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FOREWORD

This Raytheon “HANDBOOK FOR AMATEUR TUBE USESTM 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 ARR.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

resuits.

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 apptication 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 first 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 modulstors, “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
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:

E¢ —Filament or Heater Voltage

Iy —-Filament or Heater Current

Ep —D-C Plate Voltage

Ee; —D-C Control Grid Voltage

Ecg—D-C Screen Grid Voltage

Ees—D-C Suppressor Grid Voltage

Ip —D-C Plate Current

ley —D-C Control Grid Current

ley —D-C Screen Grid Current

Rep—Control Grid Resistor (Grid Leak)

Rez—Screen Crid Resistor

RL —Load Resistance

Pa —Driving Power

Po —Power Output

Eac—A-C Plate Voltage

Ege~—D-C Qutput Voltage

lae—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 specially 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 ........... 0ot Isolantite
Plate ............. Carbonized Nickle
Bulbb ....ovviiii, Soft Glass
Plate Dissipation .,....... ... 15 watts
Amplification Factor ........ B

CLASS C—TELEGRAPHY

SINGLE TUBE
3 . 7.5 volts
b e i i ittt ity 1.25 amp
3P 450 volts
Eel tevveennenroninnssenssansnnsanssssaanesasears —100 volts
D it it e i ittt 65 ma
'q R R OO T 15 ma
Rer (@PProxX.) ..viviiinnenivneanennneans Creeeaeen 7000 ohms
22 S 19 watts

PUSH-PULL—TWO TUBES
3 I 450 volts
Bel veenceresncnrioessnsetesecasnsasensnsenanseaes —100 volts
1D cetieettiertariiteirasienanns 130 ma
leg teveeennmnsetsesennsesennsassasrossscnasannsns 30 ma
Rep (BPProX.) .ouviiveronerierinssocsnnncnesennnen 3500 ohms
Po tiesereesesettetccaesarsunaer st benananaoras 38 watts

RAYTHEON

RK-12

The RK-11 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

fine, The plate lead is brought out

the top of the bulb to reduce in-

terelectrode capacitances and to

insure against voltage breakdown.

The RK-11

factor of 20 and is a general all

purpose triode that may be used

RK-11

has an amplification

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.

NTEL I

Filament . ... ... it ...Thoriated Tungsten

Plate ........ e [ [ .+....Carbonized Nickel

Base ................. A et e e Isolantite

Bulb ... .. Cererereeasaaees e Soft Glass

Plate Dissipation ....... ereeea SN «es .25 watts

RK-11 Amplification Factor . ........covvviviiinnnen e 20

RK-12 Amplitication Factor (approx.} ...... . P ...80

CLASS C—TELEGRAPHY

SINGLE TUBE

RK-11 RK-12

Ee o i e [P . 6.3 6.3 volts

YN 3.0 3.0 amp

3, e [ 750 750 volts

Eer vovvnnnon, e ie e T —100 0 voits

| et Ceeereraer s 105 100 ma

beg ovviiiine, et caaa e 21 32 ma

Rey (@pprox.} ... iviiiiiieinann. [P 5000 0 ohms

Po ... RN e . 55 50 watts

PUSH-PULL—TWO TUBES

RK-1% RK-12

N 750 750 volts

| 3 it eteeet i eneaas —100 o] volts

| P 210 200 ma

fer vevninnn P PN 42 64 ma

Rey (approx.}) ...... [ 2500 o] ohms

Po ..... [ reeee 110 100 watts

ENGINEERING SERVICE 5



Rey

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 is less per watt of plate dissipation.

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

RK-51 RK-52

The RK-51

tion

cation of 20, is

may be used as

triode.

watts) .

CLASS C—TELECRAPHY

SINGLE TUBE

RK-51

7.5

3.75

1500

150

31

8000

170

PUSH-PULL—TWO TUBES

RK-5i

1500

—250

300

62

4000

340

RK-18 RK-31

graphite plates for improved heat radia-

and freedom from mechanical

warping. The RK-51 with an amplifi-

The RK-52 may be operated as a

doubler or amplifier at zero bias with

low driving power

Plate Dissipation ...

RK-51 Amplification Factor,..20

RK-52 Amplification Factor (approx.)

RAYTHEON AMATEUR TUBES

and RK-52 utilize

a medium x tube and

a general all purpose

requirements (3.5

Thoriated Tungsten

Graphite

Isolantite

Hard Glass

60 watts

150

RK-52

1.5 volts

3.75 amp

1500 volts

0 volts

150 ma

50 ma

0 ohms

150 watts

Ee v.ovvvnnnnan RPN

L7

Eo .ovnvnn.. [

RK-52 Ecy PO
1500 volts | T PN
0 volts 4 ..
300 M3 R. {approx.) .......
100 map, ... s
0 ohms

300 watts

Ep G e

Eel .......... fev s

Ip e .

iIn | Y ceeen

Po ...

RAYTHEON ENGINFERING SERVICE

an’ amplifier at full ratings up to 30

megacycles. Although the RK-i18 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 ........cc.vev.. . Molybdenum

Base Isolantite

Bulb ..........c000.. ... SOft Glass

Plate Dissipation ............40 watts

RK-18 Amplification Factor...18

RK-31 Amplification Factor (approx.)

75

CLASS C—TELECRAPHY

SINGLE TUBE

RK-18 RK-3{

ceeeesenan 7.5 7.5 volts

.......... . 3.0 3.0 amp

RPN 1250 1250 volts

......... eveesieees =160 0 volts

...... vt 100 o ma
e iriesrier e 12 38 ma

[P i . 13000 o] ohms
[ .. 95 95 watts

PUSH-PULL—TWO TUBES

RK-18 RK.31

v Cerierr e 1250 1250 volts

e e —160 o] volts
et e 200 220 ma
N 24 76 ma

N 6500 0 ohms
s eseterer i . 190 100 watts



RAYTHEON AMATEUR

RK-37

The RK-35 and RK-37 are tanta-
fum plate tubes with the rid
brought out the side and the plate
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.

RK-35

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 ........covivnnn. Tantalum
Base ................. Isolantite
Bulb .............. ... Hard Glass
Plate Dissipation ........ 50 watts
RK-35 Amplification Factor9

RK-37 Amplification Factor
30

CLASS C—TELEGCRAPHY
SINGLE TUBE

RK-35 RK-37

Ee ......... 7.5 7.5 volts
fe ......... 40 4.0 amp
Ep ...t 1500 1500 volts
Eey vvvvnnnns —250 —130 volts
Ip vevevnnnn 115 115 ma
lex vovninnnn 15 30 ma
Re, {approx.). 15000 5000 ohms
Po iivinn.. 120 122 watts

PUSH-PULL—TWO TUBES
RK-35 RK-37

Ep ......... 1500 1500 volts
| —250 —130 volts
Ip e, 230 230 ma
ler oovnvnn 30 60 ma
Rey, (approx.)., 7500 2500 ohms
Po .oiinnn 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 aiready described for those tubes. The RK-38 is a higher
u tube than the RK-36 and its driving power requirements are somewhat
smaller. Two of these tubes in push-pull, 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 ............. O N Thoriated Tungsten
Plate .......... PN fere e ettt e .. .. Tantalum
Base ...... et e et Isolantite
BUb L e e e e, PN Hard Class
Plate Dissipation ...........000unuvunn. [ P Ceraeas 100 watts
RK-36 Amplification Factor ........ [ [ 14
RK-37 Amplification FACtOr . .......c.uuiiiinin i nnnnnns 30

CLASS C—TELEGRAPHY
SINGLE TUBE

RK-36 RK-38

Ee ooiviiiial, e [ 5 5 volts
Ie [ [P 8 8 amp
Ep PPN P [ 2000 2000 volts
Ee; o... e e terevseens —360 ~200 volts
D i i i e e i e 150 160 ma
Ter veviiiiiean, 30 30 ma
Rer lapprox.} ........... P 12000 6650 ohms
L T AP 200 225 watts

PUSH-PULL—TWO TUBES
RK-36 RK-38

2 2000 2000 volts
Eer vvritiiiiiiiisii ittt 360 —200 volts
Ip e, 300 320 ma
L OO 60 60 ma
Rey (8PProX.) ..ivuiiiiinniiiiennennvnnnns, 6000 3325, ohms
Po i it ittt e 400 450 watts
Ep ettt it it e 3000 3000 volts
3 . —540 —300 volts
I e i i it e et e e, 330 330 ma
L S 60 15 ma
Rq T T ® *
L P 800 800 watts
$Full battery bias or battery bias to cutoff and remainder resistor bias.

RAYTHEON

TUBES

rRAYTH
>

amaos

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 successtully 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 voit 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 amplfifiers 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 twe RK-37's as
Class B linear amplifiers with a carrier output of 100 watts.

ENGINEERING SERVICE 7



RAYTHEON AMATEUR TUBES

RK-23 RK-25 RK-25B (Cont.}

Filament ...... «.....Heater Cathode
Plate ...... P, Carbonized Nickel
Base-—RK-23 and RK-25..... Isotantite
Base—RK-25B ,............. Bakelite
Bulb .......... ... .. Soft Glass
Plate Dissipation ........... 10 watts

CLASS C—TELEGCRAPHY
SINGLE TUBE

RK-25
RK-23 RK-258

Ee vvivnvnnnnn . 2.5 6.3 volts
| S 20 0.9 amp
Ep vvevnnnnnnns 500 volts
Eetf vonvevnnennn —90 volts
Eeo eeevncannnns 200 volts
Eeg vvevevecnnnn 0 volts
Ip veeieiiae 50 ma

40 ma
leg veeereienenn 4 ma
Rey (approx.} 22000 ohms
Reg viviinnnnnnn 7500 ohms
Po vt 18 watts

volts
volts
volts
volts

ma

ma

ma

Rey (approx.} 11000 ohms
Reg vvvannnnnnns 3750 ohms
Po vevivvennnn . 36 watts

RAYTHEO
,

[T o

RK-20A

The RK-20A is 8 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 muitiband
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
overfoading the crystal.

