUM RATINGS
D-C Plate Voltage—Telegraphy
D-C Plate Voltage—Telephony

With Grid Modulation
With Plate Modulation

D-C Plate Current
D-C Grid Current
Plate Dissipation—Telegraphy
Plate Dissipation—Telephony

With Grid Modulation (Carrier)

With Plate Modulation (Carrier)

1250

1250
1000
80
25
35

35
23

volts

volts
volts
ma
ma

watts

watts
watts

TYPICAL OPERATION
Telephony Telephony Telegraphy

D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
D-C Grid Current
Peak R-F Input Voltage
R-F Driving Power
Carrier Power Output
Peak A-F Modulating Voltage . . .

A-F Modulating Power
Peak Power Output

*At the peak of the a-f cycle with 100% modulation

Grid Plato

Modulation Modulation

1250 1000 1250 volts
— 140 -200 -180 volts
40 80 90 ma
1.5 15 18 ma
170 320 320 volts
1.5* 4.5 5.2 watts
18 60 85 watts
60 * 1000* volts
0.5* 40 watts
72 * 240 * watts

ATEUR TUBES RK-30
R-F POWER AMPLIFIER—CLASS B—TELEPHONY

MAXIMUM RATINCS
D-C Plate Voltage 1250 volts

D-C Plate Current (Carrier) 55 ma
Plate Dissipation (Carrier) 35 watts

TYPICAL OPERATION
D-C Plate Voltage 1250 volts

D-C Grid Voltage

—70

volts

D-C Plate Current ' 40 ma
D-C Grid Current 1.3 ma
Peak R-F Input Voltage 200* volts

R-F Driving Power 2.5 * watts
Carrier Power Output 18 watts
Peak Power Output 72 * watts

A-F POWER AMPLIFIER—CLASS B—TWO TUBES
MAXIMUM RATINCS

D-C Plate Voltage 1250 volts

D-C Plate Current (per tube) 80 ma
Plate Dissipation (per tube) 35 atts

(Averaged over 1 cycle)

TYPICAL OPERATION
D-C Plate Voltage 1250 volts

D-C Grid Voltage

—70

volts

D-C Plate Current (no signal) 30 ma
D-C Plate Current (max. signal) 130 ma
D-C Grid Current (max. signal) 26 ma
Peak A-F Input Voltage (grid to grid) 300 volts

A-F Driving Power 3.4 watts
Load Resistance (plate to plate) 21000 ohms
Power Output 106 watts
*At the peak of the a-f cycle with 100% modulation.

OPERATINC NOTES
FREQUENCY RANCE

The RK-30 may be operated at the maximum ratings at frequencies up to

60 megacycles. At frequencies between 60 megacycles and 120 megacycles
the maximum d-c plate voltage should not exceed 1000 volts. Above 120
megacycles the maximum d-c plate voltage should not exceed 750 volts.

BIAS
At least 55 volts of fixed bias should be used with 1250 volts on the plate

to protect the tube in case of failure of the bias or excitation. The fixed bias

may be reduced with lower plate voltages.

PLATE TEMPERATURE
The plate of the RK-30 will show a dull, cherry red color (See Plate Tempera-

ture Color Scale) when operated at the maximum rated plate dissipation. Dissi-

pations above the rated value should be avoided.
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RK-31 RAYTHEON AMATEUR TUBES RK-31

TRIODE
POWER AMPLIFIER

OSCILLATOR
The RK-3 1 is a high-mu triode

power amplifier tube having a thori-

ated tungsten filament, a molyb-
denum plate and an isolantite base.
1 1 is designed for use as a power
ampiif ter, oscillator or frequency BOTTOM VIEW OFSOCKE
multiplier.

FILAMENT RATING
Filament Voltage 7.5 volts
Filament Current 3.0 amp

DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 10 fi^i

Input 7 fifif

Output 2 nnf

A-F POWER AMPLIFIER—CLASS B—TWO TUBES

MAXIMUM RATINGS

D-C Plate Voltage 1250
D-C Plate Current < per tube) 115
Plate Dissipation iper tube) 40

i Averaged over ! cycle I

TYPICAL OPERATION
D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current (no signal)
D-C Plate Current (max. signal)
D-C Grid Current (max. signal)
Peak A-F Input Voltage 'grid to grid)
A-F Driving Power
Load Resistance (plate to plate)
Power Output

volts
ma

watts

1000 1250 volts
0 0 volts
25 35 ma
230 220 ma
65 76 ma
Ml 141 volts
3.7 4.4 watts
1 1000 18000 ohms
160 190 watts

R-F POWER AMPLIFIER—CLASS C—TELECRAPHY
MAXIMUM RATINGS

D-C Plate Voltage 1250 volts

D-C Plate Current 100 ma
D-C Grid Current 35 ma
R-F Grid Current 5 amp
Plate Dissipation 40 watts

TYPICAL OPERATION
D-C Plate Voltage 1250 volts

D-C Grid Voltage

—80

volts

D-C Plate Current : 100 ma
D-C Grid Current 30 ma
Peak R-F Input Voltage 145 volts

R-F Driving Power 3.9 watts
Power Output 90 watts

R-F POWER AMPLIFIER—CLASS C—PLATE MODULATION
MAXIMUM RATINCS

D-C Plate Voltage 1000 volts

D-C Plate Current 100 ma
D-C Crid Current 35 ma
Plate Dissipation 30 watts

TYPICAL OPERATION
D-C Plate Voltage 1000 volts

D-C Crid Voltage

—80

volts

D-C Plate Current 100 ma
D-C Grid Current 28 ma
Peak R-F Input Voltage 140 volts

R-F Driving Power 3.5 watts
Carrier Power Output 70 watts
A-F Modulating Power 50 watts
Peak Power Output 280 watts

OPERATINC NOTES
FREQUENCY RANCE

The RK-31 may be operated at the maximum ratings at frequencies up to

30 megacycles. Above 30 megacycles the reduced efficiency realized requires

that the plate voltage be lowered to prevent the plate dissipation from exceed-
ing the maximum rated value.

PLATE TEMPERATURE
The plate of the RK-31 will show a light cherry red color (See Plate Tem-

perature Color Scale) when operated at the maximum rated plate dissipation.

Dissipations above the rated value should be avoided.

too 000 1000 1100
D C PLHTE VOLTftGE- VOLTS

AVERAGE CHARACTERISTICS
R-FPOWER AMPLIFIER-CLASS C
Cf - 7.S VHC
Cf 'IZS0"DC
sc --so

vpc

7.S 10.0 IIS ISO ITS 20.0 2ZS 2S0 ITS 30.0 MS
PC GRIP CURREtiT-Mt).

AVERAGE CHARACTERISTICS
f)-F POWER AMPLIFIER -CLASSB-TWO TUBES -

h

10 £0 30 40 50 60 TO SO
R-F GRIPTOGRIP V0LTR6E-V0LTS RMS
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RK-32 RAYTHEON A

TRIODE
POWER AMPLIFIER

OSCILLATOR
The RK-32 is a triode type power

amplifier tube having a thoriated
tungsten filament, a tantalum plate
and grid, a hard glass bulb and an
isolantite base. It is designed for
use as a power amplifier, oscillator

or frequency multiplier.

AMPLIFICATION FACTOR "
FILAMENT RATING

Filament Voltage 7.5
Filament Current 3.25

BOTTOM YICW OF SOCKET

volts
amp

INTERELECTRODE CAPACITANCES

nnf

DIRECT
Grid to Plate 3.4
Input 2.5
Output 0.7

R-F POWER AMPLIFIER—CLASS C—TELECRAPHY
MAXIMUM RATINGS

D-C Plate Voltage
D-C Plate Current
D-C Grid Current .

Plate Dissipation .

D-C Plate Voltage ....
D-C Grid Voltage
D-C Plate Current ....
D-C Grid Current
Peak R-F Input Voltage
R-F Driving Power ....
Power Output

TYPICAL OPERATION

R-F POWER AMPLIFIER—CLASS B

—

MAXIMUM RATINCS
D-C Plate Voltage
D-C Plate Current
Plate Dissipation

TYPICAL OPERATION
D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
Peak R-F Input Voltage
R-F Driving Power
Carrier Power Output
Peak Power Output
*At the peak of the a-f cycle with 100% modulation.

1250 volts
100 ma
25 ma
50 watts

1250 volts
-225 volts

100 ma
14 ma
380 volts
4.8 watts
90 watts

EPHONY

1250 volts
66 ma
50 watts

1250 volts
-120 volts
50 ma
200* volts
2.5 * watts
21 watts
84 watts

MATEUR TUBES RK-32
R-F POWER AMPLIFIER—CLASS C—TELEPHONY

MAXIMUM RATINCS

Grid Plats

Modulation Modulation

D-C Plate Voltage 1250 1000 volts

D-C Plate Current (Carrier! 100 100 ma
D-C Grid Current (Carrier! 25 25 ma
Plate Dissipation (Carrier) 50 32 watts

TYPICAL OPERATION

D-C Plate Voltage 1250 1000 volts

D-C Grid Voltage —200 —310 volts

D-C Plate Current 60 100 ma
D-C Grid Current 1.2 21 ma
Peak R-F Input Voltage 235 415 volts

R-F Driving Power 5 "' 8.7 watts

Carrier Power Output 25 70 watts

Peak A-F Modulating Voltage 100* 1000* volts

A-F Modulating Power 2.1 * 50 w*tts

Peak Power Output 100* 280 * watts

*At the peak of the a-f cycle with 100% modulation.

OPERATING NOTES

FREQUENCY RANCE

The RK-32 may be operated at the maximum ratings at frequencies up to
150 megacycles. Above 150 megacycles the reduced efficiency realized requires
that the plate voltage be reduced to prevent the plate dissipation from exceed-
ing the maximum rated value. The operation of the tube at frequencies higher
than 300 megacycles is not recommended.

BIAS

At least 90 volts of fixed bias should be used with 1250 volts on the plate
to protect the tube in case of failure of the bias or excitation. Additional bias
may be obtained by the use of a grid or cathode resistor.

PLATE TEMPERATURE

The plate of the RK-32 will show an orange color (See Plate Temperature
Color Scale) when operated at the maximum rated plate dissipation. Dissipa-
tions above the rated value should be avoided.
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RK-33 RAYTHEON AMATEUR TUBES RK-33

TWIN TRIODE
AMPLIFIER
OSCILLATOR

The RK-33 is a heater type twin
triode amplifier tube having an iso-

lantite base. It is designed for use
in circuits where but one triode is

operated at the maximum ratings.
One triode may be operated at the
maximum ratings as a Class C am-
plifier or oscillator while the other
triode is operated as a low power
oscillator, resistance coupled ampli-
fier or detector.

BOTTOM VIEW OFSOCKET

R-F POWER AMPLIFIER—CLASS C—TELECRAPHY—ONE TRIODE

MAXIMUM RATINGS
D-C Plate Voltage 250 volts

D-C Plate Current 20 ma
D-C Grid Current 6 ma
Plate Dissipation 2.5 watts

TYPICAL OPERATION
D-C Plate Voltage 250 volts

D-C Grid Voltage —60 volts

D-C Plate Current 20 ma
D-C Grid Current 6 ma
Peak R-F Input Voltage 100 volts

R-F Driving Power 0.54 watts
Power Output 3.5 watts

HEATER RATING
Heater Voltage
Heater Current

6.3
0.6

DIRECT INTERELECTRODE CAPACITANCES
Left Triode Right Triode

Grid to Plate 3 2
Input 3 2
Output 2.5 2.5

A-F AMPLIFIER—CLASS A—ONE TRIODE
MAXIMUM RATINCS

D-C Plate Voltage 250
Plate Dissipation 2.5

TYPICAL OPERATION
D-C Plate Voltage 250
D-C Grid Voltage —16.5
D-C Plate Current 8
Amplification Factor 10.5
Plate Resistance 8750
Transconductance 1200
Load Resistance 20000

volts
amp

volts
watts

volts
volts
ma

ohms
/imhos
ohms

OPERATING NOTES
FREQUENCY RANCE
One triode of the RK-33 may be operated at the maximum ratings at fre-

quencies up to 60 megacycles. Above 60 megacycles the reduced efficiency
realized requires that the plate voltage be reduced to prevent the plate dissi-

pation from exceeding the maximum rated value.

BIAS
At least 15 volts of fixed bias should be used with 250 volts on the plate

to protect the tube in case of failure of the bias or excitation.

PLATE TEMPERATURE
The plate of the RK-33 will not show color when operated at the maximum

rated plate dissipation. Dissipations above the rated value should be avoided.
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RK-34 RAYTHEON AMATEUR TUBES RK-34

TWIN TRIODE
POWER AMPLIFIER

OSCILLATOR
The RK-34 is a heater type twin

triode power amplifier tube having
an isolantite base. It is designed for

use as a power amplifier, oscillator

or frequency multiplier.

HEATER RATING
Heater Voltage
Heater Current

BOTTOM YI£W OFSOCKET

6.3
0.8

volts
amp

DIRECT INTERELECTRODE CAPACITANCES—EACH TRIODE

Grid to Plate
Input
Output

2.7
4.2
0.8

R-F POWER AMPLIFIER OR OSCILLATOR—PUSH-PULL

—

CLASS C

MAXIMUM RATINGS

D-C Plate Voltage 300 volts

D-C Plate Current (both triodes) 80 ma
Plate Dissipation (botli triodes) 10 watts

(Averaged over 1 cycle)

TYPICAL OPERATION

D-C Plate Voltage 300 volts

D-C Grid Voltage —36 volts

D-C Plate Current 80 ma
D-C Crid Current 20 ma
Peak R-F Input Voltage (grid to grid) 196 volts

R-F Driving Power 1.8 watts
Power Output 16 watts

A-F POWER AMPLIFIER—CLASS B
MAXIMUM RATINCS

D-C Plate Voltage 300 volts
Peak Plate Current (both triodes) 125 ma
Plate Dissipation (both triodes) 10 watts

(Averaged over 1 cycle)

TYPICAL OPERATION
D-C Plate Voltage 180 300 volts
D-C Grid Voltage —6 —15 volts
D-C Plate Current (no signal) 30 30 ma
D-C Plate Current (max. signal) 70 70 ma
D-C Grid Current (max. signal) 16 12 ma
Peak A-F Input Voltage (grid to grid) 100 100 volts
A-F Driving Power 0.7 0.5 watts
Load Resistance I plate to plate) 6000 10000 ohms
Power Output 7.8 13 watts

A-F POWER AMPLIFIER—CLASS A
(Two Triodes Connected in Parallel)

MAXIMUM RATINCS
D-C Plate Voltage 300 volts
Plate Dissipation 10 watts

TYPICAL OPERATION
D-C Plate Voltage 300 volts
D-C Crid Voltage —16 volts
D-C Plate Current 25 ma
Amplification Factor 13
Plate Resistance 2950 ohms
Transconductance 4400 ^imhos
Load Resistance 5000 ohms
Power Output 0.8 watts

OPERATINC NOTES
FREQUENCY RANCE
The RK-34 may be operated at the maximum ratings at frequencies up to

240 megacycles. Above 240 megacycles the reduced efficiency realized requires
that the plate voltage be lowered to prevent the plate dissipation from exceed-
ing the maximum rated value.

BIAS
At least 15 volts of fixed bias should be used with 300 volts on the plate

to protect the tube in case of failure of the bias or excitation.

PLATE TEMPERATURE
The plates of the RK-34 will not show color when operated at the maximum

rated plate dissipation. Dissipations above the rated value should be avoided.
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RK-35 RAYTHEON AMATEUR TUBES RK-35

TRIODE
POWER AMPLIFIER

OSCILLATOR
The RK-35 is a triode type power

amplifier tube having a tantalum
plate and grid and an isolantite

base. It is designed for use as a
power amplifier, oscillator or fre-

quency multiplier.

AMPLIFICATION FACTOR 9

FILAMENT RATINC

BOTTOMYIEYiOFSOCKET

Filament Voltage
Filament Current

7.5
4

volts
amp

DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate 2.7
Input 3.5
Output 0.4

R-F POWER AMPLIFIER OR OSCILLATOR-
TELEGRAPHY

-CLASS C—

MAXIMUM RATINGS

D-C Plate Voltage
D-C Plate Current
D-C Grid Current .

Plate Dissipation

TYPICAL OPERATION

D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
D-C Crid Current
Peak R-F Input Voltage
R-F Driving Power
Power Output

1500 volts

125 ma
20 ma
50 watts

1500 volts
-250 volts

115 ma
15 ma
375 volts
5 watts
120 watts

R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINCS

D-C Plate Voltage 1500
D-C Plate Current (Carrier) 50
Plate Dissipation (Carrier) 50

TYPICAL OPERATION
D-C Plate Voltage
D-C Crid Voltage
D-C Plate Current ....
D-C Crid Current
Peak R-F Input Voltage
R-F Driving Power ....
Carrier Power Output .

Peak Power Output . .

1500
-180
37
0
280*
2 *

25
100*

R-F POWER AMPLIFIER—CLASS C—TELEPHONY
MAXIMUM RATINCS

volts
ma

watts

volts
volts
ma
ma

votts
watts
watts
watts

Grid Plato

Modulation Modulation

1500 1250 volts

50 125 ma
50 66 watts

Grid Plate

Modulation Modulation

1500 1250 volts
—250 -250 volts

50 100 ma
0 14 ma
230 365 volts
1.7 * 4.6 watts
25 93 watts
100* 1250* volts

0.3 * 63 watts
100* 372 * watts

D-C Plate Voltage
D-C Plate Current (Carrier)

Plate Dissipation (Carrier)

TYPICAL OPERATION

D-C Plate Voltage
D-C Crid Voltage
D-C Plate Current
D-C Grid Current
Peak R-F Input Voltage
R-F Driving Power
Carrier Power Output
Peak A-F Modulating Voltage
A-F Modulating Power
Peak Power Output

*At the peak of the a-f cycle with 100% modulation.

0PERATINC NOTES
FREQUENCY RANCE

The RK-35 may be operated at the maximum ratings at frequencies up to

60 megacycles. At frequencies between 60 megacycles and 120 megacycles,
the maximum d-c plate voltage should not exceed 1000 volts. Above 120
megacycles the maximum d-c plate voltage should not exceed 750 volts.

BIAS
At least 170 volts of fixed bias should be used with 1500 volts on the plate

to protect the tube in case of failure of the bias or excitation. The fixed bias

may be reduced at lower plate voltages.

PLATE TEMPERATURE
The plate of the RK-35 will show a light yellowish red color (See Plate Tem-

perature Color Scale) when operated at the maximum rated plate dissipation.

Dissipations above the rated value should be avoided.
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RAYTHEON AMATEUR TUBES RK-36

TRIODE
POWER AMPLIFIER

OSCILLATOR
The RK-36 is a triode type power

amplifier tube having a thoriated
tungsten filament, a tantalum plate
and grid, a hard glass bulb and an
isolantite base. It is designed for

use as a power amplifier, oscillator

or frequency multiplier.

FILAMENT RATING
Filament Voltage
Filament Current

sioecnp |»Mwfr

BOTTOM VIEW0FS0CKCT

5.0
8.0

volts
amp

DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 5 ft/if

Input 4.5 w«f
Output 1.0 ft/if

R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C

—

TELECRAPHY
MAXIMUM RATINCS

D-C Plate Voltage
D-C Plate Current
D-C Grid Current
Plate Dissipation

TYPICAL OPERATION
D-C Plate Voltage
D-C Grid Voltage —360
D-C Plate Current ....

"""

D-C Grid Current
Peak R-F Input Voltage
R-F Driving Power ....
Power Output

R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINCS

D-C Plate Voltage
D-C Plate Current (Carrier)
Plate Dissipation (Carrier)

TYPICAL OPERATION
D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
D-C Grid Current
Peak R-F Input Voltage
R-F Driving Power
Carrier Power Output
Peak Power Output
*At the peak of the a-f cycle with 100% modulation.

300

3000 volts
165 ma
35 ma
100 watts

2000 volts
—360 volts

150 ma
30 ma
560 volts
15 watts
200 watts

EPHONY

3000 volts
100 ma
100 watts

2000 volts
—180 volts
75 ma
3 ma
420* volts
10 * watts
50 watts
200* watts

s
t

l<X>
u

<t

5!

so u

4 /
$/*/

* /

AVERAGE PLATE \&-
CHARACTERISTICS

Er -S.0"RC \
/ •Y

XV

/*y V
y ' y

4/ — A—

<s
J\

400 600 BOO 1000 1200
P-C PLRTE VOL 77?GE- VOL TS

ISO o-tS
SIS
cfc>-

PVERAGE CHARAC TERISTICS
R-FPOWER AMPLIFIER-CLASS C

EfS.o "nc
Ep -Z000

vDC
Er --3BO"DC

R-F POWER AMPLIFIER—CLASS C—TELEPHONY
MAXIMUM RATINCS

D-C Plate Voltage
D-C Plate Current (Carrier)

D-C Grid Current (Carrier)
Plate Dissipation (Carrier)

TYPICAL OPERATION

D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
D-C Grid Current
Peak R-F Input Voltage
R-F Driving Power
Carrier Power Output
Peak A-F Modulating Voltage
A-F Modulating Power
Peak Power Output

Grid Plata

Modulation Modulation

3UUU /uuu volts
i nn
1 LAJ ] &k

1 DJ ma
J OJ ma
1 00 1 00 watts

Grid Plato

Modulation Modulation

2000 2000 volts—270 — 360 volts
72 150 ma
) 30 ma
315 560 volts

3.5 * 15 watts
42 200 watts
1 10* 2000* volts
1 * 150 watts
168* 800 * watts

A-F POWER AMPLIFIER—CLASS A
MAXIMUM RATINCS

D-C Plate Voltage 1500 volts
D-C Plate Current 165 m*
Plate Dissipation 100 watl<

TYPICAL OPERATION
D-C Plate Voltage 1500 volts
D-C Grid Voltage —77.5 volts
D-C Plate Current 67 ma
Amplification Factor 14
Plate Resistance 5600 ohms
Transconductance 2500 /imhos
Load Resistance 10000 ohms
Power Output 21 watts
*At the peak of the a-f cycle with 100% modulation.

OPERATING NOTES
FREQUENCY RANCE

The construction of the RK-36 allows efficient operation at frequencies up
to 60 megacycles. Above 60 megacycles reduced efficiency requires that the
plate voltage be reduced to prevent the plate dissipation from exceeding the
maximum rated value.

BIAS
At least 150 volts of fixed bias should be used with 2000 volts on the plat*

to protect the tube in case of failure of the bias or excitation.

PLATE TEMPERATURE
The plate of the RK-36 will show a light yellowish red color (See Plate Tem-

perature Color Scale) when operated at the maximum rated plate dissipation.
Dissipations above the rated value should be avoided.

Ho

so rs ioo iz.s /so ns zoo zts zso ns 300 $zs 35
P-C GRIP CURRENT- MR.
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RK-37 RAYTHEON AMATEUR TUBES RK-37

TRIODE
POWER AMPLIFIER

OSCILLATOR
The RK-37 is a high-mu triode

type power amplifier tube having a

thoriated tungsten filament, a tan-
talum plate and grid, a hard glass

bulb and an isolantite base. It is de-
signed for use as a power amplifier,
oscillator or frequency multiplier.

BOTTOM VIFWOFSOCKET

FILAMENT RATING
Filament Voltage
Filament Current

7.5
4

volts
amp

Grid to Plate
Input
Output

DIRECT INTERELECTRODE CAPACITANCES
3.2
3.5
0.2

R-F POWER AMPLIFIER OR OSCILLATOR-
MAXIMUM RATINGS

D-C Plate Voltage—Telegraphy
D C Plate Voltage—Telephony

With Grid Modulation
With Plate Modulation

D-C Plate Current
D-C Grid Current
Plate Dissipation

1500

1500
1250
125
35
50

Telephony Telephony Telegraphy

TYPICAL OPERATION Grid Plate

Modulation Modulation

D-C Plate Voltage 1500 1250
D-C Grid Voltage - 200 —150
D-C Plate Current 44 100
D-C Crid Current 5 23
Peak R-F Input Voltage 260 270
R-F Driving Power . 6 * 5 6
Carrier Power Output 26 90
Peak A-F Volt —Plate — • 1250*
Peak A-F Volt —Crid 60 * —
A-F Modulating Power 1.4* 63
Peak Power Output 104* 360 *

*At the peak of the a-f cycle with 100% modulation.

1500
-130
115
30
260
7

122

Ultf

-CLASS C

volts

volts
volts
ma
ma

watts

volts
volts
ma
ma

volts
watts
watts
volts
volts
watts
watts

R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINCS

D-C Plate Voltage 1500
D-C Plate Current (Carrier) .... 50
Plate Dissipation (Carrier) 50

TYPICAL OPERATION
D-C Plate Voltage 1500
D-C Grid Voltage -50
D-C Plate Current 50
Peak R-F Input Voltage 120*
R-F Driving Power 2.4 *

Carrier Power Output 26
Peak Power Output 104*

A-F POWER AMPLIFIER—CLASS B—TWO TUBES
MAXIMUM RATINCS

D-C Plate Voltage 1500
D-C Plate Current (per tube) 125
Plate Dissipation (per tube) 50

(Averaged over 1 cycle)

TYPICAL OPERATION
D-C Plate Voltage 1250
D-C Crid Voltage —35
D-C Plate Current (no signal) 25
D-C Plate Current (max. signal) 235
D-C Grid Current (max. signal) 60
Peak A-F Input Voltage (grid to grid) 282
A-F Driving Power 7.2
Load Resistance (plate to plate) 18000
Power Output 200
*At the peak of the a-f cycle with 100% modulation.

volts
ma

watts

volts
volts
ma

volts
watts
watts
watts

volts
ma

watts

volts
volts
ma
ma
ma

volts
watts
ohms
watts

OPERATINC NOTES
FREQUENCY RANCE
The RK-37 may be operated at the maximum ratings at frequencies up to

60 megacycles. At frequencies between 60 megacycles and 120 megacycles the
maximum d-c plate voltage should not exceed 1000 volts. Above 120 mega-
cycles, the maximum d-c plate voltage should not exceed 750 volts.

BIAS
At least 35 volts of fixed bias should be used with 1500 volts on the plate

to protect the tube in case of failure of the bias or excitation. The fixed bias
may be reduced at lower plate voltages.

PLATE TEMPERATURE
The plate of the RK-37 will show a light yellowish red color (See Plate Tem-

perature Color Scale) when operated at the maximum rated plate dissipation.
Dissipations above the rated value should be avoided.

AVERAGE CHARACTERISTICS
R-F POWER AMPLIFIER -CLASS C
Er -T5*F)C
Ep-1500" OC
tT,-- 130' DC

12 lb 20
amp cunaetiT-Mfi.

0 20 40 W SO tOO 110

PERK R-F GRIP VOLTHGC-VOLTS

RVERR6E CHRRRCTERISTICS

R-F POWER AMPLIFIER
CLASS B -TWO TUBES
Er -7.5"I)C EC--3S"PC
EP 'I2S0

VPC E^' 200"RIHS
griptpcrip

HVERRGE CHRRRCTERISTICS
A

ORIPMODULRTIOH
tS"9C

210 -240 -220 -200 -ISO -ItO -140

D-C CHIP V0LTRGE -VOLTS

RVERR6E CHRRRCTERISTICS

R-FPOWER AMPLIFIER

CLRSSB - TWO TUBES
Er - zs'nc
Ep -l2S0 yPC

Ec * -3S "DC

R, - 18000%

12 IS IB 21 2i
10RP RESISTRHCE-KIIOHMS

PLRTE TO PLRTE

J 40 SO 120 ItO
R-FGRID V0LTRGE- VOLTS RMS

GRIP TO GeiP

50
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RK-38
TRIODE

POWER AMPLIFIER
OSCILLATOR

The RK-38 is a high-mu triode

type power amplifier tube having a

thoriated tungsten filament, a tan-

talum plate and grid, a hard glass

bulb and an isolantite base. It is de-
signed for use as a power amplifier

oscillator, or frequency multiplier.

FILAMENT RATING

RAYTHEON AM

5/Pf Cfl/^
J

IWfOtlE J

ffi
I

BOTTOM VIEDOfSOCKET

Filament Voltage
Filament Current

Grid to Plate
Input
Output

A-F
MAXIMUM RATINGS

D-C Plate Voltage . .

D-C Plate Current (per tube)
Plate Dissipation (per tube)

(Averaged over I cycle)

TYPICAL OPERATION
D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current (no signal)

D-C Plate Current (max. signal)

D-C Grid Current (max. signal)
Peak A-F Grid Voltage (grid to grid)

A-F Driving Power
Load Resistance (plate to plate)
Power Output

5 volts
8 amp

CAPACITANCES
4.3 lilii

4.6 tint

0.9

0 TUBES

3000 volts
165 ma
100 watts

2000 volts
-52 volts
36 ma
265 ma
39 ma
357 volts
5.8 watts
16000 ohms
330 watts

R-F POWER AMPLIFIER—CLASS C-
MAXIMUM RATINGS

D-C Plate Voltage
D-C Plate Current
D-C Grid Current
Plate Dissipation

-TELEGRAPHY

D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current ....
D-C Grid Current
Peak R-F Input Voltage
R-F Driving Power ....
Power Output

TYPICAL OPERATION

125

100 ?
I-

Iis o<

SO ju

3000 volts
165 ma
40 ma
100 watts

2000 volts
-200 volts
160 ma
30 ma
375 volts
10 watts
225 watts

AVERAGE PLATE CHARACTERISTICS^
, e(s.o"rc

Us-
-A

*

—AS

too 600 moo izoo
D-C PLATE VOLTRGE- VOL TS

~id.o ds 7to n.s too its iso
—

tis
—

J6t>~
_P-C GRIP CURRENT-MR-

ATEUR TUBES RK-38
R-F POWER AMPLIFIER—CLASS B—TELEPHONY

MAXIMUM RATINGS
D-C Plate Voltage 3000 volts

D-C Plate Current (Carrier) 100 ma
Plate Dissipation ICarrier) 100 watts

TYPICAL OPERATION
D-C Plate Voltage 2000 volts
D-C Grid Voltage — 100 volts
D-C Plate Current 75 ma
D-C Grid Current 2 ma
Peak R-F Input Voltage 300* volts
R-F Driving Power 7 * watts
Carrier Power Output 55 watts
Peak Power Output 220* watts

R-F POWER AMPLIFIER—CLASS C—TELEPHONY
MAXIMUM RATINGS

Grid Plata

Modulation Modulation

3000 2000 volts
1 00 165 ma
5 40 ma
1 00 100 watts

Grid Plata

Modulation Modulation

2000 2000 volts
-150 -200 volts
80 1 60 ma
2 30 ma
220 375 volts

5.5 * 10 watts
60 225 watts
1 00* 2000* volts
I

*
1 50 watts

240* 900 * watts

D-C Plate Voltage
D-C Plate Current (Carrier)
D-C Grid Current (Carrier)
Plate Dissipation (Carrier)

TYPICAL OPERATION

D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
D-C Grid Current
Peak R-F Input Voltage
R-F Driving Power
Carrier Power Output
Peak A-F Modulating Voltage
A-F Modulating Power
Peak Power Output
*At the peak of the a-f cycle with 100% modulation.