Filament ........ .Thoriated Tungsten
Plate .............. ... Molybdenum
Base ........ci0iiiniennn Isolantite
Bulb ........... ...l Hard Class
Piate Dissipation . A2 13

CLASS C—TELECRAPHY
SINGLE TUBE

Er ..... e 7.5 volts
e oo i 3.25 amp
Ep .o .. . 1250 volts

| 2 —1 volts
Eeg .. .. 300 volts
Bea «vvvvnnennes 45 volits
[F 92 ma
ber vvvvienennns 11.5 ma
| T 36 ma
Rey (approx.) . 10000 ohms
Po ittt 84 watts

PUSH-PULL-—-TWO TUBES
Ep cevevananinn 1250 volts
| 2 N —1 volts
Ees v ivvnniannn 300 volts
Ecg o0nnn vevenes H45 volts
Ip eevesvananan 184 ma
Jer wevennnaanns 23 ma
leg veveenninnnen 72 ma
Rey (approx.) ... 5000 ohms
Po civvervrnnns 168 watts

8 RAYTHEON

RK-28

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-—TELEGRAPHY

SINGLE TUBE

Et .covvevnens 10 volts

L S amp

Ep vevevvwee.. 2000 volts

Eer veveevsens. —100 volts

Ecg vevvneen... 400 volts

Eeg «vveceenna. 445 volts

I cevvevered. 150 ma

fey vovinennnns 13 ma

leg eevvenenea. 55 ma

Rey (approx.)... 8000 ohms

Po veveviinnns 210 watts

PUSH-PULL—TWO TUBESRAYTHEON
MALE e U BN | 2 Y . 2000 volts

| PR, . . —100 volts

Ecz o0 veees. 400 volts

| 2 4-45 volts

lp vveseveee.. 300 ma

fer eevvnionens 26 ma

leg seuvveeness 110 ma

Re; (approx.)... 4000 ohms

Po vvvuinnn, 420 watts

R-F POWER AMPLIFIERS—CONTINUED
ALICGNED 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 objectionabie.

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

ENGINEERING SERVICE



RAYTHEON AMATEUR TUBES

RK-49 (Cont.}

Fitament ............ Heater Cathode
Plate ............. Carbonized Nickel
Base .......ciiiiiiinnn Isolantite
Bulb .......... AP .....Soft Glass
Plate Dissipation ........... 21 watts

CLASS C—TELEGRAPHY

SINCLE TUBE

Et ..iiveerennn 6.3 volts
e ..., . .. 0.9 amp
Ep .vivvnvnnn 400 volts
Eet vvvvennannns —50 volts
Ecg «vovnn . 250 volts

| N 95 ma
leg ceevenecsnes 3 ma
lez vvvvnnnens .. 8 ma
Rey {approx.} ... 15000 ohms
Rc: (approx.) ... 20000 ohms
Po oo 25 watts

PUSH-PULL—TWO TUBES

Ep cvevnreinnns 400 volts
Eey vovvevnnennn -50 volts
Eez v ovivivnn 250 volts

PN 190 ma
| P U, PN 6 ma
N 16 ma
Re; tapprox.) ... 7500 ohms
Rez (approx.) ... 10000 ohms
Po ooiinininns 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 interelectrode 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.

-i
!

i
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 ....iioiiiiiiiiann Isolantite
Bulb ............ ... ... Soft Glass
Plate Dissipation ............ 25 watts

CLASS C-—TELECRAPHY

SINGLE TUBE

RK-39 RK-41

Ee ......vn ool 63 2.5 volts
| S .. 09 24 amp
Ep e e 600 volts
Eci vovvvnnnnn . —90 volts
Eey ovvvnnnn PN 300 volts
Ip i, 93 ma
|c1 P .o 3.0 ma
Teg weevirennnns 10 ma
Ry, tapprox.) ... 30000 ohms
Rex (approx.) ... 30000 ohms
Po viiiiniin 36 watts

Ep e . 600 volts
Eer vuvnn oo —90 volts
Eog vovievennnnn 300 volts
lp . PPN 186 ma
Tor weeanonnnas 6 ma
Teg vevvnnnnanns 20 ma
Rey {approx.) ... 15000 ohms
Res (approx.) ... 15000 ohms
Po vieiinieenas 72 watts

RAYTHEON ENGINEERING SERVICE

RK-47

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-
ciltator is not recommended.

Filament ......... Thoriated Tungsten

Plate ................. Molybdenum

Base . ...... ... i Isolantite

Bulb ....... . i Hard Class

Plate Dissipation ............ 50 watts

CLASS C—TELECRAPHY

SINCLE TUBE

Ee ...ioiiine, 10 volts

[ .. 3.25 amp

Ep oiieninennnn 1250 volts

Eer vovvvinnnn, —70 volts

Eeo vvvvvieiant, 300 volts

| PN . 138 ma

bey it 7 ma

bew v 14 ma

Re; lapprox.) ... 10000 ohms

Po i 120 watts

PUSH-PULL—TWO TUBES

Ep ..... 1250 volts

Eep viiiiiiaaans ~—70 volts

| PN e 300 volts

Iy i 276 ma

ley vri i . 14 ma

les v N 28 ma

R, lapprox.} ... 5000 ohms

Po i, 240 watts



RAYTHEON AMATEUR

RK-48

The RK-48 is an aligned grid edi-

ition of the RK-28 and the power

output and power gain are some-

what better,

Plate moduiation of this tube is

permissible under proper conditions.

Its use is not recommended as a

crystal osciliator. Two RK-48's in

push-pull wiil give 500 watts output

and the driving power may be sup-

plied by a crystal oscillator using

one RK-49. The plate voitage for

the RK-49 may be obtained from the

screen voltage supply for the RK-

48's.

Filament ...... Thoriated Tungsten

Plate ........ AP Molybdenum

Base ................. isolantite

Bulb ................. Hard Class

Plate Dissipation ........ 100 watts

CLASS C—TELEGRAPHY

SINGLE TUBE

Ee ...l 10 volts

| I 5 amp

Ep v, 2000 volts

Eep oo.ov.... 100 volts

Eew vovevnnnn 400 volts

| I TN 180 ma

by v 8 ma

27 ma

Rey (approx.) . 12500 ohms

Py ...l 250 watts

PUSH-PULL—TWO TUBES

En 2000 volts

| —100 volts

Eey ooivnnt 400 volts

| S 360 ma

| 16 ma

| 54 ma

Rey lapprox.) . 6250 ohms

Po ..., . 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 buib. 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
cirewnt efficiency. The physical dimensions of the RK-34 are small enough to
permit efficient push-pull operation at 240 megacycles. The high frequency
limit 1s practically realized when the grid circuit is directly across the base pins
and approaches 300 megacycles depending on the circuit.
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TUBES

RK-34 (Cont.)

Filament ............... Heater Cathode

Plate ............ ....Carbonized Nickel

Base ............. e Isolantite

Bulb ............. [N Soft Glass

Plate Dissipation (per triode)..... 5 watts

Amplification Factor ........... 13

PUSH-PULL OSCILLATOR

Ee ....... 6.3 volts

¥ S [ 0.8 amp

Ep ...... PR . 300 volts

Eet vovveneeneraees —36 volts

Ip eienniaeaa . 80 ma

| cenee 18 ma

Ret sovenainnns e 2000 ohms

Po viviiniiniennn . 14 watts

RK-30

RAYTHEG
mage i VS

RAYTHEON ENGINEERING SERVICE

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

Filament ...Thoriated Tungsten

Plate ........... Molybdenum
Base .............. Isolantite
Bulb ......
Plate Dissipation .....35 watts
Amplification Factor...15

CLASS C—TELEGRAPHY

SINGLE TUBE
E¢ vovevneeess 1.5 volts
| S, cee 325 amp

| 2 . 1250 volts
| R —180 volts
Ip vevevevees. 90 ma
bet vvnvennne .. 18 ma
Re; lapprox.)... 10000 ohms
Po vvivevvs... 83 watts

PUSH-PULL—TWO TUBES
| SN . 1250 volts
Eep vrvevennnnn —180 volts

| T X ¢ ma
leg veevnnnnnns 36 ma
Re; tapprox.)... 5000 ohms
Po vevveven... 166 watts



RK-32

RAYTHEON AMATEUR TUBES

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 wvolts at 300 megacycles.

The high frequency limit of this

tube with the smallest possible

external circuit is approximately
400 megacycles.

RK-43

The RK-43 is a twin triode which can be success-
fully used as an ultra high frequency push-pull oscil-
fator 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 tper triode)....0.5 watt

Amplification Factor . .......... 13

PUSH-PULL OSCILLATOR
Filament ...Thoriated Tungsten Er .. 1.5 volts
Plate ............. Tantatum | R, 0.12 amp
Base .............. Isolantite 135 volts
Bulb .............. Hard Class | --20 volts
Plate Dissipation ...... 50 watts I 14 ma
Amplification Factor...11 Lot v 3 ma

R¢; lapprox.} ...... 7000 ohms
CLASS C—TELECRAPHY Po i 1.2 watts

SINGLE TUBE
Er i 1.5 volts
o, 325 amp RK-24
Ev ..., . 1250 volts
Eoi vl —225 volts The RK-24 is an improved type 30 for use in
1, 100 ma ultra high frequency transmitters and trarsceivers
P It has an isolantite base to reduce high frequency T

lev coenenne, 14 ma losses and a larger filament to permit higher space <
Rey tapprox.}... 16000 ohms currents and hence greater output than the type
P, . 90 watts 30. It may be operated satisfactorily at the maxi-

""""" mum ratings at 60 and 120 megacycles.