OPERATINC NOTES
FREQUENCY RANGE
The construction of the RK-38 allows efficient operation at frequencies up

to 60 megacycles. Above 60 megacycles reduced efficiency requires that the
plate voltage be reduced to prevent the plate dissipation from exceeding the
maximum rated value.

BIAS

At least 60 volts of fixed bias should be used with 2000 volts on the plate
to protect the tube in case of failure of the bias or excitation.

PLATE TEMPERATURE
The plate of the RK-38 will show a light yellowish red color (See Plate Tem-

perature Color Scale) when operated at the maximum rated plate dissipation.
Dissipations above the rated value should be avoided.

AVERAGE CHARACTERISTICS
R-FPOWER AMPLIFIER-CLASSB-
EfS.O'RC
Ep • 2000 VDC
Er --JOO"PC

IVECHDRKTERISTICS

WPOWERAMPUFIEIMLB
EflCK Ef-tMPK ff-SPK
Et,-W*MSGltlCT06lltP

SO 100 ISO zoo

PERK R-F GRID VOLTROE- VOLTS

io n u it if

P-P LORDRESISTRIICt KH0HM5

AVERAGE CHARACTERISTICS
C0I1TR0L GRID MODULATION
Ef'S.O'RC
Ep-Z0OO"DC

'

RVEXHDRffCTERISTICS

f)-FAMPLIFIER-CUBSB
TWO TUBES

If-SO'K
Ep-Z000"DC
Ec—SZ

yDC

P^ltOOO^P-P

-iso -as -zoo -us -iso -as -no -is

D-C CONTROL GRID VOLTRGE- VOLTS

o m to ao m> m m ao
R-ramrvtR/p mrmE-mispnf
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RK-39
RK-41

RAYTHEON AMATEUR TUBES

TETRODE
POWER AMPLIFIER

OSCILLATOR
The RK-39 and RK-41 are heater

type aligned grid beam power am-
plifier tubes having isolantite bases.
The use of aligned grids reduces the
ratio of screen current to plate cur-
rent and allows more efficient util-

ization of the total space current.
The deflector plates in the RK-39
and RK-41 are connected internally
to the cathode.

HEATER RATING
RK-39 RK-41

Heater Volt. 6.3 2.5 volts

Heater Cur. 0 9 2.4 amp
DIRECT INTERELECTRODE CAPACITANCES

BOTTOM VIEWOFSOCKET

Grid to Plate 0.2
Input 13
Output 10

R-F POWER AMP. OR OSC—
MAXIMUM RATINCS
D C Plate Volt.—Telegraphy
D-C Plate Volt.—Telephony

With Control Crid Modulation
With Plate or Plate & Screen Modulation

D-C Screen Voltage
D-C Plate Current
D-C Control Grid Current
Plate Dissipation
Screen Dissipation

TYPICAL OPERATION

CLASS C

iiiif

irnf

H/it

600 volts

600 volts
475 volts
300 volts
100 ma
5 ma
25 watts
3.5 watts

D-C Plate Volt
D-C Screen Volt.
D-C Con. Cd. Vlt.
D-C Plate Current
D-C Screen Current
D-C Con. Crid Cur.
Screen Resistor
PeakR-F Input Vlt.

R-F Driving Power
Carrier Pr.Outout
Peak A-F Vlt, Plate
PeakA-FVIt..Grid
A-F Mod. Power
Peak Pr. Output

Telephony
Control

Grid
Modulation

500 600
250 300
50 -70 -

60 60
3 3
0.6 0.2

60

Telephony
Plate

Only
Modulation

400
200
45
60
17.5
4.0
1 I400t
70

475
200
45
65
17.5
4.0

Telephony
Plate &
Screen

Modulation

400
250

Telegraphy

-50
95
8
2.5

475
250
50
85
9
2.5

500 600 volts
250 300 volts

—60-90
95 93

10
3

12
3

15700t 19000i 25000i — —
78 70 70 75 75

0.5 * 0.54*0.25 0.25 0.2 0.2
10 12 17 21 25 26— — 400* 475* 400* 475*
25 * 25 *— — 250* 250*
0.28*0.17*12 16 21 20
40 *48 * 68 * 84 * 100* 104*

*At the peak of the a-f cycle with 100% modulation.
tConnected direct to the plate supply voltage and by-passed for r.f. only.
^Connected to plate end of modulation trans, and by-passed for r.f. only.

400

olts
ma
ma
ma

ohms
84 117 volts
0 25 0.38watts
35 36 watts— — volts— — volts— — watts— — watts

R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINCS

D-C Plate Voltage 600
D-C Screen Voltage 300
D-C Plate Current (Carrierl 63
Plate Dissipation (Carrier) 25
Screen Dissipation (Carrier) 3.5

RK-39
RK-41

TYPICAL OPERATION
Plate Voltage
Screen Voltage
Grid Voltage
Plate Current
Screen Current
Grid Current (at 100% modulation)
R-F Input Voltage

600
250

-25
63
4
9
50 *

0.4 *

12.5*
50 *

volts
volts
ma

watts
watts

volts
volts
volts
ma
ma
ma

volts
watts
watts
watts

R-F Driving Power
Carrier Power Output
Peak Power Output
*At the peak of the a-f cycle with 100% modulation.

OPERATINC NOTES
FREQUENCY RANCE

The RK-39 and RK-41 may be operated at the maximum ratings at fre-

quencies up to 60 megacycles. Above 60 megacycles the reduced efficiency

realized requires that the plate voltage be lowered to a maximum of 300 volts

to prevent the plate dissipation from exceeding the maximum rated value. The
operation of the tubes at frequencies higher than 120 megacycles is not rec-
ommended.
EXCITATION
The Class C amplifier characteristic curves show the power output, plate cur-

rent and screen current plotted vs. excitation as denoted by the d-c control grid

current in milliamperes. The power output flattens off around 3 or 4 ma. of
grid current with very little gained above these values. The screen dissipation

increases with excitation and for this reason the excitation should be kept at

a reasonable value.

SHIELDING
Shielding of the grid input tuning system from the plate tuning apparatus is

desirable and will provide improved stability. If a shield is applied to the RK-
39 or RK-41 it should enclose the base and extend to the lower internal shield
and should clear the glass bulb by at least 1/16".

BIAS
At least 25 volts of fixed bias should be used with 600 volts on the plate

to protect the tube in case of failure of the bias or excitation. Additional bias

may be obtained by the use of a grid or cathode resistor.

CRYSTAL OSCILLATOR
When the RK-39 or RK-41 is used as a crystal controlled oscillator, a 10000

ohm grid leak and a 400 ohm cathode resistor are recommended. At the lower
frequencies, it may be necessary to increase the grid to plate capacitance in

order to start the oscillator. An additional capacitance of 2 n/if. should be suffi-
cient. Larger values will cause excessive feedback and may damage the crystal.

PLATE TEMPERATURE
The plate of the RK-39 or RK-41 will not show color when operated at the

maximum rated plate dissipation. Dissipations above the rated value should be
avoided.

100 i-

30
§|
s

ois to us is us to us is
fi-C COrlTROL SRIP CURREMT-MR.

as io its is

fiVERRGE CHRRRCTERISTICS
R-F POWER AMPLIFIER-CLASS C
PL f)TE MODUL ftTION
EflS^RC RK-41
" -6.3"RC RK-39
£p- 400

yDC
Ert •ZOO "PC (THRU 11400* FROM

PLRTE SUPPLY)
Ea =-45 yPC

Z00 300 400 500
D C PLRTE V0LTRGE- VOLTS

180

I
160 i.

I
MOOt

S
d

t; *

O Hi

? £
60 SiS

"si
-5?

f)VERf)6E CHARACTERISTICS
CONTROL GRID MODULATION

2.5" RC RK-41

6.3 VK RK-39 */
£? 600'PC

- 300 » PC

«v
Y

OPERA
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Tins 'A
\y

*A
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RK-42
RK-43

RK-42
TRIODE

AMPLIFIER
OSCILLATOR

The RK-42 is a low filament cur-
rent triode type amplifier tube hav-
ing an oxide coated filament. It is

designed for use in portable equip-
ment with dry cell filament supply.

RAYTHEON AMATEUR TUBES RK-43

BOTTOM VIEW OF SOCKET

FILAMENT RATINC
Filament Voltage
Filament Current

1.5
0.06

volts
amp

DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate
Input
Output

A-F AMPLIFIER—CLASS A
MAXIMUM RATINCS

D-C Plate Voltage
D-C Plate Current

TYPICAL OPERATION

D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
Amplification Fac*or
Plate Resistance
Transconductance

6
3
2.1

180
7.5

180
-13.5
3.9
8.2
10300
800

/i/if

volts
ma

volts
volts
ma

ohms
/imhos

RK-42
RK-43

— i*i

D-C Plate Voltage
D-C Grid Voltage . . .

D-C Plate Current . .

Amplification Factor
Plate Resistance
Transconductance . . .

TWIN TRIODE
POWER AMPLIFIER

OSCILLATOR
The RK-43 is a low filament cur-

rent twin triode type amplifier tube
having an oxide coated filament. It

is designed for use in portable equip-
ment with dry cell filament supply.

FILAMENT RATINC
Filament Volt. 1.5 volts
Filament Cur. 0.12 amp

DIRECT INTERELECTRODE CAPACITANCES—EACH TRIODE
Grid to Plate 4.2
Input 1.9
Output 2.1

A-F AMPLIFIER—CLASS A—ONE TRIODE

BOTTOM VIEW OF SOCKfT

1 35 max.
-1.5
3
13
14500
900

volts
volts
ma

ohms
*imhos

A-F POWER AMPLIFIER—CLASS B
MAXIMUM RATINCS

D-C Plate Voltage
D-C Plate Current (Average—both triodes)

TYPICAL OPERATION
D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current fno signal)
D-C Plate Current (max. signal)
D-C Grid Current (max. signal)
Peak A-F Input Voltage (grid to grid)
A-F Driving Power
Load Resistance (plate to plate)
Power Output

R-F AMPLIFIER OR OSCILLATOR—CLASS C
MAXIMUM RATINCS

D-C Plate Voltage
D-C Plate Current (Average—both triodes)

TYPICAL OPERATION
D-C Plate Voltage
D-C Grid Voltage —20
D-C Plate Current
D-C Grid Current
Peak R-F Input Voltage (grid to grid)
R-F Driving Power
Power Output

135 volts

15 ma

135 volts
-6 volts
4 ma
12.5 ma
1 ma
24 volts

27.5 mw
24000 ohms
0.95 watt

-PUSH-PULL

135 volts

15 ma

135 volts
-20 volts

14 ma
3 ma
70 volts
0.2 watts
1.25 watts

2
s:

no ito zoo ao
D-C PLATE VOLTR0E -VOLTS

nvERfiGE Ptare \t
CHRRRCTERISTICS \

/ Er-LS
VDC

y
/Aw
/ j

/ *

/ 0

' /
/

f/ \ /
?// 7 —
/ >—aV^

SO 120 160 too
P-C PLATE VOLTAGE -VOLTS

0.8 1.2 l.t 10
D-C GRID CUreEMT-Mfl

MERME CHflRKTERISTICS

R-FPOWER AMPLIFIER

CLASS B
Ef-I.S'PC E,.F -n"HMS
Ep-HE'DC (6i* 6>

EC-6"PC
|

RVEM6E CHRRRCTERISTKS

H-FPOWER AMPLIFIER
CLHSS-B

Ef-LS'x\
EyllfK T

It tO » 28 32
LOUP BESISTANCE-KUOHMS

IPL DTE TO PLATE}

«
i IS

f s

8 It If

H-fOfiPVOLTKE-emvoin
(6PIP TO SKID)

Rev. April 8, 1938 CS-1589
RAYTHEON ENGINEERING SERVICE 53



RK-44 RAYTHEON AMATEUR TUBES RK-44

IS010HT1 TC

M£B sssr
Pin

aecu

>

dodo:

PENTODE
POWER AMPLIFIER

OSCILLATOR
The RK-44 is a heater type pen-

tode power amplifier having an iso-

lantite base. It is designed for use
as a power amplifier, oscillator or
frequency multiplier. The RK-44
may also be used in circuits employ-
ing suppressor or control grid modu-
lation.

HEATER RATINC
Heater Voltage 12.6 volts

Heater Current 0.7 amp

DIRECT INTERELECTRODE CAPACITANCES

BOTTOM VIEViOFSKK£T

Crid to Plate 0.2
Input 16
Output 10

R-F POWER AMPLIFIER OR OSCILLATOR—CLASS
MAXIMUM RATINCS

D C Plate Voltage—Telegraphy 500
D C Plate Voltage—Telephony

With Control or Suppressor Crid Modulation
With Plate b Screen Modulation

D C Screen Voltage

liliA

Hint

D-C Plate Current
D-C Control Grid Current ....
Plate Dissipation
Screen Dissipation

Telephony

TYPICAL OPERATION
Telephony Telephony

500
400
200
80
8
12
8

Telegraphy

volts

volts
volts
volts
ma
ma

watts
watts

Con. Grid Supp. Crid Plate & Scr.

Modulation Modulation Modulation

500 500 500 400 500 500 volts

200 200 180 140 200 200 volts

0 -f 40 - 65 +40 0 +40 volts

45 -43 -20 -40 -85 -75 volts

30 30 30 45 60 60 ma
7 6 23 20 30 15 ma
0.1 0.1 3.5 5 8 4 ma

14000t 13000t ohms
48 44 32 60 120 100 volts

0.2* 0.15* 0.1 0.3 0.8 0.4 watts
5 5.5 5 1

1

20 22 watts
400* volts

20 * 18 * 65* 140* volts
0.1* 0.06* 0 13 watts
20 * 22 * 20* 44 * watts

D-C Plate Voltage
D-C Screen Voltage
D-C Sup. Crid Volt.

D-C Con. Grid Volt. -

D-C Plate Current
D-C Screen Current
D-C Con. Crid Current
Screen Resistor
Peak R-F Input Volt.
R-F Driving Power
Carrier Power Output
Peak A-F Volt.— Plate
Peak A-F Volt.-—Crid
A-F Modulating Power
Peak Power Output
*At the peak of the a-f cycle with 100% modulation.
tConnected direct to plate supply voltage and by-passed for r.f. only.

{Connected to plate end of modulation trans, and by-passed for r.f. only.

joo-

400 S00 600 700
D-C PLATE VOLTAGE- VOLTS

CI

aft Si

5s
/Ok,*
45!