PUSH-PULL—TWO TUBES Filament . ................ Oxide Coated
By ool <o 1250 volts prate L., LlL Ll . Nickel

| --225 volts Base ............. .. ..., Slsfolaelme
| P Butb ... ... .. of t ass
g goo Ma plate Dissipation ................ 1 watt

CLoe e 8 ma Amplification Factor ............. 8
R+, lapprox.})... 8000 ohms
Po i 180 watts ‘

ULTRA HIGH FREQUENCY TUBES FOR
PORTABLE EQUIPMENT

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

CLASS C—TELECRAPHY !

SINCLE TUBE
2.0 volts
0.12 amp
180 volts

—45 volts
16.5 ma
6.0 ma

ohms
watts

~ wn Q o

JRS
—

1

Evw o 180 volts
Eei o --45 volts

RK-42 L 33 ma
N 12 ma

The RK-42 is a triode which will find application R., tapprox.) ...... 3750 ohms
where small, light-weight equipment is required. Its B e watts
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. CLASS B AUDIO TUBES

The tube is primarily designed for receiving purposes . . .
but it can be successfully used in very low power Tubes for Class B audio service are usually very high-mu triodes to reduce
transmitters. Its frequency range extends to 120 the driving power requirement. {f possible, they should operate at zero bias
megacycles. to elimmnate the need for a bias supply. Usually, it is necessary to effect a

compromise hetween high-current, low-voltage tubes for low load impedances
Filament . ......................... Oxide Coated and high-voltage, low-current tubes for good plate circuit efficiency.
Plate ... . ... . e e, Nickel
Base ........ ... ... e Bakelite
Bulb ......... ... . . .Soft Glass RK-12Plate Dissipation ........................ 0.7 watt
Amplification Factor ..................... 8 1See illustration under R-F Power Amplifiers—Triode Section}

CLASS C—TELEGRAPHY As Class B audio amplifiers two RK-12's are capable of modulating 200
SINGLE TUBE watts of input to a Class C stage. The tubes operate at zero bias which elimi-

1.5 | nates the complications of a bias supply and minimizes driving power. The
0.06 volts load resistance required is low which insures against low frequency attenuation
13 amp in the output transformer. The use of RK-12's in Class B results in a very

5 volts economical 100-watt amplifier.
--30 volts

18 m: Filament ....... Thoriated Tungsten A-F POWER AMPLIFIER—CLASS B
Ry tapprox.) ............... 14000 ohms Plate ........... Carbonized Nickel PUSH-PULL—TWO TUBES

e e e 0.6 watts ) | 750 volts
Base .................., Isolantite ¢~ 0 volts

volts Bulb ............ .. ..... Soft Glass Je ... 200 ma
volts ey o 65 ma

: m: Plate Dissipation .......... 25watts p. L 3.4 watts

Rey fapprox.} ............ 7000 ohms Amplification Factor (approx.} Ri 'P to P 9600 ohms
Pu 1.2 watts 80 P 100 watts

RAYTHEON ENGINEERING SERVICE ‘,1



RAYTHEON AMATEUR TUBES

RK-52

(See Hlustration 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.

Filament ........ Thoriated Tungsten A-F POWER AMPLIFIER—CLASS B

Plate ......o.ovvnveinnnens Graphite PUSH-PULL—TWO TUBES
| 1250 volts

Base .................. Isolanttte g . o volts

Bulb ........... Hard Glass l» -vovenions 300 ma
ley ovviniinn 180 ma

Plate Dissipation ......... 60 watts p, . 15 watts

Amplification Factor {(approx.) Ri (PtoP).... 10000 ohms
150 Po .ol 250 watts

RK-31

(See INustration 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.

Filament ........ Thoriated Tungsten A-F POWER AMPLIFIER—CLASS B

Plate ............... Molybdenum PUSH-PULL—TWO TUBES
€ ... 1000 1250 volts

Base ............. . Isolantite g .. ., 0 0 volts

BUb ..i.iiiiee Soft Glass s - -.oo.t 220 230 ma
| P 76 65 ma

Plate Dissipation .......... 40 watts R, (P to P).. 10000 18000 ohms

Amplification Factor (approx.) Pa ooooiin 3.7 44 watts
75 Po ..l 160 190 watts

RK-37 RK-38

(See (Hustrations 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 genera! type.

RK-37 RK-38

Filament ........ Thoriated Tungsten Filament ........ Thoriated Tungsten
Plate .................. Tantalum Plate .................. Tantalum
Base .................. Isolantite Base .................. Isolantite
Bulb ... . v Hard Glass Bulb .................. Hard Class
Plate Dissipation .......... 50 watts Plate Dissipation ......... 100 watts
Amplification Factor .......30 Amplification Factor ...... 30

A-F POWER AMPLIFIER—CLASS B

PUSH-PULL—TWO TUBES

A-F POWER AMPLIFIER—CLASS B

PUSH-PULL—TWO TUBES
Ep ... 1250 volts Ep .......... 2000 volts

| 2T S —35 volts Eey ... ..... -—52 volts
Ip o 235 ma Ip ... 265 ma
fer cevieinn 60 ma ber emeeeaan 39 ma
R, (PtoP).... 18000 ohms Ry (PtoP).... 16000 ohms
Pa i 7.2 watts Pa ........ .. 5.8 watts
Po ...oiion.. 200 watts Po .......... 330 watts

MERCURY VAPOR RECTIFIERS

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

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 volitage of the 872A is the same as that of the 866A but the
872A will deliver considerably more d-c output current.

gy

{" ;

- [ R

Ki

866

................ 2.5 volts

................ 5 amp

FULL-WAVE RECTIFIER
—TWO TUBES

MAXIMUM RATING

Choke Condenser
input Input

(RMS) ... 2650 2650 volts

.......... 2385 3000 volts

........ .. 500 250 ma

‘!? RAYTHEON ENGINFFRING SERVICE

866A

Ee ..... crevriernsss 2.5 volts

le . ool Creeee 5 amp

FULL-WAVE RECTIFIER
~—TWO TUBES

MAXIMUM RATING

Choke Condenser
input Input

Ene (RMS) ... 3535 3535 volts

| T 3180 3950 volts

fae vevuina... 500 250 ma



Ee .......... vveees 1.5 wvolts

e oo, 2.5 amp

FULL-WAVE RECTIFIER
—ONE TUBE

MAXIMUM RATING

Condenser
Input

Eac (RMS)} (per plate) 1250 volts

bae i 150 ma

RAYTHEON AMATEUR TUBES

HIGH VACUUM RECTIFIERS

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

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

The RK-21 is a half-wave rzectifier tube with a 2.5 volt heater and is equiva-

872A

RK-19 RK-21

and does not generate r-f noise.

and 2.5 volt heaters respectively.

lent to one diode of an RK-22.

Er ... 5 volts

e ..., e 10 amp

FULL-WAVE RECTIFIER
—TWO TUBES

MAXIMUM RATINGS

Choke Condenser RK-21
Input Input

E.ac (RMS) ... 3535 3535 Itvolts Ee o 2.5 wvolts
Ede ......00, 3180 3950 wolts

le 4 ampfde vuvivnn.., 25 0.6 amp

HALF-WAVE RECTIFIER
-—ONE TUBE

MAXIMUM RATING

Condenser
Input

Ese (RMS) ......... 1250 volts

lae ool 150 ma

RK-22

Ee .. i 2.5 volts

le oo 8 amp

FULL-WAVE RECTIFIER
—ONE TUBE

MAXIMUM RATING

Condenser
Input

Eae (RMS) per plate) 1250 volts

lae o 150 ma

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 buib. 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 in 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 aitering 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. Gas 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
appesarance, 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 fhe tube would soften and coflapse. 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 it 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 vaiue. The r-f coil is then removed and the tube
fitament is 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.

1f 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
smalt exhaust tube and as the glass at this point is mclited the completed radio
tube is pulled away from the manifold and sealed off vacuum tight.
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The base and tbe 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.

SEASONINGC AND TESTING The tube is not yet completely ready for service
The filament has been lighted at overvolitage 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 acceierate
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 s
achjeved 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
timits are set aside and scrapped. Unless a tube passes every requirement the
builb is I:éroken 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
exampies of this class.

CATHODE The cathode is the electrode which supplies the eiectrons 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 temperature 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 r1ain 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 oplates. The RK-10, RK-i1 and RK-39 have carbonized nickei
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.

GRID A grid is an auxitiary electrode piaced 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 fo 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 multi-grid tube are commonly referred to by
numbers indicating their position radially with respect to the cathode, number
P 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
CRID 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 scparate 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 adjacent grid. The
grids usually aligned are the control grid and the screen grid in some tetrode
and pentode power amplifier tubes. This arrangement causes tne 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 ctficient utilization of the total
space current since much of the current that was formerly collected by the
screen grid is now availahle for the plate.
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This improvement in characteristics results from the effect of the suppressor
grid, #3 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 tactor are correspondingly higher. Pentodes may be
used for the same service as tetrodes and have the advantages of even lower
grnid to plate capacrtance 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 ampiitudes
of a-c voltage and current.