30

1

AVERAGE CHARACTERISTICS
R-F POWER AMPLIFIER -CLASS C_

z 3
D-C CONTROL OHIO CURRET1T -MR.

R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINCS

D-C Plate Voltage 500
D-C Screen Voltage 200
D-C Plate Current (Carrier) 40
Plate Dissipation (Carrier) 12
Screen Dissipation (Carrier) 5

TYPICAL OPERATION
D-C Plate Voltage 500 500
D-C Screen Voltage 200 200
D-C Suppressor Crid Voltage 0 +40
D-C Control Crid Voltage -25 —25
D-C Plate Current 30 30
D-C Screen Current 15 12
Peak R-F Input Voltage 50* 48*
R-F Driving Power 0.2* 0.1*
Carrier Power Output 5 5.5

Peak Power Output 20 * 22 *

*At the peak of the a-f cycle with 100% modulation.

volts
volts
ma

watts
watts

volts
volts
volts
volts
ma
ma

volts
watts
watts
watts

OPERATING NOTES
FREQUENCY RANGE

The RK-44 may be operated at the maximum ratings at frequencies up to

20 megacycles. Above 20 megacycles the reduced efficiency realized requires

that the plate voltage be lowered to prevent the plate dissipation from exceed-
ing the maximum rated value.

SCREEN SUPPLY
The screen voltage may be obtained either from a voltage divider or through

a series resistor from the plate supply. The screen should always be by-passed
to the cathode for r.f.

SHIELDINC
The internal shield in the RK-44 is connected to base pin #2 and normally

should be connected to the cathode pin #6. Shielding of the grid input tuning
system from the plate tuning apparatus is desirable and will provide improved
stability. If a shield is applied to the RK-44 it should enclose the base and ex-
tend to the lower internal shield and should clear the glass bulb by at least 1 / 16".

BIAS
At least 15 volts of fixed bias should be used with 500 volts on the plate

to protect the tube in case of failure of the bias or excitation. Additional bias
may be obtained by the use of a grid or cathode resistor.

CRYSTAL OSCILLATOR
Using crystal control, 20 watts of r-f power output may be obtained with-

out overheating the crystal.

PLATE TEMPERATURE
The plate of the RK-44 will not show color when operated at the maximum

rated dissipation. Dissipations above the rated value should be avoided.
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RK-45
RK-46

RK-45
PENTODE

POWER AMPLIFIER
OSCILLATOR

The RK-45 is a heater type pen-
tode power amplifier tube having an
isolantite base. It is designed for use
as a power amplifier, oscillator or

frequency multiplier. The RK-45
may also be used in circuits employ-
ing suppressor or control grid modu-
lation.

HEATER RATING
Healer Voltage 12.6 volts
Heater Current 0.45 amp

DIRECT INTERELECTRODE CAPACITANCES

KMIIHtON AMAltUN lUBtlD

Grid to Plate
Input
Output

R-F POWER AMPLIFIER OR
CLASS C

MAXIMUM RATINCS
D-C Plate Voltage—Telegraphy .

D-C Plate Voltage—Telephony
With Control or Sup. Grid

Modulation
With Plate b Screen Mod..

D C Screen Voltage
D C Plate Current
D-C Control Grid Current
Plate Dissipation
Screen Dissipation

HK-4b
PENTODE

POWER AMPLIFIER
OSCILLATOR

The RK-46 is a pentode type
power amplifier tube having a thori-
ated tungsten filament, a molyb-
denum plate, a hard glass bulb and
an isolantite base. 1 1 is designed
for use as a power amplifier, oscil-
lator or frequency multiplier. The
RK-46 may also be used in circuits
employing suppressor or control grid
modulation.

RK-46

BOTTOM VIFWOFSOCKET

H /if

Wit
/l/lf

OSCILLATOR—

0.02
10
10

FILAMENT RATINC
Filament Volt. 12.6 volts
Filament Cur. 2.5 amp

DIRECT INTERELECTRODE CAPACITANCES

TYPICAL OPERATION

D-C Plate Voltage
D-C Screen Voltage
D-C Sup. Grid Voltage
D-C Con. Grid Volt.

D-C Plate Current
D-C Screen Current
D-C Con. GridCurrent
Screen Resistor
PeakR-F Input Volt.
R-F Driving Power
Carrier Power Output
Peak A-F Volt --Plate
Peak A-F Volt.- -Grid
A-F Modulating Power
Peak Power Output

Telephony
Control

Grid
Modulation

500
200
0

-125
32
20
1.5

150
1 .2*

5.5

45 *

0.5*
22 *

500
200

+ 45
-125
34
20
1.5

150
1.3 <

6.5

45 *

0.55*
26 *

Telephony
Suppressor

Grid
Modulation

500
200

-45
-90

31

39
4

135
0.5
6

75 *

0.3*
24 *

Telephony
Plate <c

Screen
Modulation

400
150
0

—90
43
30
6
8300*
145
0.8
13.5
400 *

150 *

14.5
54 *

500

500
400
250
60
10
10

Telegraphy

Grid to Plate
Input
Output

R-F POWER

500
200
0

-90
50
40
4

T?5
0.5
18

500
200

+45
-90
55
38
4

U5
0.5
22

R-F POWER AMPLIFIER-
MAXIMUM

D-C Plate Voltage
D-C Screen Voltage
D-C Plate Current (Carrier)
Plate Dissipation (Carrier)
Screen Dissipation (Carrier)

-CLASS B-

RATINCS
-TELEPHONY

500
250
35
10
8

volts
volts
volts
ma
ma

watts
watts

volts
volts
volts
volts
ma
ma
ma

ohms
volts
watts
watts
volts
volts
watts
watts

volts
volts
ma

watts
watts

volts
volts
volts
volts
ma
ma

volts
watts
watts
watts

TYPICAL OPERATION
D-C Plate Voltage 500
D-C Screen Voltage 200
D-C Suppressor Grid Voltage 0
D-C Control Grid Voltage —38
D-C Plate Current 30
D-C Screen Current 12
Peak R-F Input Voltage 80 *

R-F Driving Power 0.24*
Carrier Power Output 5
Peak Power Output 20 *

*At the peak of the a-f cycle with 100% modulation.
{Connected to plate end of modulation trans, and by-passed for r.f. only.

OPERATING NOTES
CHARACTERISTIC CURVES

For average characteristic curves refer to the type RK-25. The characteristics
of the RK-45 and RK-25 are the same except for the heater rating.

FREQUENCY RANCE
The RK-45 may be operated at the maximum ratings at frequencies up to

30 megacycles. Above 30 megacycles the reduced efficiency realized requires
that the plate voltage be lowered to prevent the plate dissipation from exceed-
ing the maximum rated value.

EXCITATION
The Class C amplifier characteristic curves show the power output, plate cur-

rent and screen current plotted vs. excitation as denoted by the d-c control
grid current in milliamperes. The power output flattens off around 4 or 5 ma.
of grid current with very little gained beyond these values. The screen dissipa-
tion increases with excitation and for this reason the excitation should be kept
at a reasonable value.

SHIELDING
Shielding of the grid input tuning system from the plate tuning apparatus

is desirable and will provide improved stability. If a shield is applied to the
RK-45 it should enclose the base and extend to the lower internal shield and
should clear the glass bulb by at least 1/16".

BIAS
At least 25 volts of fixed bias should be used with 500 volts on the plate

to protect the tube in case of failure of the bias or excitation. Additional bias
may be obtained by the use of a grid or cathode resistor.

CRYSTAL OSCILLATOR
Using crystal control, 20 watts of r-f power output may be obtained with-

out overheating the crystal.

PLATE TEMPERATURE
The plate of the RK-45 will not show color when operated at the rated plate

dissipation. Dissipations above the rated value should be avoided.

AMPLIFIER OR
CLASS C

MAXIMUM RATINCS
D-C Plate Voltage—Telegraphy
D-C Plate Voltage—Telephony

With Control or Sup. Grid
Modulation

With Plate & Screen Mod..
D-C Screen Voltage
D-C Plate Current
D-C Control Grid Current
R-F Control Grid Current
Plate Dissipation
Screen Dissipation

lint

OSCILLATOR—

0.1

14
12

TYPICAL OPERATION

D-C Plate Voltage
D-C Screen Voltage
D-C Sup. Grid Volt.
D-C Con. Grid Volt.
D-C Plate Current
D-C Screen Current
D-C Con. Grid Current
Screen Resistor
Peak R-F Input Volt.
R-F Driving Power
Carrier Power Output
Peak A-F Volt.—-Plate
Peak A-F Volt.—Grid
A-F Modulating Power
Peak Power Output

Telephony
Control

Grid
Modulation

1250 1250
300 300
0 +45

-142
40

Telephony
Suppressor

Grid

Telephony
Plate i
Screen

1250

1250
1000
300
92
15
5
40
15

Telegraphy

Modulation Modulation

-142
40
7

1.8

160
1.5*
17

30*
0.3*
68 *

7
1.8

160
1.5*
20

30 *

0.3*
80 *

1250
300

-+5
— 100
48
44
1 1.5

140
1.5
21

75 *

0.36*
84 *

1000
300
0

-100
75
30
10

23000t
145
1.3

52
1000*
300 *

52
208 *

1250
300
0

— 100
80
43
11.5

155
1.6
64

1250
300

+45
-100
92
36
1 1.6

T55
1.6
84

volts
volts
volts
ma
ma
amp

watts
watts

volts
volts
volts

volts
ma
ma
ma

ohms
volts
watts
watts
volts
volts
watts
watts

R-F POWER

D-C
D-C
D-C
Plat.

Plate Voltage
Screen Voltage
Plate Current (Carrier)
Dissipation (Carrier)

AMPLIFIER-
MAXIMUM

-CLASS B-
RATINCS

-TELEPHONY

1250 volts
300 volts
70 ma
40 watts
15 watts

1250 volts
300 volts
0 volts

-30 volts
43 ma
15 ma
70* volts
0.5* watts
16 watts
64 * watts

only.

Screen Dissipation (Carrier)

TYPICAL OPERATION
D-C Plate Voltage
D-C Screen Voltage
D-C Suppressor Grid Voltage
D-C Grid Voltage
D-C Plate Current
D-C Screen Current
Peak R-F Input Voltage
R-F Driving Power
Carrier Power Output
Peak Power Output
*At the peak of the a-f cycle with 100% modulation.
^Connected to plate end of modulation trans, and by-passed for r.f

OPERATING NOTES
CHARACTERISTIC CURVES

For average characteristic curves refer to the type RK-20A. The character-
istics of the RK-46 and RK-20A are the same except for the filament rating.
FREQUENCY RANCE
The RK-46 may be operated at the maximum ratings at frequencies up to

30 megacycles. .At frequencies between 30 megacycles and 60 megacycles the
maximum d-c plate voltage should not exceed 900 volts. The operation of the
tube at frequencies higher than 60 megacycles is not recommended.
EXCITATION
The Class C amplifier characteristic curves show the power output, plate cur-

rent and screen current plotted vs. excitation as denoted by the control grid
current in milliamperes. The power output flattens off around 11 or 12 ma. of
grid current with very little gained beyond these values. The screen dissipation
increases with excitation and for this reason the excitation should be kept at
a reasonable value.
SHIELDING

Shielding of the grid input tuning system from the plate tuning apparatus
is desirable and will provide improved stability. If a shield is applied to the
RK-46 it should enclose the base and extend to the lower internal shield and
should clear the glass bulb by at least 1/16".
BIAS

Battery bias, or at least partial battery bias on the control grid is recom-
mended. Additional bias may be obtained by placing a resistor in series with
the battery.
CRYSTAL OSCILLATOR

Using crystal control. 50 watts of r-f power output may be obtained with-
out overheating the crystal.
PLATE TEMPERATURE
The plate of the RK-46 will not show color when operated at the rated plate

dissipation. Dissipations above the rated value should be avoided.
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RK-47

M»MSf

TETRODE
POWER AMPLIFIER

OSCILLATOR
The RK-47 is a beam type aligned

grid tetrode having a thoriated tung-
sten filament, a hard glass bulb and
an isolantite base. The use of aligned
grids reduces the ratio of screen
current to plate current and allows
more efficient utilization of the
total space current. The deflector

plates in the RK-47 are connected
to base pin #4 which should be con-
nected to the filament center-tap.

FILAMENT RATING
Filament Voltage
Filament Current

RAYTHEON AMATEUR TUBES RK-47
R-F POWER AMPLIFIER—CLASS B—TELEPHONY

MAXIMUM RATINCS
D C Plate Voltage
D-C Screen Voltage
D-C Plate Current (Carrier)
Plate Dissipation (Carrier)
Screen Dissipation (Carrier)

1250
300
75
50
10

volts
volts
ma

watti
watts

TYPICAL OPERATION

BOTTOM VIEWOFSOCKET

10 volts
3.25 amp

DIRECT INTERELECTRODE CAPACITANCES
Crid to Plate 0.12
Input 13
Output 10

R-F POWER AMP. OR OSC.—CLASS
MAXIMUM RATINCS

—Telegraphy
Telephony

li»f

lijit

1250 volts
300 volts

-30 volts
60 ma
2 ma
0.9 ma
90 * volts
4 * watts
25 watts
100* watts

D-C Plate Voltage
D-C Plate Voltage-

With Control Crid Modulation
With Plate or Plate & Screen Modulation

D-C Screen Voltage
D-C Plate Current
D-C Control Crid Current
R-F Control Crid Current
Plate Dissipation
Screen Dissipation

Telephony Telephony Telephony

Centrol Plate Plate &
Grid Only Screen

Modulation Modulation Modulation

1250 900 900
300 300 250

-135 —100 -120
60 80 90
9 50 23
1.6 10 7.5

12000f 28000

1

155 160 180
1 .43* 1.5 1.2

28.5 50 55
900* 900*

40 * 250*
0.37* 36 51
1 14 * 200* 220*

TYPICAL OPERATION

D-C Plate Voltage
D-C Screen Voltage ....
D-C Control Crid Voltage
D-C Plate Current
D-C Screen Current
D-C Con. Grid Current. . .

Screen Resistor
Peak R-F Input Voltage. .

R-F Driving Power
Carrier Power Output . . .

Peak A-F Volt.—Plate. .

Peak A-F Volt.—Crid. . .

A-F Modulating Power. .

Peak Power Output
1 1 5 watts allowable if average plate dissipation does not exceed 40 watts.
•At the peak of the a-f cycle with 100% modulation.
fConnected direct to plate supply voltage and by-passed for r.f. only,
i Connected to plate end of modulation trans, and by-passed for r.f. only.

1250 volts

1250 volts
900 volts
300 volts
150 ma
10 ma
5 amp
50 watts
10* watts

Telegraphy

1250 volts
300 volts

—70 volts
138 ma
14 ma
7 ma

ohms
160 volts
1.0 watts
120 watts

volts
volts
watts
watts

D-C Plate Voltage
D-C Screen Voltage
D-C Crid Voltage
D-C Plate Current
D-C Screen Current
D-C Grid Current
Peak R-F Input Voltage
R-F Driving Power
Carrier Power Output
Peak Power Output
*At the peak of the a-f cycle with 100% modulation.

OPERATING NOTES
FREQUENCY RANCE

The RK-47 may be operated at the maximum ratings at frequencies up to
30 megacycles. Above 30 megacycles the reduced efficiency realized, requires
that the plate voltage be lowered to a maximum of 900 volts to prevent the
plate dissipation from exceeding the maximum rated value. The operation of
the tube at frequencies higher than 60 megacycles is not recommended.