TUBE APPLICATION AND CIRCUITS

tn 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 VOLTACGE, the maximum rms vaiue of
a ¢ voltage that should be applied to the platc 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 s the maximum instantanecous
peak value of plate voltage that should be appiied to the tube during the
half-cycle when the plate is nega-
tive and the tube 1s not conduct-
tng current. The VOLTAGE DROP
1s 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.

RECTIFIERS

TYFPICAL HALF WRVE RECTIFIER
c/rRCUIT

[

A typical half-wave rectifier cir-cuit is shown in Fig. Bl and a typ- LL§§
cal full-wave rectifier circuit in §k
Fig. B2. A condenser input filter 3
1s shown in each circuit, |f C, .._.g"
were omitted the filter would be a 17v +
choke input filter. With condenser 60~ -
input the d-c output voltage will
be higher and the regulation over o
the working range poorer than 2
with choke input. Increasing the
capacity of C, will increase the d-¢
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.

TYPICAL FULL WAVE RECTIFIER CIRCUIT
+
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AMPLIFIERS Vacuum tubes operate as amplifiers in several ways. Aithough
the fundamental principle of the amplifier remains unchanged,

the results obtained and their apptications are quite different. In general, am-
phfiers 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 low frequency, low distortion type will be first con-
sidered.

TYPICAL RESISTANCE COUPLED A-F AMPLIFIER CIRCUITS

TRIODE PENTODE

To GrIo TO GRID
OFOF

FOLLOWING FOLLOVYING
TUBE TUBE

K6

2 3

91
R,

¢ CJGT
=
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In low frequency amplifiers the successive stages may be transformer coupted
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-puil. In a PUSH-PULL AMPLIFIER stage the two tubes are connected in

TYPICAL PUSH-PULL POWER RMPLIFIER ~CLASS AB,
DRIVE R
42 OR6F6G
TRIODE

42’3 OR 6F6G s
PENTODES

2.’:’,4'14

70
TRANSFORMER SPEAKER
RATIO PRIMARYA-F 70 Y SEC= 167 gt -

nPUT I

+375%
+250%Fl16. 85

such a way that the two grid circuits are effectively in series and the two plate
circuits likewise. Equal signa! 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 transtormer
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. B6, The signal voltage for triode
R is obtained from the tap, P, on the resistor, Rg, in the

TWIN TR/IOPE PHRSE //YVEPTEJ'/I?
TRIODE L TRIODER ] W

Ry FEe

1
FlG.B6

C

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 Ry 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, which 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 voitage 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. lts 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 vaiue 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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(Enms)? 0.707 (Emax~Ey)2 0.707 (Eo—Emin)?
Power OQutput — o= = (811}

Ry Re RL

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

(Emax—Emin) (Imax—Imin) (B111)
Power Output =

8

;’I'hle values ofd Efnux, E'.’;.n-. fmax 200
an min are read from the curvesas shown in Fig. B7. If the values TYPICAL TRIODE
of Ewmux and Ewin are expressed in D 3 PLATE CHAR
volts, the values of lwmax and tmin 160 1 NHCL A OPERATION,
should be expressed in amperes to 4 A
give the power output in watts. §‘ ;& N

L I, TNThe second harmonic distortion, Izobl\ A ) I,;‘ &
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rent at the operating point and is Fla. B7
read from the curves. All the
values of current in equation (BiV)
should be expressed in the same
units, milliamperes or amperes. TYPICAL TRIODE
Fig. B8 shows ty;:;ical variations ocfi 20 OUTPUT CHAR.
power output, plate current an .
harmonic distortion with signal in- CLASS A OPERATION
put voltage for a”triode operated 16 20
as a Class A amplifier. The power g '3
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square of the input voltage and IZ§ 5
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In a Class A triode ampliflierlthe
plate efficiency is relatively low, 100

8! 4The POWER SENSITIVITY is the P i:«'/\ y CLASS A
ratio of the power output to the 277 -2 1
square of the input signal voltage, W R /}mf&"[fififlflfl

50 X Hi%
Po 2

Power Sensitivity = —— (BVI) E
(Eg)? a0 &

. N
The method of calculating the ¥ v o

approximate power output and 2 e ”“3
distortion for a pentode or a tet- < L%,
rode, operated as a Class A ampli- [ - o 40"
fier, is similar to that for triodes. 1
Fig. B9 shows a family of plate [4
characteristic curves for a typical
pentode Class A amplifier. The
power output may be calculated
approximately from the formula:

[4 80 160 X0 520 00
PLATE YOLTAGE- VOLTS

F/6.89

Emax—Emin
[ tmint1.41 (et ]

Power Output —= (BVID)

32

The values are read from the curves at the points indicated in Fig. B9. The
values of I« and |y are determined by the intersections of the load line with
plate current curves corresponding to grid biases of 0.293 Ewe and 1.707
Ezo respectively, where Eyo, 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:

finax -+ fmin —2 lo
2nd Harmonic = X 100 (BVIHD

Linax — lwmin 4 1.41 Clx—ly)

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

toax — lmin — 141 (Jx — 1y)
3rd Harmonic = X 100 (BIX)

Faax ~— lmia 4 141 Ux — ly)

Fig. B10 shows the variation of power output, plate current, screen current
and distortion with signal input voltage and Fig. B1l 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
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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 Class A pentode amplifier generally
has higher plate efticiency, 359 to 459;, 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 fiows
in each plate circuit on alternate half-cycles of signal voitage when the grid
is positive. Since the grid of a Ciass 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 Ciass B stage varies considerably with sig-
nal voitage, 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 hal!f-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, Q.

p o {Eo =~ Emin) (linax —~ lo) (Emax —Eo) {lo~— Imin)
ower OQOutput =— -+ (BX)
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CLASS AB AMPLIFIERS A Class AB amplifier stage is one which operates
under conditions intermediate between Class A and

Class B. 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 morc 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,. Fig. B14 shows the
section of the plate current vs, plate voltage family of a triode used as a Class
AB, 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 opecration. The characteristics of power output, plate current, plate effi-
ciency and plate current fluctuations with signal and driving power are inter-
mediate between those nf 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 piate 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 € AMPLIFIERS R-F power amplifiers are usually operated as Class C
amphfiers. 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
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characteristics of C. 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 voits 3 amp.

R, Depends on
microphone

R, 1200 ohms 1/3 watt
R; 0.5 megohm 1/3 watt T
R, 20000 ohms 1/3 watt
Ry | megohm 1/3 watt
Ry 0.5 megohm variable
R; 6000 ohms 1/3 watt
Rg 0.1 megohm 1/3 watt Ts
Ry 0.25 megohm variable
Rys 3000 ohms 1/3 watt
Ry 0.25 megobm 1/3 watt

or

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

R,y 12000 ohms 1/3 watt Turns
R,y 780 obms 10 watts MDT‘:::,I::M Ratio Pri.
C, 0.05 microfarad paper to Sec.
Cy 25 mfd. 50 volt electrolytic RK-12 1.4:1
C; 8 mfd. 400 volt electrolytic RK-52 1.4:1
C, 0.00004 microfarad mica RK-31 1.4:1
Cy 0.005 microfarad mica RK-38 1:1.4
Ce 8 mtd. 600 volt electrolytic RK-37 1:1

The amplifier circuit shown in Fig. D1 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 obhm line or to a dynamic speaker if the amplifier is to be used
for power amplifier work.
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TUBES

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 miltiamperes 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 coupiing device and exciter,
it may be found that the grid current of the RK-37 is low and the tube is
detivering very little power output. Perhaps the grid of the RK-30 had been
supplied originaily from a heavily loaded crystai 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 DRIVINC POWER In Fig. F1 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 milliameter 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
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grid voltage and the bias voltage. Then referring to Fig. F4 or Fig F5, the
ratio of the fundamental compcnent to the d-c¢ component can be determined
and the fundamental component calculated. Having the fundamental current,
a simple electrical faw 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 ncglected and the average driving power is:

Av. Driving Power== {RMS Fund. R-F GCrid Volt.) (RMS Fund. R-F Crid Curren;:'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 GCrid Volt.} (Peak Fund. R-F Grid Current)

2
Av. Driving Power =

(Fil)

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

{Peak Fund. R-F Crid Volitage) (D-C Grid Current}X

2
Av. Driving Power —

(FI1)
where,

Fundamental R-F Crid Current

D-C GCrid 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 Crid Current) 0.9

EFFECT OF GRID CURRENT CURVE
Furthermore, although the grid
has been assumed to operate over £ pEgPEES Tegma o | K
a 3/2 pclawer Iaw,| if the operation Eo-r ZIpc 2
is actually over a linear or a square
law curve, the results are not ma- 9 160 164 0.82
terially char;ged. The maxilmum o/ /168 167 0.84
error occurs for operating angles in ]the vicinity of 100°. At this gz 157 169 0.65
point the driving power for the .3 145 174 087
square lfiw casefis gbout 30/8 04 /33 178 0.89

reater than that for the assume/2 power case. For the linear 05 /120 182 o951
case it is about 49 less, 0.6 106 183 092

07 9/ 185 093
BATTERY AS COMPARED TO =
RESISTOR BIAS 0.8 73 192 096
The grid driving power calculated 09 51 194 0.97
on this basis is the total power in-~ 1.0 0 200 100
put to the grid circuit of the tube.
This power is divided between that FIG. FS
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 resister. The power in one case is
used in charging the bias battery and in the other case in the I*R loss of the
resistor.

GRID CHARCING 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 afso 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'.

RAYTHEON ENGINEERING SERVICE

MEASUREMENT OF PEAK
R-F GRID VOLTAGE PERK VOLTMETER CIRCUIT
The only factor not readily known O Il
is the peak r-f grid voltage. This GRID '0.05/,;
can be found by the use of a INPUT <
simple diode voltmeter, the circuit 3
of which is showr? in Fig. F6. In o §
operation the voltmeter is con- =
nected between the grid and fila- E";‘;’Z@‘;‘;’;‘;{Y
ment of the transmitting tube and

V=D-L POTEXTIOMETER,
P= POTETIOMETER M

Me0-200ua

p

—-] £ I4» B

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 METER
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, lfow range voltmeter is
satdisfactory. The values of dE, I:
and V depend on the magnitude o
the peak voltages to be measured. 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 . ... ... i .. 18 ma 224 ma

Av. Driving Power (RK-30) == 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

GRID 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)?
Av. Driving Power — (FV)

Average Crid Impedance
and the

(RMS Fund. GCrid Voltage)?
Av. Grid Impedance = (FVI)

Av. Driving Power
or, in terms of the peak r-f grid voltage:

0.5 (Peak R-F Crid Voltage)?
Av. Grid Impedance — (FVIDH

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 GCrid Voltage)
(FVII)Crid Impedance =

D-C Crid Current
The average grid impedance of the RK-30 and RK-37 is:

0.56 X 320
RK-30; —————— == 10000 ohms

0.018
0.56 X 248

RK-37: = 6200 ohms
0.0224

RAYTHEON AMATEUR TUBES
DRIVING POWER & APPROXIMATE GRID IMPEDANCE

CLASS C—TELECRAPHY

D-C Grid Peak R-F D-C Grid Driving Approx. Grid
Type Milliamperes Grid Volts Volts Watts tmp.—Ohms
RK-10 15 235 —100 32 3000
RK-11 21 170 120 3.2 4500
RK-12 33 65 ¢} 1.9 1000
RK-18 12 255 —160 2.8 12000
RK-20A 11.5 155 -—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 17 —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 4 1000

FiIG, F7

MATCHING THE AMPLIFIER GRID 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 haifway 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. HICH 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
Figh mu tube is consicderably less than that required by the low mu tube.
However, the bias on the low mu tube can usually be reduced to values that
pcrmit power gains as great as those realized with the high mu tube without
serious reduction in plate efficiency. This applies to the tube .tself. When the
driver is also considered the grid impedance of the high mu tube more nearly
matches the output impedance of the driver and the high mu tube appears to
diive ecasier 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-
qQuirements.

HICH EFFICIENCY-—HICH BIAS OFERATION !t 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 voitage are increased and the grid current kept constant as it is
m high efficiency (''California Kilowatt') operation, the grid impedance and
grid driving power both increase markedly. For example, an RK-38 operated
i this manner shows the following values:

D-C D-C Peak Av. Av.
Crid Crid R-F Driving Crid

Voits 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 iow mu tubes like the RK-35 and RK-36 which is ai-
ready high 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 COUPLING |If the data on output impedance in Fig. G7 is ex-
amined, it will be seen that in most cases it is im-

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 !ost due to impedance mis-
match, capacity coupling, Fig. FBA
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 COUPLING Link coupling,
Fig. F8B, on

the other hand has the abitity, 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

A-CAPACITY COUPLING
DRIVER TUBE

3

AMPL.
GRID

RF
C

[ TAPP
ED 

Dow
Y

B-LINK COUPLING
DRIVER TUBE,

0
AMPL.
GRID

C-LOW IMPEDANCE
CARPARCITY COUPLING

DRIVER TYBE T0 AMPL.GRID

larger power transfer than capacity = tEp = = &
coupling, even though there are G RBOUT 10 TIMES C,
losses in the coupling circuits. It is FIG. F8
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 STAGES In a paralieled 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.
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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 puises 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 =
C = capacitance—farads 2rVLC

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 RAT!IO ON TANK IMPEDANCE An unloaded tank circuit,
) . shown in Fig. GIA 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, Ry, 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:

(2rfL)2
= (Gi1)

Rl
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.

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-

The fault lies almost in-

(G1)

UNLORDED TANK CIRCUIT
AND EQUIVALENT CIRCUIT

o
l

H
i |

!
=

i

8
EQUIVALENT TO 8 °quencies. e fa p2lmast in

variably in the design of the tan 4
circuit, usually because too small WHEN Z, 2:{1}
an inductance is being used and s
because of increasing resistance FIG. G
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 low
a tank capacitance will result in circuit instability and increased harmonic radia-
tion. Fig. G2 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.

QUALITY FACTOR OR Q OF TANK CIRCUIT The ratio of the harmonic volit-
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:

2wfL

RL

1
Q=———

27rfC Re

g
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For a tuned circuit:
2xfL 1

Q= =
RiL+Re 27fC {RL+R¢}

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.

27fL 1
Q=ri—= ————— (GVvH

Ru 27fC Re
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 circuif
may be 80 when unloaded but wilt 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 The ca-

(GV)

pacitance
necessary to give a tank circuit Q of 12 can be easily calculated.

(2wfL)?
e =———— =27tLQ (GVI)

Since at resonance:
Z1. = Equivalent

Load Resistance—ohms 2rfl = (GVIID
R = Circuit Resistance—obhms 27xfC
f = Frequency-—cycles/sec Q
L = Inductance—henries ., = (GI1X)
C = Capacitance-farads 2wfC

and
Q

C=— (GX)
2nrfZL

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: ey ip

ey = Peak a-c voltage across Zi, volts Py == — (GX1)
ip. = Peak a-c current through Zyi, amperes 2
The power input is: Py = Eplp (CX11)

where:
Ey = D-C plate voltage—volts
{p = D-C plate current-—amperes

Pu 0.5epip
The plate efficiency is: n——— = ———— (CX11)

Py Eplp
2nEp lp 1

The peak a-c plate voltage is: ep=——— = 2n E,—'Z (CXIV)
Iy

where:

Since the efficiency of the usual output stage is about 709 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 e, can be
calculated,

The power output is: Po = {,Epn {CGXV)

(0.707 ep)?
This power is developed across Zi.: Py = ~———Z— (CXV1)

L

(epl?
Py = - (GXVil)

2 7L
and

(ep)?
ZL = (GXVII11)

2 Po

(ep)?
Zn = — (GXIX)

2 1pEpn

Substituting (CXIV) in (CXIX) and the result in (CX):
Q (K?) lp Q(K2)

C= —_—= (GXX)
4rtn Ep 4xfn Re

where Rs = apparent d-c resistance of Ep 1 Ip
the output stage as pre- } = — and, —— = —
sented to the power supply Ip R Ep

Eor an average operating angle of 120°: K = 1.82
or:

=12 4520000
= 1.82 C=— (GCXXI1)

n = 70% f Re
f = frequency in megacycles

EFFECT OF OUTPUT CJRCUIT ON TANK CAPACITANCE Using formula
(GXXI) a chart

of tank capacitances for the various frequency bands for varying input re-
sistances is given in Fig. G3. 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. G3 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.

RAYTHEON ENGINEERING SERVICE

TANK CAPACITANCE—uf
Ep

Ry =— TANK CIRCUIT Q=12 EFFICIENCY=709%,
OHMS

1.75 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 8l 162 81 4}
6000 431 216 108 216 108 54 108 54 27
8000 323 162 81 162 81 41 81 41 21

10000 268 134 67 134 67 34 67 34 11
12000 216 108 54 108 54 27 54 27 14
14000 185 93 47 93 47 24 47 24 12
16000 162 81 41 81 41 21 41 21 1
18000 143 72 36 72 36 18 3 18 9

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

2000 162 81 41 81 41 21 4t 21 N
4000 81 41 21 4 21 1N 21 11 6
6000 54 27 14 27 14 7 14 7 4
8000 31 2111 21 11 6 16 3

10000 34 17 9 179 5 9 5 3
12000 27 14 7 14 7 3 7 4 2
14000 24 12 6 12 6 3 6 3 2
16000 21 1M 5 15 3 5 3 2
18000 8 4 2 4 2 1 2 1 05

USE COLUMN '“A" FOR:
1. SINGLE TUBE~—NOT NEUTRALIZED-—CIRCUIT 1
2. SINGLE TUBE—CRID NEUTRALIZED—CIRCUIT 2
3. SINGCLE TUBE—PLATE NEUTRALIZED—CIRCUIT 3

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

END—CIRCUIT 5
2. SINGLE TUBE—PLATE NEUTRALIZED—SPLIT STATOR CON-

DENSER, PER SECTION-—CIRCUIT 4
3. I(’:LLJJ?_IF—EULL——SPLIT STATOR CONDENSER, PER SECTION—CIR-

USE COLUMN "“C" FOR:
1. PUSH-PULL—CONDENSER NOT SPLIT
2. SINGLE TUBE—PLATE NEUTRALIZED—CENTER-TAPPED

TANK COIL—CIRCUIT 5

10
TANK CAPACITANCE

Vs 1
$000. " D-C RESISTANCE OF PLATE cIrRCUIT

TANK CIRCUIT @=12 b
- EFFICIENCY = 70 %
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For push-puil 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 tota!l
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 Rn
of the single ended stage and if the capacitance is calculated using the Rp 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
coif, the load is quadrupled, therefore the total capacitance is 1/4 and the
capacitance per section is 1/2 the total capacitance for the reference case. If
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Size
BGS
Cage

Diameter

22

Outside
Dia.
mils,

130.6
116.5
104.0
92.7
828

74.0
66.!