EXCITATION
The Class C amplifier characteristic curves show the power output, plate cur-

rent and screen current plotted vs. excitation as denoted by the d-c control
grid current in milliamperes. The power output flattens off around 7 or 8 ma.
of grid current with very little gained above these values. The screen dissipa-
tion increases with excitation and for this reason the excitation should be kept
at a reasonable value.

SHIELDING
Shielding of the grid input tuning system from the plate tuning apparatus is

desirable and will provide improved stability. If a shield is applied to the RK-47,
it should enclose the base and extend to the lower internal shield and should
clear the glass bulb by at least 1/16".

BIAS
At least 25 volts of fixed bias should be used with 1250 volts on 4he plate

to protect the tube in case of failure of the bias or excitation. Additional bias
may be obtained by the use of a grid or cathode resistor.

CRYSTAL OSCILLATOR
The RK-47 is not recommended for use as a crystal controlled oscillator.

PLATE TEMPERATURE
The plate of the RK-47 will show a dull cherry red color (See Plate Tem-

perature Color Scale) at the center of the plate, if viewed in the dark, when
operated at the maximum rated plate dissipation. Dissipations above the rated
value should be avoided
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RK-48 RAYTHEON AMATEUR TUBES

~-
2
£ Off)MAX.-*

NOrttt(H*t$
gtass BULB

-I

6/AHT 5PS0NG
ISOUtNTITt
BRYOtlET BASS

1% DIAPtHCIIXte

TETRODE POWER AMPLIFIER
OSCILLATOR \

motiE1

The RK-48 is a beam type aligned
grid power amplifier tube having a

thoriated tungsten filament, a molyb-
denum plate, a hard glass bulb and
an isolantite base. The use of aligned
grids reduces the ratio of screen cur-

rent to plate current and allows
more efficient utilization of the
total space current. The deflector

plates in the RK-48 are connected
to base pin #4 which should be con-

BOTTOMVICW0FS0CK[T
nected to the filament center-tap.

FILAMENT RATINC
Filament Voltage ...
Filament Current

volts
amp

DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 0.13 /tjuf

Input 17 ii/if

Output 13 nnf

R-F POWER AMP. OR OSC.—CLASS C
MAXIMUM RATINCS
D C Plate Voltage—Telegraphy
D-C Plate Voltage—Telephony

With Control Crid Modulation
With Plate or Plate & Screen Modulation.

D-C Screen Voltage
D-C Plate Current
D-C Control Crid Current

R-F Control Crid Current
Plate Dissipation

2000

2000
1500
400
180
25

Screen Dissipation
Telephony Telephony Telephony

100
22

Telegraphy

volts

volts
volts
volts
ma
ma
amp

watts
watts

Control Plato Plate &
Grid Only Screen

odulatlon Modulation Modulation

1500 2000 1500 1500 2000 volts
400 400 400 400 400 volts

-145 --155 — 100 -100 -100 volts
77 74 148 156 180 ma
10 8 50 31 40 ma
1.5 0.9 6.5 6.0 6.5 ma

22000f 35000* ohms
162 167 165 160 170 volts
1.6 * 1.05* 1.0 0.9 1.0 watts
40 50 165 175 250 watts

1500* 1500* volts
45 * 45 4 400 » volts
0.45* 0.28* 115 140 watts
160 * 200 * 660 * 700 * watts

TYPICAL OPERATION

D-C Plate Voltage
D-C Screen Voltage
D-C Con. Grid Voltage
D-C Plate Current
D-C Screen Current
D-C Con. Grid Current
Screen Resistor
Peak R-F Input Voltage
R-F Driving Power
Carrier Power Output
Peak A-F Volt.—Plate
Peak A-F Volt.—Grid
A-F Modulating Power
Peak Power Output
*At the peak of the a-f cycle with 100% modulation.
tConnected direct to plate supply voltage and by-passed for r.f. only.
iConnected to plate end of modulation trans, and by-passed for r.f.

360-

only.

600 800 1000 1200
D-C PLRTE YOLTRGE- VOLTS

AVERAGE CHARACTERISTICS
R-F POWER AMPLIFIER- CIASS C
Er -IO.O*f)C ^

2 3 4 S
P-C CONTROL GRID CURRENT- MR.

R-F POWER AMPLIFIER

MAXIMUM RATINCS

RK-48
CLASS B—TELEPHONY

D-C Plate Voltage
D-C Screen Voltage
D-C Plate Current (Carrier)

Plate Dissipation (Carrier)

Screen Dissipation (Carrier)

2000
400
100
100
10

TYPICAL OPERATION
D-C Plate Voltage
D-C Screen Voltage
D-C Control Grid Voltage —35

2000
400

D-C Plate Current
D-C Screen Current . . .

D-C Grid Current
Peak R-F Input Voltage
R-F Driving Power ....
Carrier Power Output . .

Peak Power Output

76
6
0.35
80
0.22*
60
240*

volts
volts
ma

watts
watts

volts
volts
volts
ma
ma
ma

volts
wafts
waits
watts

OPERATINC NOTES
FREQUENCY RANCE

The RK-48 may be operated at the maximum ratings at frequencies up to

30 megacycles Above 30 megacycles the reduced efficiency realized requires

that the plate voltage be lowered to a maximum of 1500 volts to prevent the

plate dissipation from exceeding the maximum r-ited value. The operation of

the tube at frequencies higher than 60 megacycles is not recommended.

EXCITATION
The Class C amplifier characteristic curves show the power output, plate cur-

rent and screen current plotted vs. excitation as denoted by the d-c control

grid current in milliamperes. The power output flattens off around 6 or 7 ma.
of grid current with very little gained above these values. The screen dissipa-

tion increases with excitation and for this reason the excitation should be kept
at a reasonable value

SHIELDING
Shielding of the grid input tuning system from the plate tuning apparatus Is

desirable and will provide improved stability. If a shield is applied to the RK-48
it should enclose the base and extend to the lower internal shield and should
clear the glass bulb by at least 1/16".

BIAS
At least 35 volts of fixed bias should be used with 2000 volts on the plate

to protect the tube in case of failure of the bias or excitation. Additional bias

may be obtained by the use of a grid or cathode resistor.

CRYSTAL OSCILLATOR
The RK-48 is not recommended for use as a crystal controlled oscillator.

PLATE TEMPERATURE
The plate of the RK-48 will show a light red color (See Plate Temperature

Color Scale) when operated at the maximum rated plate dissipation. Dissipa-
tions above the rated value should be avoided.

I

300 t

AVERAGE CHARACTERISTICS
R-F POWER AMPLIFIER -CLASS C
PLATE MODULATION
Er -IO.O v f)C

RVERA6E CHARACTERISTICS
R-FPOWERAMPLIFIER-CL.B

750 1000 I2S0
D C PLRTE V0LTRGE-V0LTS

DO

*

AVERAGE CHARACTERISTICS
CONTROL GRIDMODULATION^

Ef -/ao*iK
E^20OO vPC
f^j- 400"DC

PERK R-F OHIO VOLTRGE
-220 -200 -00 -HO -140 120 -U

P-CCO/iTROL GRID VOLTAGE- VOLTS I
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RK-49 RAYTHEON AMATEUR TUBES

ISOLMTITl
6 PBQfIG
A4£Q g/)S£

BOTTOM VIEW OFSOCKET

TETRODE
POWER AMPLIFIER

OSCILLATOR
The RK-49 is a heater type aligned

grid beam power amplifier tube hav-
ing an isolantite base. The use of
aligned grids reduces the ratio of
screen current to plate current and
allows more efficient utilization of
the total space current. The elec-
trical characteristics are similar to
those of the type 6L6C.

HEATER RATING
Heater Volt. 6.3 volts
Heater Cur. 0.9 amp

DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 1 .4 imi
Input 11.5 ii/if

Output 10.6 fifit

R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C
MAXIMUM RATINGS

D-C Plate Voltage—Telegraphy 400 volts
D-C Plate Voltage—Telephony—With Control Grid Mod. 400 volts

With Plate or Plate and Screen Modulation 300 volts
D-C Screen Voltage 300 volts
D-C Plate Current 100 ma
D-C Control Grid Current 6 ma
Plate Dissipation 21 watts
Screen Dissipation 3.5 watts

Telephony Telephony Telephony Telegraphy

„„,„ Control Plato Plato!
TYPICAL OPERATION Gri0 0n |y £creen

Modulation Modulation Modulation

D-C Plate Voltage
D-C Screen Voltage
D-C Control Grid Voltage
D-C Plate Current
D-C Screen Current
D-C Control Grid Current
Screen Resistor
Peak R-F Input Voltage.
R-F Driving Power
Carrier Power Output. . .

Peak A-F Volt — Plate. .

Peak A-F Volt.—Grid. . .

A-F Modulating Power..
Peak Power Output
*At the peak of the a-f cycle with 100% modulation
tConnected direct to plate supply voltage and by-passed for r.f. only.
iConnected to plate end of modulation trans, and by-passed for r.f. only.

R-F POWER AMPLIFIER—CLASS B-

MAXIMUM RATINCS
D-C Plate Voltage

RK-49
-TELEPHONY

-too volts
300
75

V
°ma

2

1

watts
3.5 watts

400 volts

250 volts
^30 volts
52
5 ma
0.1 ma
60 * volts
0.5* watts
7 watts
28 * watts

400 300 300 400 volts
250 200 200 250 volts
40 -45 -45 -50 volts
55 60 60 95 ma
4 18 15 8 ma
0.5 6 5 3 ma

55O0t 6700( ohms
47 64 64 80 volts
0.3 * 0.34 0.3 0.2 watts
7 12 13 25 watts

300* 300* volts
25 * 200* volts
0.15* 9 1 1 watts
28 * 48 * 52 * watts

D-C Screen Voltage
D-C Plate Current (Carrier)
Plate Dissipation {Carrier}
Screen Dissipation (Carrier!

TYPICAL OPERATION
D-C Plate Voltage
D-C Screen Voltage
D-C Grid Voltage
D-C Plate Current
D-C Screen Current
D-C Crid Current
Peak R-F Input Voltage
R-F Driving Power
Carrier Power Output
Peak Power Output
*At the peak of the a-f cycle with 100% modulation.

OPERATING NOTES
FREQUENCY RANGE

The RK-49 may be operated at the maximum ratings at frequencies up to
15 megacycles. Above 3 5 megacycles the reduced efficiency realized requires
that the plate voltage be reduced to a maximum of 300 volts to prevent the
plate dissipation from exceeding the maximum rated value. The operation of
the tube at frequencies higher than 60 megacycles is not recommended.

EXCITATION
The Class C amplifier characteristic curves show the power output, plate cur-

rent and screen current plotted vs. excitation as denoted by the d-c control
grid current in milliamperes. The power output flattens off around 3 or 4 ma.
of grid current with very little gained above these values. The screen dissipa-
tion increases with excitation and for this reason the excitation should be kept
at a reasonable value.

SHIELDING
Shielding of the grid input tuning system from the plate tuning apparatus is

desirable and will provide improved stability. Due to the high grid to plate
capacitance, the RK-49 requires neutralization.

BIAS
At least 25 volts of fixed bias should be used with 400 volts on the plate

to protect the tube in case of failure of the bias or excitation. Additional bias
may be obtained by the use of a grid or cathode resistor.

CRYSTAL OSCILLATOR
When the RK-49 is used as a crystal controlled oscillator, a 10000 ohm grid

leak and a 400 ohm cathode resistor are recommended to give maximum power
output and easy starting.

PLATE TEMPERATURE
The plate of the RK-49 will not show color when operated at the maximum

rated plate dissipations. Dissipations above the rated value should be avoided.

150^60-

RVERRGE CHRRRC TERISTICS
COn Tl?0L GRID MOPULftTIOli

£> = 6.3 V RC
Ep'400'DC
fc2 = ZSO"PC

f7 v PEHK

OPE
POI

HHTinC
IT

f

j. -c scut EMCb
i-C cotu SOL 0)10 cuwttta

-tO -S5 -SO -IS -40 -3S -30

D-C COtlTHOL agio V0LTRGE - VOLTS
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RAYTHEON AMATEUR TUBES

>
R-F POWER

D-C Plate Voltage
D-C Plate Current
D-C Grid Current .

Plate Dissipation . .

TRIODE
POWER AMPLIFIER

OSCILLATOR
The RK-51 is a triode type power

amplifier tube having a thoriated
tungsten filament, a carbon plate, a
hard glass bulb and an isolantite

base. It is designed for use as a
power amplifier, oscillator or fre-
quency multiplier.

AMPLIFICATION FACTOR 20
FILAMENT RATING

Filament Voltage
Filament Current

DIRECT INTERELECTRODE
Grid to Plate
I nput
Output

AMPLIFIER OR OSCILLATOR—CLASS
TELEGRAPHY

MAXIMUM RATINCS

volts
amp

CAPACITANCES

7.5
3.75

6
6
2.5

Mil
niif

C

—

1 500
150
40
60

volts
ma
ma

watts

D-C Plate Voltage ....
D-C Grid Voltage
D-C Plate Current ....
D-C Grid Current
Peak R-F Input Voltage
R-F Driving Power ....
Power Output

R-F POWER

TYPICAL OPERATION
1250 1500 volts

—200 -250 volts
150 150 ma
38 31 ma
320 365 volts
1

1

10 watts
135 170 watts

AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINCS

D-C Plate Voltage 1500
D-C Plate Current (Carrier) 60
Plate Dissipation I Carrier) 60

TYPICAL OPERATION
D-C Plate Voltage 1500
D-C Grid Voltage —75
D-C Plate Current 60
Peak R-F Input Voltage 170*
R-F Driving Power 3.5 *
Carrier Power Output 30
Peak Power Output 120*
*At the peak of the a-f cycle with 100% modulation.

volts
ma

watts

volts
volts
ma

volts
watts
watts
watts

R-F POWER AMPLIFIER—CLASS C-

MAXIMUM RATINCS

RK-51
-TELEPHONY

D-C Plate Voltage

D-C Plate Current (Carrier)

D-C Grid Current (Carrier) .

Plate Dissipation I Carrier) .

BOTTOM VIEW0F50CKET

TYPICAL OPERATION

Grid

Modulation

1500

60

5

60

Grid
Modulation

Plato

Modulation

1250

105

40
40

Plato

Modulation

volts

ma
ma

watts

D-C Plate Voltage

D-C Grid Voltage

D-C Plate Current

D-C Grid Current

Peak R-F Input Voltage

R-F Driving Power

Carrier Power Output
Peak A-F Modulating Voltage

A-F Modulating Power
Peak Power Output

*At the peak of the a-f cycle with 100% modulation.

OPERATING NOTES

1500 1000 1250 volts

-130 -150--200 volts

60 115 105 ma
0.4 30 17 ma
140 245 290 volts

2.3* 6.6 4.5 watts

32 83 96 watts

65 * 1000*1250* volts

1.05* 58 67 watt!

128* 332* 384* watts

FREQUENCY RANCE
The construction of the RK-51 allows operation at the maximum ratings at

frequencies up to 60 megacycles. Above 60 megacycles the reduced efficiency
realized requires that the plate voltage be lowered to prevent the plate dissipa-
tion from exceeding the maximum rated value.