59.1
52.8
47.0

42.1

37.7

33.7
26.9
215

171
13.6
10.9

6.9

5.5

35

ENAMEL WIRE

Turns
per

linear in.

21.3

23.8

265
29.7
37.2
46.5

58.5

Q1.7

115

145

180

227
286

RAYTHEON AMATEUR TUBES

INSULATED COPPER WIRE TABLE

Pounds
per

1000 ft,

50.6
40.2
31.8
253
20.1

15.90
12.60
10.00
7.930
6.275

4.980

3.955
3135
1.970
1.245

0.785
0.494
0.311
0.196
0.123

0.078
0.049
0.031

VALUE OF K IN FORMULA (GXXIH)
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SINGLE—SILK COVERED

Outside Turns
Dia, per
mils linear in.

52.8 18.9
47.3 21.1

42.4 23.6
379 26.4
34.0 29.4
27.3 36.6
22.1 45.3

17.9 559
14.6 68.5
12.0 83.3
9.9 101
8.3 121

7.0 143

6.0 167

5.1 196

FlG. G6

K

0.2584
2637
.2491
2448
2406

0.2366
2272
2185

.2106
2033

0.2033
1903
1790
1692
1605

0.1527
1457
1394
1336
1284

0.1236 Type

1078107
J015 RK-10
.0959 RK-12

0.0910 Efifi;g;\
.0808 RK-23
.0728 RK-28

0611 RK-31
RK-32

0.0528 RK-34
0467 RK-35
0419 RK-36
0381 RK-37
0350 RK-38

RK-39
RK-47
RK-48
RK-49
RK-S51
RK-52

Pounds
per

1000 ft.
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7.89
6.26

4.97

354
313
1.98
1.25

0.791

0.498
0.316
0.210
0.129

0.082
0.053
0.035

DOUBLE—SILK COVERED

Outside Turns
Dia, per
mils, linear in,

54.6 18.3
49.1 20.4

44,1 22.7

39.7 25.2
35.8 28.0
29.1 344
239 41.8

19.7 50.8
16.4 61.0
13.8 72.5
1.8 84.8

10.} 99.0

8.8 114
7.8 128
6.9 145
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Pounds
per

1000 ft.

8.00
6.32

5.02
3.99
3.7
2.01
1.27

0.810
0.514
0.333
0.217
0.141

0.092
0.062
0.043

LOAD IMPEDANCE OF RAYTHEON AMATEUR TUBES
CLASS C—TELEGRAPHY

D-C Plate
Volts—Ep

450
750
750
1250
1250
500
2000
1250
1250
1250

RAYTHEON ENGINEERING SERVICE

Rp= One Tube
One TubeD-CPlate E» Load tmp.
Ma.=lp Ip PtoK

65 6930 2770
105 7140 2850
105 7140 2850
100 12500 5000
92 13600 5440
50 10000 4000
150 13300 5300
90 13900 5550
100 12500 5000
100 12500 5000
40 00 3000
1S5 13000 5200
150 13300 5300
115 13000 5200
160 12500 5000
93 6450 2580
138 9060 3620
180 11100 4440
95 4200 1680
150 10000 4000
150 10000 4000

Fl1G6.G7

Push-Puil
Load imp.
Ohms—-
PtoP
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a single lube is plate neutiahized by splitting tne tank coil, the load sphits as
the square of the turns ratio, assuming perfect coupling between the turns of
the cotl. A coil split in the center 1s equivalent to the sphit condenser case and
the capacitance required s 1 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 value,

Tubes in parallet act exactly as though they were a single tube drawing twice
the plate current of one tube at the same plate voltage. The capacitance re-
qQuited s double that tor a single tube, The capacitances tabulated are the
absolute minimum that can be used. Somewhat larger values will reduce the
tank circuit etfficiency only shghtly but will further reduce the harmonic
radiation. For phone operation a somewhat larger capacity should be used. A
selt-excited osaillator requires the use of about three times as much capacitance
as the reference circuit.

INDUCTANCE Having obtained the value of capacitance, the required value
of inductance may be found from formula, Gl, or from the

curves in Fig. G4.
A design formula for single layer cois, which includes spacing cffects is:

a = radius of coil— inches 0.1003 azn?K
b = length of coil—inches L= —— (CXXity
n = number of turns b
L = inductance -—microhenries
K — a constant depending on i bl

the ratio of diameter to n—= - e (CXXIth
length, 2a/b, see Fig. G5. a 0.1003 K

The Wire Table in Fig. G6 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 toss 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
diameter equal to the tength, and will be tound usctut in designing high fre-
quency coils.

The coils should be wound of wire large 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
ptate current of a Ctass C amplifier using coils of the same inductance but
with difterent 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

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

RAYTHEON ENGINEERING SERVICE

CRRRIER AND SIDE CARRIER &SIDEBARNDS
FREQUENCIES COMPLEX WARYVE MODULRTION
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(ep)?
L=

21, Epn
and from cquation 1CXIV):

i
e, = 2nEp—

2n E 2n
Zi, = — X — = — X Rsp (CXXiV)

K? ip K2

For an etticiency of 709, and an operating angle of 120” as before:

2 x 0.7
Zy = ——— X Rs = 042 Rs (CXXV

1.82
The load impedance is, therefore, a function of the d-c nlate current and

voltage assuming constant efficiency and operating angle.

The table in Fig. G7 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. |t will be noticed that the pentode
types do not use a high load resistance. A poputlar 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
To transmit intelligence by means of a radie frequency wave, the
wave must first 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 vaned 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. H1A represents an unmodulated radio frequency wave of a peak value, E.
The maximum possible reduction in the amphtude of this wave in a negative
divection s to O, theretore, 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 indefinitely. Since any complex wave can be
resolved mto an infinite number of pure sine wave components, it is customary
to base modulation calculations on such waves. For this case the maximum
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modulation occurs when the wave is modulated down to zero and up to a
peak value of 2E, as shown in Fig. H1B. This is considered complete modula-
tion and is termed 1000, modulation or operation with a modulation factor of
1O Fuyo HID shows o wave that as not completely modalated
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The upward modulation is:
Eniax. — Ecarrier

M, = -— (Hi)
Ecarrier

The downward modulation is:
Ecarrier —Emin.

My = 2 (HI

Ecarrier
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:

Emax —Emin
(HE)

Em.- -t Emin

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
M -z Modulation Factor

For a modulation factor of 1.0,
value.

The average power of a modulated wave is equal to:

Peak Power — K(E)2 (M -1} (HIV)

the peak power is four times the carrier

Avg. Power = K(E)2 ( — 4 1) {HV)
2

For a modulation factor of 1.0 the average power is 509, greater than the
carrier power. Since the average output power is increased by 509%, the in-
crease in output current or voltage at full modulation is equal to:

V1.5 X tearrter = 1.225 X lcarrier (HVID)
or

V1.5 X Ecarrrer = 1.225 X Ecarcior (HVII)

SIDE BANDS |[f 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 1009, modulation, each
of these frequencies possesses an average power that is eqgual to 259% of the
carrier power. The magnitude of the average voltage in the side frequencies
at 100U, modulation is equal to 509, 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 1009% modulation before the maximum theo-
retical sideband power with a pure sine wave is reached. If such a wave is

CLASS C AMPLIFIER-PLATE MODULRTION

CURP
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FlG. Hq

reversed in phase. more power can be put into the side bands at 1009 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 willi 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 1009, 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 1009, modulation, is 369 of the carrier power as compared to 507,
for a modulating wave of pure sine wave form and the fundamental sideband
power is 769, of that with sine wave modulation. If the phase of the modu-
lating wave 1s changed by 180° (modulation transformer reversed) the wave
appears as shown in Fig. H3C. At 1009 modulation the fundamental sideband
power is 669 of the carrier power or 1329, of that with sine wave modulation.
The antenna current increase with 1009, modulation for the condition, shown
in Fig. H3B, is 16.8% and for the condition shown in Fig. H3C is 299 as
compared to 22.59% 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 509, of
that with a pure tone because of the complex nature of speech. The antenna
current increase therefore will be only about 129, and with the sluggishness of
antenna ammeters, it is usual to expect only about a 59 increase in antenna
current meter reading while modutating 1009%.

MODULATION AT LESS THAN 1009 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 signalsA As the percentage modula-
tion is reduced the power in the side bands is reduced. At 809 modulation,
however, it i 2ty down about 2 db from the 1009 value. Aithough this de-
crease in signal strength is hardly nohceable the saving in modulation power
is considerable, the reduction being 369;. 1009, modulation is a desirable

RAYTHFON FENG24

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
1009, modulation.

Equal side band power will produce the same audio output from a linear
detector regardiess of the carrier strength. For instance, a completely modu-
lated 250 watt carrier is exactly equivaient to a 1000 watt carrier modulated
only 509,. 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 watt 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.