BIAS

A fixed bias voltage of at least 60 voltt should be used with a plate voltage
of 1500 volts to protect the tube in case of failure of the bias or excitation.
The fixed bias may be reduced with lower plate voltage.

PLATE TEMPERATURE

The plate of the RK-51 will not show color when operated at the maximum
rated plate dissipation. Dissipations above the rated value should be avoided

isot

SO*

A /

¥
AVERAGE PLATE CHARACTERISTICS^^.

ff-7.5'flC

¥/ -

* /
/

\

r *,

/ V
¥/ i

$/
/ / — \V y

4

^>

100 600 000
D-C PLATE VOL TAGE - VOLTS

AVERAGE CHARACTERISTICS
R-F POWER AMPLIFIER-CLASS C
Er '7.5

v AC.

Ep -/S0O"DC
Er -z5o "dc

| r~;e£!

is kid n.s is us zao ?ts iso ns mo sis jso

D-C GRID CURREtiT-MA.

10 30 40 SO 60 70 80 SO 100 110 130 MO ISO 160 170
PERK R-F GRID VOLTAGE -VOLTS

ZOO

ISO

AVERAGE CHARACTERISTICS
GRIP MODULATION
Ef 7.S*AC

-160 -ISO -110 -130 -IZO -110

D-C GRID VOLTAGE-VOLTS
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RK-52 RAYTHEON AMATEUR TUBES RK-52

£i MAX

tsoLflrtnre
4prom
uraaase
BAYONET

TRIODE
POWER AMPLIFIER

OSCILLATOR
The RK-52 is a high-mu triode

type power amplifier tube having a
thoriated tungsten filament, a car-
bon plate, a hard glass bulb and an
isolantite base. It is designed for use
as a power amplifier, oscillator or

frequency multiplier.

FILAMENT RATINC

BOTTOM VltWOFSXKCT

Filament Voltage
Filament Current

7.5
3.75

volts
amp

DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate
Input
Output

12
6.6
2.2

A-F POWER AMPLIFIER—CLASS B—TWO TUBES

MAXIMUM RATINGS

D-C Plate Voltage
D-C Plate Current (per tube I

Plate Dissipation (per tube)

(Average over I cycle)

TYPICAL OPERATION

D-C Plate Voltage
D-C Grid Voltage
D-C Plate Curren* (no signal)
D-C Plate Current max. signal) ....
D-C Grid Current (max. signal)

Peak A-F Grid Voltage (grid to grid)

A-F Driving Power
Load Resistance (plate to plate) ....
Power Output

1250
150
62.5

1250
0
40
300
100
180
7.5
10000
250

llllt

volts
ma

watts

volts
volts
ma
ma
ma

volts
watts
ohms
watts

R-F POWER AMPLIFIER—CLASS C—TELECRAPHY
MAXIMUM RATINCS

D-C Plate Voltage 1500
130
50
60

D-C Plate Current
D-C Grid Current
Plate Dissipation

TYPICAL OPERATION
D-C Plate Voltage 1250 1500
D-C Grid Voltage —120 —120
D-C Plate Current 150 130
D-C Grid Current 41 40
Peak R-F Input Voltage 200 195
R-F Driving Power 7.4 7
Power Output 130 135

R-F POWER AMPLIFIER—CLASS C—TELEPHONY-
PLATE MODULATION
MAXIMUM RATINCS

D-C Plate Voltage
D-C Plate Current
D-C Grid Current .

Plate Dissipation

1250
115
50
40

TYPICAL OPERATION
D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
D-C Grid Current
Peak R-F Input Voltage
R-F Driving Power
A-F Modulating Power . .

Carrier Power Output . .

.

Peak Power Output ....

volts
ma
ma

watts

volts
volts
ma
ma

volts
watts
watts

volts
ma
ma

watts

1000 1250 volts
-120 -120 volts
125 115 ma
41 47 ma
195 200 volts
7.2 8.5 watts
63 72 watts
90 105 watts
360 420 watts

OPERATINC NOTES
FREQUENCY RANCE
The construction of the RK-52 allows operation at the maximum ratings at

frequencies up to 60 megacycles. Above 60 megacycles the reduced efficiency
realixed requires that the plate voltage be lowered to prevent the plate dissipa-
tion from exceeding the maximum rated value.

PLATE TEMPERATURE
The plate of the RK-52 will not show color when operated at the rated plate

dissipation. Dissipations above the rated value should be avoided.

I
ISO I

Of

i
'Si

[

4

1

s£ AVERAGE PLATE
CHARACTERISTICS

Er -7-S YRC

\ -ft

\

*+ £

=+10V

600 HOO I0O0 1200
D-C PL/tTE VOLTRGE- VOLTS

AVERAGE CHARACTERISTICS
R-F POWER AMPLIFIER-CLASS C

Ef -l.S "DC.

E-*1S00 V0C

IS 10 IS 30
D-C SKID CUeKEtlT-MR.

AVERAGE CHARACTERISTICS
A-FPOWER AMPLIFIER-CLASSB-TW0 TUBES
Ef -7.S VRC Ec ' O E„.F '127 RMS GRIP TO GRID

9 10 II 12
PIUTE T0PLRTE LORD RESISTANCE -KIL0HMS

i> L

AVERAGE CHARACTERISTICS
A-FPOWER AMPLIFIER-CLASSB-TWO TUBES*
Ef7.S YHC

SO M SO SO 70 SO 90 100

/t-F GRIP TO GRIP VOLTRGE- YOLTS RMS
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RK-100 RAYTHEON AMATEUR TUBES RK-IOO
CASEOUS DISCHARCE TRIODE

POWER AMPLIFIER sr-
OSCILLATOR

The RK-100 is a heater type gas-
eous discharge tube designed for use
as a power amplifier or oscillator.

The RK-100 differs from conven-
tional tubes in that it contains mer-
cury vapor and an auxiliary grid,

number one grid, which acts as an anode for the ionizing

discharge and as a virtual cathode for the amplifier sec-
tion ot the tube. In practice the actual cathode is used
as the zero potential point for the circuit returns.

HEATER RATING

scmMiimorxcm

Heater Voltage
Heater Current

6.3
0.9

volts
amp

DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 1? jn/tf

Input
Output

23
3

D-C Plate Voltage
D-C Plate Current
D-C Control Crid Current
D-C Ionizing Current
Plate Dissipation

A-F POWER AMPLIFIER—CLASS
MAXIMUM RATINCS

150

TYPICAL OPERATION—SINCLE TUBE
D-C Plate Voltage
D-C Control Crid Voltage
D-C Ionizing Current
D-C Plate Current Ino signal)

D-C Control Crid Current (max. signal) .

A-F Crid Voltage I RMS)
Amplification Factor
Plate Resistance
Transconductance
Load Resistance
Power Output (10% Total Distortion) .

1 10
-1.6
150
50
7

6
40
3600
12000
1600
3.2

250
100
250
15

110
-1.6
250
65
8.5
6
40
2500
16000
1100
4.2

volts
ma
ma
ma

watts

volts
volts
ma
ma
ma

volts

ohms
itmhos
ohms
watts

TYPICAL OPERATION
D-C Plate Voltage
D-C Control Crid Voltage
D-C Ionizing Current (per fubel . .

D-C Plate Current (no signal) ....
D-C Control Crid Current (max. signal)
A-F Crid Voltage (grid to grid) (RMS)
Load Resistance (plate to plate)

Power Output (10% Total Distortion)

PUSH-PULL—TWO TUBES

B0 120 160 200
D-C PLRTE VOLTAGE-VOLTS

AVERAGE CHARACTERISTICS

R-FPOWER AMPLIFIER-CL.C
Ef-6.3"K Ep-IIOyDC Iff 21MR
GRID LEAK -500*
D-C I0MIZING CURRENT* 250MR
P C IONIZING CURRENT'J50MR

: powes

f- ^

R-F PRIYIH ; powek

1 1 1

5

I
iii

300 too soo
imp resistance-ohms

600°

AVERAGECHRRRCTERIS TICS
R-FPOWER RMPUFIER-CL.C
Eft.3"K Ep-II0'DC R

t
- 200s1

6BID LERK-500*-
D-C WHIZING CURR.'ZSOMR.
d-c lomimo com.'

i

soma
«3

10 20 30 10
D-C 6RIP CURRENT-MA.

R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C
MAXIMUM RATINCS

D-C Plate Voltage
D-C Plate Current
D-C Control Crid Current
D-C Ionizing Current . . . .

Plate Dissipation

150
250
100
250
15

TYPICAL OPERATION—R-F OSCILLATOR—CLASS C
D-C Plate Voltage
D-C Ionizing Current
D-C Plate Current
D-C Control Crid Current
Control Crid Resistor
Power Output

1 10
150
80
8
500
3.5

volts
ma
ma
ma

watts

volts
ma
ma
ma

ohms
watts

110 110 volts
150 250 ma
175 185 ma
39 40 ma
500 500 ohms
55 55 volts
2 2.1 watts
11 12 watts

TYPICAL OPERATION—R-F AMPLIFIER—CLASS C
D-C Plate Voltage
D-C Ionizing Current
D-C Plate Current
D-C Control Grid Current
Control Crid Resistor
Peak R-F Input Voltage
Driving Power
Power Output

OPERATINC NOTES
IONIZINC DISCHARCE CIRCUIT

Under all conditions a separate current limiting resistor should be use"i in

series with the number one grid ot each tube in order to limit the dischargp
current to or under the rated value, as the voltage drop from the number one
grid to the cathode is approximately 10 volts.

CIRCUIT OPERATION
The operation of the RK-100 is similar to that of a conventional high vacuum

tube except for the ionizing discharge mentioned above and the markedly differ-

ent values of tube parameters such as high transconductance and high grid
current.

The internal impedance of the RK-100 is very low with a large signal on the
grid. This makes it necessary to tap down on the output plate coil to match
the low tube impedance. The input impedance is low so relatively few turns
are required on the secondary of the driver transformer for optimum conditions.
The above characteristics, low input and output impedances, make it difficult

to obtain the same power from a self-excited oscillator as can be obtained from
a driven amplifier. The power necessary to drive the tube may be obtained
from conventional tubes such as the type 48 or one RK-100 will drive two
RK-100 tubes.

IMPORTANT
When first placing the RK-100 in operation it should be allowed to warm up

for about 15 minutes to insure that no drops of mercury are shorting the
elements. Thereafter, this precaution need not be taken unless the tube has
been handled in such a way as to get mercury on the elements.

— «

ftVERRGE CHRRRCTERISTICS

R-FPOWER AMPLIFIER
CLASS R- SINGLE TUBE

6.3'HC E,-II0'DC Ecl -l.6 rDC
ffemi^e'R'nia

DC lOMIZm CURR-2S0M
.dc lOKizmo cuRf- isom

1

RVERR6ECHABRCTERIS,

R-F POWER AMPLIFIER
CLRSS ft-SINGLE TUBE
Ef-WM Ef-110'DC Etf-l.t'DC

DCHmizinecvet-!S0MA_
'

LORD RESIST/VICE- 1100* I

DCI0W2IIKCVRR-IS0»t\
uaiRnisTtmci'itoo"- r

0.5 1.0 I.S 2.0 2.5 10 3.

LORD RESISTANCE -IfIL0HMS

50% .

2 16
SIGNAL- VOLTS RMS

RVERRGE CHARACTERISTICS

R-F POWER AMPLIFIER -CL. ft.

PUSH-PULL TWO TUBES
Ef-6.3"K Ep-IIO'DC Erf-l.fDC
SIGNAL - 12'RMS GRID TO GRID

D-CIONIZING CURR-Z50MR—
QC lOniZim CURRM50UR—

2 3 1 5 6 T
LORD RESISTANCE -KIL OHMS

PLRTE TOPLRTE

AVERAGE CHARACTERISTICS
A-FPOWER AMPLIFIEP-CLR.

PUSH-PUSH TWO TUBES
Ef-&3"RC Ep-II0'DC Ej-U'X/ <S*1

d-c ionizing curr- tioim
LORD RESISTANCE- 201

4 fl 12

SIGNAL -VOLTS RMS
GRID TO GRIP
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841
842
864

RAYTHEON AMATEUR TUBES

841
TRIODE

POWER AMPLIFIER
OSCILLATOR

The 841 is a high-mu triode type
power amplifier tube having a thori-

ated tungsten filament and an iso-

lantite base It is designed for use
as a power amplifier or oscillator.

FILAMENT RATINC
Filament Volt. 7.5

Filament Cur. 1.25

DIR. INTERELEC. CAPAC.

volts
amp

BOTTOM VICW OF SOCKET

Grid to Plate
Input
Output H/if

-CL. A—RES. COUPLED

864
TRIODE

AMPLIFIER
DETECTOR

The 864 is a filament type triode

amplifier tube designed for use as a

detector or audio frequency ampli-
fier in applications requiring a non-
microphonic tube.

FILAMENT RATINC

841
842
864

A-F AMPLIFIER-
MAXIMUM RATINCS
D-C Plate Voltage 425
D-C Plate SuppFy Voltage 1250
Plate Dissipation 12

TYPICAL OPERATION
D-C Piste Supply Voltage 425;
D-C Grid Voltage -6
D-C Plate Current 0.7

Amplification Factor 30
Plate Resistance 63000
Transconductance 450
Peak A-F Grid Voltage 6
Load Resistance 0.25
Voltage Output (5% second harmonic) 126

A-F POWER AMPLIFIER—CLASS B—TWO TUBES
MAXIMUM RATINCS

D-C Plate Voltage
D-C Plate Current iwith signal—per tube)
Plate Dissipation iper tube)

TYPICAL OPERATION

1000;
—9

2.2
30
40000
750
9
0.25
225

425
60
15

D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current (no signal)
D-C Plate Current (max. signal)
Peak A-F Crid Voltage (grid to grid)

Load Resistance (plate to plate)

Power Output (max. signal) I approximate) . .

Driving Power (max. signal) (approximate).

350
-5
7
114
176
5200
21
3.2

425
-5
13
120
180
7000
28
3.6

R-F POWER AMPLIFIER OR OSCILLATOR—CLASS
MAXIMUM RATINCS

D-C Plate Voltage—Telegraphy 450
D-C Plate Voltage— Telephony—Plate Modulation 350
D-C Plate Current 60
D-C Crid Current 20
R-F Grid Current 4

-Telegraphy 15
Telephony—Plate Modulation 10

Plate Dissipation -

Plate Dissipation-

volts
volts
watts

volts
volts
ma

ohms
/imhos
volts

megohm
volts

volts
ma

watts

volts
volts
ma
ma

volts
ohms
watts
watts

volts
volts
ma
ma
amp

watts
watts

Telephony Telegraphy

Plate Modulation

250 350 350 450 volts
—40 —47 -30 -34 volts

50 50 50 50 ma
15 15 15 15 ma
125 130 115 120 volts

2 1.8 1.8 watts
7 1

1

1

1

15 watts
6.3 8.8 watts
28 44 watts

TYPICAL OPERATION
D-C Plate Voltage
D-C Crid Voltage
D-C Plate Current
D-C Grid Current
Peak R-F Crid Voltage
R-F Driving Power
Carrier Power Output
A-F Modulating Power
Peak Power Output
;Voitage effective at the plate is less than the plate supply voltage by
•n the load resistor.