HEISING MODULATION
MODULATED AMPLIFIER

) Pr-10IAVERAGE PLATE |
oo CHARACTERISTICS nr

3
a0 &

g
w0l

I T,=60MA.
Wy Wy MODULATOR90 ',; § /TYPE 50
& S

20 v g
;Q 3 Moa

A " 734

o 100\ 200 300 400 400 600 700 950 —i 1 %HTE VOLTAGE-VOLTS -
M MIN. Ep AT MIN.E, AT -RE 0U/£t’1’ mobutAToR mODULATOR 7FOR 100% Gpip VOLTAGE — GRID VOLTAGE+0Y [

Mmoo =120" -

FIG. HS

Operation is, of course, not particularly economical with a strong carrier, 'e,
the increase in power supplled to the tramsmitter 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 stems are ingeneral use. Modulation can be accomplished by any system w{nch 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 MODULARTION RK-11 MODULATED BY TWO 61663
MODULATED AMPLIFIER MODULATED RMPLIFIER
RK~10 T RK-1]

70
P 70T ANT.

MODULATORS
TWO0 6L66's

MODULRTOR TYPE 50 g
&
I3

MOD, N Moz
voLT § voLT

PLATE VOLTAGE TO MODULATED TUBE +REDUCED FOR COMPLETE MODULATION, T ., 90,0+600" #4200”4300

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 possibie 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
1009 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 amglifier is increased from zero it will be
found that the output current will increase linearly with plate voltage up to a

SINFFRING SERVICE
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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 tte 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. H4 the output is linear up to 2Eo, and since the modulating voltage
must vary the r-f output current to O and up to twice the carrier value for
1009% modulation, the plate voltage should be set at E, and modulated up to
2E., and down to 0. The peak plate voitage 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 modu.ating 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

E, = D-C Plate Voltage _b»
Iy == D-C Plate Current R= (RVHDIy

This is the resistance load of the modulator.

The plate input power under carrier conditions is:
e = Eplyp

The peak plate input power at 1009 modulation is:
P = 2E, X 21, = 4P,

which is four times the carrier input power.

The average audio power input at
1009 modulation is:

Pat = 0.707Ear X 0.707 lar =
0.5Barlar = O.5Euly

(HX1)
Ear == Peak Modulating Voltage
lsr = Peak Modulating Current

This is 1/2 the carrier input
power. Therefore, the a-f power re-
quired for complete modulation is
equal to 509; of the carrier input
power. It it i1s assumed that the tube
efficiency is to remain constant over
the audio cycle, the plate dissipation
of the tube is increased by 509,
under steady 1009 modulation con-
ditions. For incomplete modulation,
that is, for modulation with a factor
of M,

R = Modulator Load
« = Power Input (Carrier)

M = Modulation Factor

Ep
R = —— (HVI)

le
Pc = Eplp

Peak Piate Voltage —
E, (14 M) (HXID

Peak Plate Current =
fp {1 4 M) {(HX11D)

Peak Power Qutput —
Eplp (1 + M)2 (HXIV)

Avg. Mod. Power =—
0.5 EplpM2

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. [f the grid of the modulator is excited, the plate current will vary at
an audio rate which witl develop an audio voltage across the choke which adds
and subtracts from the d-c voltage applied to the plate of the Class C amptifier
tube. However, even though the moduiator 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-
tator plate can never be large enough to drive the plate voltage of the modutated
tube to zero. For a pentode modulator, symmetrical modutation up to about
809 is possible and with a triode modulator, modulation up to about 659
can take place with Heising modulation,
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In order to reach 1009, 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 659, of the modulator plate voltage for a triode modulator and to about
809, 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
modutator 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 usuaily 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 whote 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-11 is to be plate modulated and it is required

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

Ep = 600 volts and Ip = 85 ma.
The power input is: Ep Iy = 600 X 0.085 = 51 watts,

The modulator must furnish: —- = 25.5 watts.
2

The foad resistance to which the modulator load must be matched is:
600/0.085 = 7060 ohms.

Now considering a suitable modulator, two 6L6G'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:

Np 6600
—_— =\ — = 0.97
ns 7060

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

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

RK-42 OSC/ILLATOR AND Rk-42
MODULRTOR

MO MODULATION CHOKE REQUIRED

Fla. H10
SINGLE ENDED MODULATOR
For a single ended case, suppose
an RK-10 s 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 = 20 watts.
The load resistance is 400/0.05 = 8000 ohms.
The modulator power required is 20/2 = 10 watts,
Two 6L6GC'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:

ny 1250
~— =\ f—— = 0.39

ns 8000 TYPICAL CHARACTERISTICS
The transformer, therefore, should vs ‘\'\

have a turns ratio of primary to PERK GRID q“c
secondary of approximately 0.4 and Nbe capable of delivering 13 watts of VOLTAGE e"\) c\)v-“
audio with a d-c primary current of Q« Xy
160 milliamperes and a d-c second- Y ,\q‘) t
ary current of SO miiliamperes. The L 0\5 |
circuit is shown in Fig. H8. N o é | ENCY

e (3 ff\(\
PLATE MODULATION OF kfi 9(6
PENTODES &3 | o\ !
To piate modulate tubes like the &t :
RK-23, RK-20A and RK-28, it is 34 | 1
necessary to modulate the screen at 1 |
the same time, if modulatior}: is to 0 El 2F
take place at plate voitages that are CARRIER CARRIER
at all comparable with the maximum PEARK GRID YOLTAGE
permissible plate voltages for the F1G. H11
tubes. This is usually accomplished
either by the use of a three winding
maodulation transformer, as shown in
Fig. H9B, or by supplying the screen
from a dropping resistor connected
to the modulated plate supply, as
shown in Fig. H9A. The second
method is usually the simpiest and
cheapest fo 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
for plate modulation but with the
screen current added to the plate
current to obtain the modulating
power, and the load resistance for
the modulator stage.

GRID BIAS MODULATION

FIG. H12

25
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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:
Ip = 62 ma. Ep == 900 volts
leg == 50 ma. Ees = 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 -+ 50 = 112 ma.
The power input to be modulated is 0.112 X 900 == 100.8 watts.
The modulating power to be supplied is 100.8/2 — 50.4 watts.
The load resistance is 900/0.112 = 8000 ohms (approx.).
The versatite 616G can be again called upon to supply the necessary power

for moduiation, for two 6L6G'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 secondary of:

ny 3800

n, V¥ 8000
When an RK-20A is operating in this fashion almost 509% of the modulator

power is being wasted in the screen resistor.

= 0.69 = 0.7 tapprox.)

PLATE MODULATION OF ALICNED 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 using 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. H1O. The plate voltage must
be about twice that desired on the modulated tube and complete modulation

SUPPRESSOR
GRID MODULARTIONSCREEN MODULARTION

MO, ‘-J'-" Oe, ez iowpwi +£p MOD o6 4
FIG H13 & cE VU g, 4

FiG. H14

is penerally not 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. HI1,
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_mmumum plate voltage is composed of the d-c bias voltage plus
the r-f excitation voitage. To vary the peak grid voltage, therefore, either of
these components can be varied. If
the grid bias voltage is varied, a P
type of modulation is possible which RK-38
is known as grid bias modulation. A AVERAGE CL.8
circuit for grid bias modulation is gy GP/D/MPED. Cshown in Fig. HI12. If the r-f ex- D‘CGP/DV()Lmdfiqmt"-
citation voltage is varied the system <
is known as a Class B r-f amplifier are _%!fcfim’/t‘i
or as a linear amplifier. SOBOFORIVER
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CARRIER EFFICIENCY OF CRID
MODULATED AND CLASS B R-F
AMPLIFIERS

Since the modulated autput 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 conditians is approximately
1/2 of the peak efficiency. For
Class B linear operation, in_ order
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to handle a 1009 modulated r-f signal at the grid, the bias must be set at
exactly plate current cutoff or less. Since the maximum possible .efflcmnc of
this system is 78.59% the maximum possible carrier efficiency is 78.5/2 or
39.259,. Usually Class B efficiencies run about 339,. 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 ampllfler
or 100/2 = 509%. However, in order to conserve driving power, operation
usually takes place at about 1.5 times cutoff where the carrier efficiency is
about 359;,.

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 plate 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 vaiue
under modulation. It shouid 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.

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 509p. The usual efficiency
is of the order of 359,. 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. H14,

MODULATION BY OTHER CRIDS

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 osciilograph 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.

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.
tf 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.

hThe average r-f impedance of the grid at this point is 3002/6.8 —= 13200
onms,

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 09 =
0.34 watts, and the average grid impedance is 1502/0.34 = 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 509, of the carrier power of the driver stage in the shunting resistor,
This probably represents the very minimum that should be used. Fig. H15
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 carrivi voltage supplied from the driver should be 1/2 of this or
150 volts. The pea% 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 500{0 of the power is to
be used up in a loading resistor, a driver carrier of about 3.5 watts is necessary.
It would be best to select a carrier value that is about twice this and tap
down on the driver coil for optimum excitation. 1t 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.

DRIVERS FOR CLASS B LINEAR AMPLIFIERS

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

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. [f 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 milliammeter 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

SERVICE
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will increase the carrier etficiency but inasmuch as the maximum theoretical
carrier efficiency is only 509, it is doubtful if efficiencies of more than 409
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 CRID 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:

Pa tPeak) = 0.9 X Er¢ e
E.r — Peak R-F Crid Voltage
lae = Grid Current at Peak of Audio Cycle

The average impedance of the grid at this point is:
0.5 (Eer)2 0.5 Ert

Ly = e — — (HXVI)
Pa 0.9 lac

Since the audio voltage is applied across this average (;rgpeédar;;:e.
.5 (Ear

Esr — Peak Audio Voltage Par (peak) = p (HXVIL)
[

0.9 (Ear)? X lae
Pu«t == Peak Audio Power Par (peak) — ———————— (HXVIII)

Ert
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FlG. H16

The peak audio power required is also equal to:
Pa KX (Ear)?

(Ere)?
CRID IMPEDANCE OF CRID BIAS MODULATED STACE

Pur (peak) -= {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

I\ BiAS=0
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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
that 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 809 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 359,. The mechanism

DIODE MODULARTION METER

76

L5YORYCELL
FOR CORRECTING
CONTACT POTENTIAL

. DownN

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 oS
a relatively high minimum plate volt-
age with resultant poor efficiency.