842
TRIODE

POWER AMPLIFIER
The 842 is a low-mu triode type power amplifier tube having a

tungsten filament and an isolantite base. It is designed for use as
frequency power amplifier.

FILAMENT RATINC
Filament Voltage
Filament Current

DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate
Input
Output

the drop

7.5
1.25

thoriated
an audio

volts
amp

Mif
nnf

A-F POWER AMPLIFIER—CLASS
MAXIMUM RATINCS

D-C Plate Voltage . . .

Plate Dissipation

TYPICAL OPERATION
D-C Plate Voltage
D-C Crid Voltage
D-C Plate Current
Peak A-F Crid Voltage
Amplification Factor
Transconductance
Plate Resistance
Load Resistance
Power Output (5% second harmonic)

For tube outline and basing view see type 841.

425 volts
12 watts

350 425 volts
72 — 100 volts
34 28 ma
67 95 volts
3 3
1250 1200 (timhos
2400 2500 ohms
5000 8000 ohms
2.1 3.0 watts

Filament Volt.
Filament Cur.

1.1

0.25
volts
amp BOTTOM VIEWOFSOCKH

DIRECT INTERELECTRODE
CAPACITANCES

Grid to Plate 5.3 n/if

Input 2.3 /i/if

Output 2.1 jujuf

A-F AMPLIFIER—CLASS A
MAXIMUM RATINC

D-C Plate Voltage

TYPICAL OPERATION
D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
Amplification Factor
Transconductance
Plate Resistance

Grid Coupling Resistor, if used, must not exceed 2.0 megohms

DETECTOR—BIASED TYPE
MAXIMUM RATINC

135 volts

90 135 volts
-4.5 -9.0 volts
2.9 3.5 ma
8.2 8.2
610 645 /imhos
13500 12700 ohms

135 volts

TYPICAL OPERATION

D-C Plate Voltage . . .

D-C Plate Voltage 90
D-C Grid Voltage -10.5
D-C Plate Current Adjusted to 0.2 ma with no signal

DETECTOR—CRID LEAK TYPE
MAXIMUM RATINC

135
-15

volts
volts

D-C Plate Voltage

D-C Plate Voltage
Crid Leak
Grid Condenser . . .

45 volts

TYPICAL OPERATION
45 volts
0.25-5 megohms
0.0025 nf

AVERAGE PLRTE CHflRfiCTZRISTICS
Efl.l*P.C.

so too no mo mo

0-C PLRTE Y0LTRGe -VOLTS

ZOO 210 200
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866A
866
872A

866A

MERCURY VAPOR TYPE
HALF-WAVE RECTIFIER

The 866A is a half-wave, shielded,
filament type mercury vapor recti-
fier lube particularly suited for high
voltage d-c power supplies. Twc
type 866A tubes in a full wave rec-
tifier circuit with a choke input
filter will supply a maximum of 3000
volts d.c. at a drain of 500 milliam-
peres.

RAYTHEON AMATEUR TUBES

FILAMENT RATING
Filament Volt. 2.5
Filament Cur. 5.0

vo'fs BOTTOM VimOFSOCKETamp

MAXIMUM RATINCS—TEMP.
25"—60° C.

Peak Inverse Voltage .

Peak Plate Current . .

.

Average Plate Current
Tube Voltage Drop . . .

RANGE

10000
1.0

0.25
10 approx.

volts
amp
amp
volts

TYPICAL OPERATION

Single-phase
Full-Wave
Two Tubes
Choke Input

Single-phase
Full-Wave
Two Tubes
Condenser Input

Single-phase
Full-Wave
Bridge Circuit
Four Tubes
Choke Input

A-C Input
Voltage
RMS Volts

3535 per tube
3000 "

2000 "

1500 "

3535 "

3000 "

2000 "

1500 "

Maximum
D-C Output
Volts To
Filter

3180
2700
1800
1350

3950
3390
2260
1700

6360
5400
4500
3600

OPERATINC NOTES

One Section Filter

Minimum Maximum Maximum
Choko Condenser D-C Output

Henries Mfds. Curren^

<U <C) Amperes

8.0 1.25 0.5
6.8 1.50 0.5
4.5 2.1 0.5
3.4 2.8 0.5

0.25
0.25
0.25
0.25

16.0 0.6 0.5
13.5 0.7 0.5
11.0 0.9 0.5
8.9 1.1 0.5

Values of L and C given under "Typical Operation" are selected to hold the
peak surge current within the maximum rating. If a larger value of L is used
the capacity may be increased in proportion to the increase in L. L and C of a
two section filter are determined as shown above. If two unequal chokes are
used, place the larger choke nearer the tube. With a two section filter and
the minimum L and the maximum C shown above, the total ripple will be less

than 5%.

CAUTION
In shipment drops of mercury may be shaken onto the filament. Before the

plate voltage is applied to a new tube the filament should be burned at normal
voltage for at least 15 minutes. The filament should be allowed to come up to
operating temperature before plate voltage is applied. For average conditions
the delay is approximately 30 seconds.
The tube should always be mounted vertically with the top cap up.
A socket with heavy, tight prongs should be used and the filament voltage

should measure exactly 2.5 volts at the socket in order to insure long life.

866
MERCURY VAPOR TYPE
HALF-WAVE RECTIFIER

The 866 is a half-wave filament type mercury vapor rectifier tube particu-
larly suited for medium drain d-c power supplies and linear amplifier bias packs.
Two types 866 tubes in a full-wave rectifier circuit with a choke input filter
will supply a maximum of 2000 d.c. at a drain of 500 ma.

FILAMENT RATINC
Filament Voltage 2.5 volts
Filament Current 5.0 amp

MAXIMUM RATINCS—TEMP. RANGE 10°—60° C.
Peak Inverse Voltage 7500 volts
Peak Plate Current 1 .0 amp
Average Plate Current 0.25 amp
Tube Voltage Drop (approximate) 15 volts

TYPICAL OPERATION
u . One Seetlon Filter

A-C Input „
M"iTm . Minimum Maximum Maximum

Circuit Voltage D-C Output Cn<lk, Condenser Dc Of*'"*

RMS Volts V°',t
.

lTo Henries Mfds. Current
Filter Amperes

Single-phase "| 2650 per Tube 2385 2.0 1.6 0.5
Full-Wave 12000 " " 1800 4.9 1.8 0.5
Two Tubes [1500 " " 1350 3.3 2.8 0.5
Choke Input J 1000 " " 900 2.1 4.2 0.5

Single-phase \ 2650 " " 3000 — — 0.25
Full-Wave 12000 " " 2260 — — 0.25
Two Tubes [1500 " " 1700 — — 0.25
Condenser Input J 1000 " " 1150 —

• — 0.25

F^f-Wavf* ] 5000 total 4770 12.0 0.8 0.5

Bridge Circuit ^50° " 4°50 10.0 1.0 0.5

Four Tubes M0O0 " 3600 8.4 1.2 0.5

Choke"Kput J 3500 " 2700 6.8 1.5 0.5

For tube outline, basing view and operating notes see type 866A.

37ZA
MERCURY VAPOR TYPE
HALF-WAVE RECTIFIER

The 872A is a half-wave, shielded
filament type mercury vapor rectifier

tube designed for heavy current,
high voltage power supplies. Two
type 872A tubes in a full-wave rec-
tifier circuit with a choke input fil-

ter will supply a maximum of 2.5
amperes at 5000 volts d.c.

866A
866
872A

FILAMENT RATINC
Filament Volt. 5.0
Filament Cur. 6.75

volts,

amp BOTTOM YIEWOFSOCKCT

RANCE

JUMBO
4LflPGFPIH
BAYONET
S/tSr (1839)

MAXIMUM RATINGS—TEMP.
20°—60° C.

Peak Inverse Voltage 1000 volts
Peak Plate Current 5.0 amp
Average Plate Current 1.25 amp
Tube Voltage Drop (approx.).. 10 volts

TYPICAL OPERATION
Maximum A-C Apprvx. D-C Minimum

Single-phase
Full-Wave
Two Tubes

Single-phase
Fu If-Wave
Bridge Circuit
Four Tubes

}

Input Volts

(RMS)

3535 per tube

7070 total

Output Volts D-C Output

Ta Filter Current—An»p.

3180

6360

2.5

The values given above are for a sine wave input voltage and with a suitable
choke before the first filter condenser.

CAUTION
In shipment drops of mercury may be shaken onto the filament. Before the

plate voltage is applied to a new tube the filament should be burned at normal
voltage for at least 1 5 minutes.

In normal operation the filament should be brought up to operating tempera-
ture at least 30 seconds before the plate voltage is applied.

The tube should always be mounted vertically with the top cap up.
A socket with tight, heavy prongs should be used and the filament voltage

should measure exactly 5.0 volts at the socket to insure long life.

CIRCUITS FOR MERCURY-VRP0R RECTIFIER TUBES

SlliGLE-PHRSE FULL WflVE TWO TUBES

TOSIttOLE-PHKE
SUPPLY

*0.<H5E.M.

SINGL E-PURSE FULL WRVE BRIDGE CIRCUIT FOUR TUBES

TO SIMSLE PHR5E SUPPLY

THREE PHRSE HRLE WRVE THREE TUBES

tn-0JSHCh

" !''"> E,m
EfffYFK5B =Zt>9 £AY

^mspmscsum TO ONEPHASEOF
3PHRSE SUPPLY

The values of E.v, Euthh, and I.-.

1. Sine Wave Supply Voltage

2. Equal Phase Voltages

are based on

3. Zero Tube Voltage Drop
4. Pure Resistance Load—No Filter

Rev April 8. 1938 CS-1587
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CONVERSION CURVES
The following curves. Fig. Nl, N2 and N3, may be used to find the approxi-

mate operating conditions for Class A power amplifier triodes; tetrodes or

pentodes at other than the published operating conditions.

Fig. Nl should be used for triodes operated at other than the published plate

voltage and for tetrodes or pentodes operated at other than the published

plate and screen voltages. For example, suppose it is desired to operate a Class

A pentode power amplifier at a plate and screen voltage 20% lower than the
published values. The percent change from the published operating conditions
may be read at the intersections of the curves with the —20% ordinate. Thus,
for a 20% decrease in plate and screen voltages, the grid bias should be de-
creased 20% or the bias resistor increased 12%, the load resistance should be
increased 12%, the plate and screen currents will be decreased 27% and the
power output will decrease 48%. Values for triodes may be obtained from the
curves in the same manner.

Fig. N2 should be used for tetrodes and pentodes where only the plate volt-

age is changed and the values are read from the curves in the same way as in

Fig. Nl.

Fig. N3 should be used for tetrodes and pentodes where only the screen volt-
age is changed and the values are read from the curves as in the previous
figures. Tetrodes and pentodes should not be operated with the scieen voltage
appreciably higher than the plate voltage.

When choosing new operating conditions for any tube, the published maxi-
mum ratings should not be exceeded.
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RESISTANCE-COUPLED AMPLIFIER DESIGN
CURVES

The curves in Figs. PI to P7 give circuit design data for use with the heater
type tubes commonly used in resistance-coupled amplifiers. The curves show
the proper value of cathode resistor, R,., for use with several values of plate

resistor, Ri., at plate supply voltages from 90 to 300 volts. The values of out-

put voltage, E„, ipeak volts) at maximum signal and the voltage gain, VC are

also shown by the curves.

The value of the coupling condenser, C, depends on the value of Re, the grid

resistor for the following tube and for approximately 75 percent of the high
frequency response at 60 cycles, the value will be:

C — microfarads 0.003
(PI)

Rg— megohms r„

The curves were plotted using a value of R g = 2Rr, in all cases.

For the condition, Rg — Ri„ the value of R« from the curves should be de-
creased 15%.

For the condition, R 8
— 4Rr., the value of R„ from the curves should be in-

creased 10%.
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The value of R K should not exceed the maximum value allowable in the grid
circuit of the following tube.
The proper value of cathode by-pass condenser, Cc, may be found from the

relation:

7000
C = (Pll)

microfarads

R c = ohms

The value of the series screen resistor, R, t , for use with pentodes may be
found from the curves and the screen by-pass condenser should be at least
0.05 to 0.1 microfarads.

The curves in Fig. P8, P9 and P10 apply to two-volt tubes and are similar
to those in the previous figures except that values of grid bias instead of
cathode resistor are shown.
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RAYTHEON RECEIVING TUBES
Raytheon manufactures a complete line of radio receiving tubes which are

listed below. Complete data on these types can be found in the Raytheon
Databook on receiving tubes which also includes data on Raytheon Resistor

Tubes for both ac-dc and battery operated receivers and data on Raytheon
Panel Lamps.

This receiving tube Databook contains general technical information on re-

ceiving tube characteristics and operation in addition to the ratings and
characteristic curves of individual tube types. It may be obtained from your
dealer or directly from the Raytheon Production Corp. at a price of twenty-five
cents.

Type No.

00A
0IA
0Z4
0Z4G
1A4-T
1A6
1B4/95I
1B5/255
1C6
1C7G
ID5C-P
1D7G
IE5C-P
1E7C
1F4
1F5C
1F6
1F7C
1C5G
1H4C
1H6G
1 ISC
1J6G
1-V

2A3
2A3H
2A5
2A6
2A7
2B7
5T4
5U4G
5V4G
5VV4
5W4G
5X4G
5Y3G
5Y4G
5Z3
5Z4
6A3
6A4/LA
6A5G
6A6
6A7
6A8
6A8G
6AB5
6AC5G
6B4G
6B5
686G
6B7
6B8
6B8G
6C5
6C5G
6C6
6C8G
6D6
6D8G
6E5
6E6
6F5
6F5G
6F6
6F6G
6F7
6F8G
6G5/6H5
6G6G
6H6
6H6G
615
6J5G
6)7
6|7G
6J8G
6K5G
6K6G
6K7
6K7G
6L5G
6L6
6L6G
6L7
6L7G
6N5
6N6G
6N6MG
6N7
6N7G
6P7G
6Q7
6Q7G
6R7
6R7G
6S7G
6T5
6T7G/6Q6G

Structure

Triode
Triode
Twin Diode
Twin Diode

Tetrode
Heptode
Pentode
Duo-Diode Triode
Heptode
Heptode
Pentode
Heptode
Pentode
Twin Pentode
Pentode
Pentode
Duo- Diode Pentode
Duo-Diode Pentode
Pentode
Triode
Duo-Diode Triode
Pentode
Twin Triode
Diode

Triode
Triode
Pentode
Duo-Diode Triode
Heptode
Duo-Diode Pentode

Twin Diode
Twin Diode
Twin Diode
Twin Diode
Twin Diode
Twin Diode
Twin Diode
Twin Diode
Twin Diode
Twin Diode

Triode
Pentode
Triode
Twin Triode
Heptode
Heptode
Heptode
Cathode Ray
Triode
Triode
Duo-Triode
Duo-Diode Triode
Duo-Diode Pentode
Duo-Diode Pentode
Duo-Diode Pentode
Triode
Triode
Pentode
Twin Triode
Pentode
Heptode
Cathode Ray
Twin Triode
Triode
Triode
Pentode
Pentode
Triode Pentode
Twin Triode
Cathode Ray
Pentode
Twin Diode
Twin Diode
Triode
Triode
Pentode
Pentode
Triode Heptode
Triode
Pentode
Pentode
Pentode
Triode
Tetrode
Tetrode
Heptode
Heptode
Cathode Ray
Duo-Triode
Duo-Triode
Twin Triode
Twin Triode
Triode Pentode
Duo-Diode Triode
Duo-Diode Triode
Duo-Diode Triode
Duo-Diode Triode
Pentode
Cathode Ray
Duo-Diode Triode

Cathode Us*

5.0 volt Filament Detector

5.0 volt Filament Detector or Amplifier

Cold Full Wave Rectifier

Cold Full Wave Rectifier

2.0 volt Filament Remote Cutoff Amplifier

2.0 volt Filament Frequency Converter
2.0 volt Filament Detector or Amplifier

2.0 volt Filament Detector Amplifier

2.0 volt Filament Frequency Converter

2.0 volt Filament Frequency Converter

2.0 volt Filament Remote Cutoff Amplifier

2.0 volt Filament Frequency Converter

2.0 volt Filament Detector or Amplifier

2.0 volt Filament Power Amplifier

2.0 volt Filament Power Amplifier

2.0 volt Filament Power Amplifier

2.0 volt Filament Detector Amplifier

2.0 volt Filament Detector Amplifier

2.0 volt Filament Power Amplifier

2.0 volt Filament Detector or Amplifier

2.0 volt Filament Detector Amplifier

2.0 volt Filament Power Amplifier

2.0 volt Filament Power Amplifier

6.3 volt Heater Half Wave Rectifier

2.5 volt Filament Power Amplifier

2.5 volt Heater Power Amplifier

2.5 volt Heater Power Amplifier

2.5 volt Heater Detector Amplifier

2.5 volt Heater Frequency Converter
2.5 volt Heater Detector Amplifier

5.0 volt Filament Full Wave Rectifier

5.0 volt Filament Full Wave Rectifier

5.0 volt Heater Full Wave Rectifier

5.0 volt Filament Full Wave Rectifier

5.0 volt Filament Full Wave Rectifier

5.0 volt Filament Full Wave Rectifier

5 0 volt Filament Full Wave Rectifier

5.0 volt Filament Full Wave Rectifier

5.0 volt Filament Full Wave Rectifier

5.0 volt Heater Full Wave Rectifier

6.3 volt Filament Power Amplifier

6.3 volt Filament Power Amplifier

6.3 volt Heater Power Amplifier
6.3 volt Heater Power Amplifier
6.3 volt Heater Frequency Converter
6.3 volt Heater Frequency Converter
6.3 volt Heater Frequency Converter
6.3 volt Heater Tuning Indicator

6.3 volt Heater Power Amplifier
6.3 volt Filament Power Amplifier

6.3 volt Heater Power Amplifier
6.3 volt Heater Detector Amplifier
6.3 volt Heater Detector Amplifier
6.3 volt Heater Detector Amplifier
6.3 volt Heater Detector Amplifier
6.3 volt Heater Detector or Amplifier

6.3 volt Heater Detector or Amplifier

6.3 volt Heater Detector or Amplifier
6.3 volt Heater Amplifier or Phase Inverter
6.3 volt Heater Remote Cutoff Amplifier
6.3 volt Heater Frequency Converter
6.3 volt Heater Tuning Indicator

6.3 volt Heater Power Amplifier
6.3 volt Heater Amplifier
6.3 volt Heater Amplifier
6.3 volt Heater Power Amplifier
6.3 volt Heater Power Amplifier
6.3 volt Heater Amplifier or Converter
6.3 volt Heater Amplifier
6.3 volt Heater Tuning Indicator

6 3 volt Heater Power Amplifier
6.3 volt Heater Detector
6.3 volt Heater Detector
6.3 volt Heater Amplifier
6.3 volt Heater Amplifier
6.3 volt Heater Detector or Amplifier
6.3 volt Heater Detector or Amplifier
6.3 volt Heater Frequency Converter
6.3 volt Heater Amplifier
6.3 volt Heater Power Amplifier
6.3 volt Heater Remote Cutoff Amplifier
6.3 volt Heater Remote Cutoff Amplifier
6.3 volt Heater Detector or Amplifier
6.3 volt Heater Power Amplifier
6.3 volt Heater Power Amplifier
6.3 volt Heater Mixer or Amplifier
6.3 volt Heater Mixer or Amplifier
6.3 volt Heater Tuning Indicator
6.3 volt Heater Power Amplifier
6.3 volt Heater Power Amplifier
6.3 volt Heater Power Amplifier
6.3 volt Heater Power Amplifier
6.3 volt Heater Amplifier or Converter
6.3 volt Heater Detector Amplifier
6.3 volt Heater Detector Amplifier
6.3 volt Heater Detector Amplifier
6.3 volt Heater Detector Amplifier
6.3 volt Heater Remote Cutoff Amplifier
6.3 volt Heater Tuning Indicator
6.3 volt Heater Detector Amplifier
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Type No. Structure Cathode Use

6U5 Cathode Ray 6.3 volt Heater Tuning Indicator
6U7G Pentode 6.3 volt Heater Remote Cutoff Amplifier
6V6 Tetrode 6.3 volt Heater Power Amplifier
6V6C Tetrode 6.3 volt Heater Power Amplifier
6V7C Duo-Diode Triode 6.3 volt Heater Detector Amplifier
6W5G Twin Diode 6.3 volt Heater Full Wave Rectifier
6X5 Twin Diode 6.3 volt Heater Full Wave Rectifier

Twin Diode o.j voir neater Full Wave Rectifier
6Y6G Pentode 6.3 volt Heater Power Amplifier
6Y7G Twin Triode 6.3 volt Heater Power Amplifier
6Z7G Twin Triode 6.3 volt Heater Power Amplifier
6ZY5G Twin Diode 6.3 volt Heater Full Wave Rectifier

10 Triode 7.5 volt Filament Power Amplifier
12A Triode 5.0 volt Filament Detector or Amplifier
12A5 Pentode 1 2.6/6.3 v. Heater Power Amplifier
12A7 Diode Pentode 1 2.6 volt Heater Rectifier Power Amplifier
1 2Z3 Diode 1 2.6 volt Heater Half Wave Rectifier
1 r
1 J Pentode 2.0 volt Heater Amplifier
1 9 Twin Triode 2.0 volt Filament Power Amplifier

Triode 3.3 volt Filament Power Amplifier
ZZ Tetrode 3.3 volt Filament Amplifier
ZtA Tetrode 2.5 volt Heater Detector or Amplifier

25A6 Pentode 25 volt Heater Power Amplifier
25A6G Pentode 25 volt Heater Power Amplifier
25A7G Diode Pentode 25 volt Heater Rectifier Power Amplifier
25B6G Pentode 25 volt Heater Power Amplifier
Z3LD Tetrode 25 volt Heater Power Amplifier
Z DLDVj Tetrode 25 volt Heater Power Amplifier
Z3Z.3 Twin Diode 25 volt Heater Rectifier Voltage Doubter
z3z.o Twin Diode 25 volt Heater Rectifier Voltage Doubler
Z 3£OU Twin Diode 25 volt Heater Rectifier Voltage Doubler

26 Triode ] 5 volt Filament Ampl if ier

27 Triode 2.5 volt Heater Detector or Amplifier
30 Triode 2 0 volt Filament Detector or Amplifier
31 Triode 2 0 volt Filament Power Amplifier
32 Tetrode 2 0 volt Filament Detector or Amplifier
33 Pentode 2 0 volt Filament Power Amplifier
34 Pentode 2 0 volt Filament Remote Cutoff Amplifier
35/51 Tetrode 2.5 volt Heater Remote Cutoff Amplifier
36 Tetrode 6 3 volt Heater Defector or Amplifier
37 Triode 6 3 volt Heater Detector or Amplifier
38 Pentode 6 3 volt Heater Power Amplifier
39/44 Pentode RpmAli> Ciitnff Amnlifi*>r
40 Triode 5 0 volt Filament Amplif ier

41 Pentode 6 3 volt Heater Power Amplifier
42 Pentode 6 3 volt Heater Power Amplifier
43 Pentode 25 volt Heater Power Amplifier
45 Triode 2.5 volt Filament Power Amplifier
46 Dual Grid Triode 2.5 volt Filament Power Amplifier
47 Pentode 2 5 volt Filament Power Amplifier
48 Pentode 30 volt Heater Power Amplifier
49 Dual Grid Triode 2.0 volt Filament Power Amplifier
50 Triode 7.5 volt Filament Power Amplifier
52 Dual Grid Triode 6.3 volt Filament Power Amplifier
53 Twin Triode 2.5 volt Heater Power Amplifier
55 Duo-Diode Triode 2.5 volt Heater Detector Amplifier
56 Triode 2.5 volt Heater Detector or Amplifier
57 Pentode 2.5 volt Heater Detector or Amplifier
58 Pentode 2.5 volt Heater Remote Cutoff Amplifier
59 Pentode 2.5 volt Heater Triple Grid Power Amplifier
71A Triode 5.0 volt Filament Power Amplifier
75 Duo-Diode Triode 6.3 volt Heater Detector Amplifier
76 Triode 6.3 volt Heater Detector or Amplifier
77 Pentode 6.3 volt Heater Detector or Amplifier
78 Pentode 6.3 volt Heater Remote Cutoff Amplifier
79 Twin Triode 6.3 volt Heater Power Amplifier
80 Twin Diode 5.0 volt Filament Full Wave Rectifier
81 Diode 7.5 volt Filament Half Wave Rectifier
82 Twin Diode 2.5 volt Filament Full Wave Rectifier
83 Twin Diode 5.0 volt Filament Full Wave Rectifier
83V Twin Diode 5.0 volt Heater Full Wave Rectifier
B1 ! OZ.*t Twin Diode 6.3 volt Heater Full Wave Rectifier

Duo-Diode Triode 6.3 volt Heater Detector Amplifier
89 Pentode 6.3 volt Heater Triple Grid Power Amplifier
7JKJ Pentode 2.0 volt Filament Power Amplifier

BA Twin Diode Cold Full Wave Rectifier

BH Twin Diode Cold Full Wave Rectifier

BR Diode Cold Half Wave Rectifier

WD-l

1

Triode \ .1 volt Filament Detector or Amplifier
WX-12 Triode \ . 1 volt Filament Detector or Amplifier
V-99 Triode 3.3 volt Filament Detector or Amplifier
X-99 Triode 3.3 volt Filament Detector or Amplifier

Typo

No.

R51
R55

AUTOMOTIVE TYPES

Volts Amp). CP.

8 0.2
0.4

R40
R41
R42
R46
R48
R292

0
5

R40A
R43
R44
R45
R49
R49A

3 1/2
4 1/2

Min. Bayonet
Min. Bayonet

R50

Bead

Color

White
White

L.C.L. M.O.L.

Inches Inches

1/2
1/2

15/16
1 1/16

R51 R55

J i

- -1

ft 50 ?5I R55

RAYTHEON TUBES FOR
SPECIAL APPLICATIONS

Raytheon develops and manufactures tubes of all kinds for industrial and
special applications and has facilities for rendering engineering service on the
use of such tubes.

Included in these special types are rectifiers ranging in size from small
battery charging bulbs to high power industrial rectifiers, thyratrons of both
the gas filled and mercury vapor types and permatrons.

The permatron is a new form of gas or vapor filled tube in which the break-
down voltage is controlled by means of a magnetic field instead of a grid.

Further information on these types may be obtained on request.

RAYTHEON MINIATURE LAMPS

RADIO PANEL TYPES

T*p« Bead L.C.L. M.O.L.

No. Volts Amps. CP. Bulb Base Color Inches Inches

R40 6-8 0.15 0.5 T-3 1/4 Min. Screw Brown 29/32 1 1/8

R40-A 6-8 0.15 0.5 T-3 1/4 Min. Bayonet Brown 23/32 1 1/8

R41 2.5 0.5 0.5 T-3 1 /4 Min. Screw White 29/32 1 1/8

R42 3.2 0.5 0.75 T-3 1 /4 Min. Screw Green 29/32 1 i/8

R43 2.5 0.5 0.5 T-3 1 /4 Min. Bayonet White 23/32 1 1/8

R44 6-8 0.25 0.8 T-3 1 /4 Min. Bayonet Blue 23/32 1 1/8

R45 3.2 0.5 0.75 T-3 1/4 Min. Bayonet Green 23/32 1 1/8

R46 6-8 0.25 0.8 T-3 1/4 Min. Screw Blue 29/32 1 1/8

R48 2.0 0.06 0.03 T-3 1/4 Min. Screw Pink 29/32 1 1/8

R49 2.0 0.06 0.03 T-3 1 /4 Min. Bayonet Pink 23/32 1 1/8

R49-A 2.1 0.12 0.07 T-3 1/4 Min. Bayonet White 23/32 1 1/8

R50 6-8 0.2 1.0 G-3 1/2 Min. Screw White 23/32 15/16

R292 2.9 0.17 0.3 T-3 1/4 Min. Screw White 29/32 1 1/8

R292A 2.9 0.17 0.3 T-3 1/4 Min. Bayonet White 23/32 1 1/8
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RAYTHEON AMATEUR TUBES

PLATE COLORS OF RAYTHEON

AMATEUR TUBES AT RATED

DISSIPATION

Watts Plate
Type Dissipation Color

RK-10 15 No Color
RK-11 25 No Color
RK-12 25 No Color
RK-18 40 Light Cherry
RK-19 — No Color
RK-20A 40 No Color
RK-21 — No Color
RK-22 — No Color
RK-23 10 No Color
RK-24 1.5 No Color
RK-25 10 No Color
RK-25B 10 No Color
RK-28 . 100 Light Cherry
RK-30 35 Dull Cherry
RK-31 40 Light Cherry
RK-32 50 Orange
RK-33 2.5 (one plate) No Color
RK-34 10 (both plates) No Color
RK-35 50 Lt. Yel. Red
RK-36 100 Lt. Yel. Red
RK-37 50 Lt. Yel. Red
RK-38 100 Lt. Yel. Red
RK-39 25 No Color
RK-41 25 No Color
RK-42 — No Color
RK-43 — No Color
RK-44 12 No Color
RK-45 10 No Color
RK-46 40 No Color
RK-47 50 Dull Cherry

at center of plate if viewed in the dark.

RK-48 100 Light Red
RK-49 21 No Color
RK-51 60 No Color
RK-52 60 No Color
RK-100 15 No Color
841 12 No Color
842 12 No Color
864 — No Color
866 — No Color
866A — No Color
872A —

For colors and temperature equivalents see opposite page.
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RAYTHEON AMATEUR TUBES

COLOR SCALE FOR PLATE OPERATING TEMPERATURES

FOR

RAYTHEON AMATEUR TUBES

COLORS &
APPROX. TEMPERATURE

EQUIVALENTS

White
1300° C. 2370° F.

Yellowish-White
1200°C. 21 90" F.

Light Orange
1100°C. 2010° F.

Orange
1000° C. 1830° F.

Lt. Yellowish-Red
950° C. 1 740° F.

Yellowish-Red
900° C. 1 650° F.

Light Red
850° C. 1 560° F.

Light Cherry
800° C. 1 470° F.

Cherry
750° C. 1 380° F.

Dull Cherry
700° C. 1 290° F.

Dull Red
650° C. 1200° F.

Brown Red
600° C. 1110'F.

A list of types and color temperatures for plates operated at rated dissipation appears on the opposite page.

Lithographic color reproduction above must be considered approximate.
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