MILLIAMMETER
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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 volt_age
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 buiit 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
stili higher voltages are required. It is usually best to obtain the maximum
output at -+45 volts on the suppressor and then reduce the plate current to
one-half or better still, the antenna current to one-haif the maximum value by
increasing the suppressor bias negatively.

CALCULATION OF SUPPRESSOR MODULATING POWER Over the modulaticn
cycle the suppressor

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

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

plied to the suppressor
ley = D-C suppressor grid current

under steady modulation
Pat == A-F modulating power

Pat = 0.9 Eat ey {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 = ———

hi+hy
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. H17. 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. H18.

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.

(HXXD

The upward modulation is then:
Ec = Carri | E, —Ecarrier value my s — - (HXXI1)E, == Positive peak value E.

and the downward modulation is:
.= i | Ec — E,E Camer_ value my = we TR (HXXH D

E. = Negative peak value Ee

or the average modulation:
E,—E;

= —— {HXXIV)

Ei+ E.
This method has disadvantages. |t 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 8095—1009, 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.

mneyT

100
00 /IOM“\

-

000y’

FlG. H20
< 1258

FIG. H19

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

Fig. HI19. 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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TYPE

RK-10 (1)
RK-10 (2)
RK-11 (1}
RK-11 (2}
RK-12 (1}
RK-12 (2}

RK-18 1)
RK-18 (2}
RK-20A%(1)
RK-20A%(2)
RK-23 *(1)
RK-23 *(2)

RK-25 =t1)

RK-25 *{(2)
RK-28 *(1)
RK-28 %{2)
RK-30 (1)
RK-30 2)
RK-31 1)
RK-31 (2
RK-32 1}
RK-32 (2)
RK-34 (1)
RK-35 (h)

RK-35 {2}

RK-36 (1)

RK-36 (2)

RK-37 b

RK-37 (2
RK-38 (1)
RK-38 2}

RK-39 (1)
RK-39 (2)

RK-4F (1,

RK-41 (2}
RK-47 1)

RK-47 (2)

RK-48 (1)

RK-48 (2)

RK-49 (1)

RK-49 12}
RK-51 (1)

RK-5t (2)

RK-52 (1)
RK-52 (2)

Singie Tube

1000

1000
1000
1000
300
1250
1250
2000
2000
1250

1250
2000
2000

400
400
100

400

900
900
1500

1500

300
300
1250
1250
1250
1250

Two Tubes—Push Pull or Parallel
Plate and Screen Modulation with Series Screen Resistor

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

TYPE

28
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TABLE |

MODULATING POWER FOR PLATE MODULATION (100%)

CARRIER CONDITIONS

D-C

D.C
Plate
Ma,

230

Plate
Volts

375

375
400

400
400

400

700
750

1000
1250
1250

2000

Input
Watts

TABLE 11

Modu-
lating
Watts

RECOMMENDED MODULATOR TUBES

OPERATINC CONDITIONS

D-C
Screen
Volts

250

RAYTHEON

D-C
Crid
Volts

—17.5

Self-Bias
Self-Bias

Self-Bias

—20
—25

V
i -

N-ReN
-¥e]

N

FIG Hel

ENGINEERING

Bias
Resistor

Ohms

Fixed-Bias

340
190
200

Fixed-Bias

Fixed-Bias

Fixed-Bias

SERVICE

Matching
Impedance

Ohms

7000
3500
7060
3530
7060
3530
12500
6250
9530
4765

5500
2750

5500
2750
8000
4000

12500

6250
10000

5000
10000

5000
3750
12500
6250
13300

6650
12500
6250
12500

6250
6670
3335
6670
3335
11250
5625
10100

5050
5000
2500
11900

5950
10900

5450

Modulation Trans.
Turns Ratio

Total Primary to
Total Secondary

.32
1.5

:1.82
1.24:

1:1

42:10
.35:1
481
35:1
.48:1
S50

2:1
1

241
1:1

1.39:1
1

.39:1

.63:1
1

.33:1
161

1
i
1
1

1
1
1
|}

]
1

1

1

1

1
1

1

1
]

01

1:1
6:1
1
1:1
[H
1:1
1:1
4:1

.58

.82

.62

.62

18

.55
1:1.18

w

:1.72

12

o
 
b

W
 

=

9.5

w o

H

S N

Load
Impedance

Ohms

4000

10000
8500
6600
6000

3800
9000

9600
11000
18000
10000
16000

Modu-
lator

Tubes
See

Table H
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RAYTHEON AMATEUR TUBES

Fig. H21 1s a tabulation of the requirements for plate modulation of Raytheon
Amateur Tubes and recommended modulator tubes, and will be found useful in
designing modulation equipment.
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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 availabie
so that the amateur has not had the information to enable him to chonse the
best type of detector tube for his particular purpose. This section summarizes
the results of an experimental study of the performance of the various types of
détector tubes now available.

The performance of the various types of tubes are shown on the accompany-
ing chart in Fig. R1. [t 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 tabuiation.

Four types of circuits were used in this study and are shown in Fig. RI1.
Circuit A shows the circuit used in the case of tke 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 6]7G types. The operation of these types is obvious and of course
requires no further comments except that G refers to grid circuit detection and
P to plate circuit detection.

Circuit C, in Fig. R, 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 overbias 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 6B8G 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. 1t is the latter service which is of interest in this study. Two condi-
tions for the 2B7, 6B7 and 6B8GC 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 YTM 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.

Ihe 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 smali re-
ceiver the 75, 6B6C or 6Q7GC tube will give practicatly as good sensitivity as the
24A, 57, 6C6 or 6)7C 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,
6B8GC 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 6J5C as regards sensitivity and overload and in addition
they may be used for other circuit functions also, such as AVC, etc.

ULTRA HIGH 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 are completely
negiected.

REDUCED RATINGS 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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crency 15 reducea due to transit time and impeoance losses, and third, the
circunts used with the 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, thie overall efficiency of a tube and its associated circuit falls off
rapidly with frequency, as shown by the curve in Fig. }4. How much the low
frequency ratings should be reduced for high frequency opcration depends en-
tirely upon the cxtent 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 difficuities under which
the tubes are expected to operate
and by such appreciation be able
to obtain from his tubes not only
increased output but aiso more 60
stable operation and langer life. EFFICIENCY V3 FREQUENCY

0 PUSH-PULL OSCILLATOR
- SIMILRRCHARCINC CURRENTS The pas- - zf;onrAl;l_gL;s

sage of a z N Ep=T50VDCheavy charging current thr%ugh a 05 \ ’
tube lead causes a heating of that fi;
lead since the high frequency re- e \
sistance of the lead is appreciable. N \The high frequency resistance of a E \
lead varies directly as the square 204
root of the frequency and some S Nidea of how much the high fre- w \
quency resistance of the lead 0 W N
difters from the d-c resistance
may be gleaned from the fact that,
at 56 megacycles, the r-f resistance 2 S0 W0 150 200 256 300 350
of #1'4 copper wire is approxi-
mately forty times its d-c resis-
tance. The lead, in turn, heats the
glass seal. |f 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 loss 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.
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AMPLIFIER OPERATION For example, consider an RK-35 used as a 56 mega-
cycle amplifier as in Fig. 1. First, the neutralizing

condenser will be disconnected and only the grid voitages will be applied. It
the excitation is increased until the d-c grid current has reached its rated value
of 15 milliamperes, the peak r-f grid voltage is approximately 375 volts. This
voltage s appled 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 paratlel 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
2rfCive = 628 X 56 X 10* ¥ 3.5 X 10-# X 375 == 0.46] ampere. At
this frequency, the resistance of the grid lead can be neglected in solving for the
r-f grid charging current since its resistance is very small compared to the
capacttive reactance of the grid. It, of course, is used in evaluating the power
being dissipated in the lead.

If an RK-37, which is a higher
mu tube than the RK-35 ancd
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 voitage
across a high input capacitance.

In pentodes, variations in thc
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
628 X S6 ¥ 10% k11 w 10-'2 % 180 = 0.696 ampere.
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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 voltngc. or 1200 volts.
The peak r-f plate charging current is, therefore, 628 X 56 X 10" X 0.4
X 10-'2 x 1200 -= 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 pguf. 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 farger 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. |1 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 voit Cyn tdynamic) = Cin tstatic) Cup (1 + X)

r-f grid volt an
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.

tf 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

X = lapprox.}

voltage is approximately 0.8 X Ed4c = 0.8 X 0.8 X 1500 = 1200 volts.
X == 1200/375 = 3.2.

The dynamic input capacitance is, therefore, 3.5 4- 2.7 X (1 4 3.2) =
14.8 puf.

The r-f grid charging current is now 628 X 56 X 10* X 148 x 375 =
1.95 amperes
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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 4 3.2 (1} + 4.62) = 21.5 puf., and the peak r-f grid charging
current is 6.28 X 56 X 0% X 21.5 X 10-12 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
fow 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 knowrr 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 1000,
modulation is 1250 X 2 X 0.8 == 2000 volts. At the peak of the audio cycle
the dynamic input capacitance is 3.5 -+ 2.7 (1 4+ 2000/365) = 21 uuf., and
the peak r-f grid charging current is 21/14.8 X 1.95 == 2.77 amperes.

HARTLEY OSTILLATOR if the oscillator is of the form shown in Fig. )2, 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. J3. 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 10-12 X ){00 == }.149 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
Izad 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

RAYTHEON ENGINEERING SERVICE
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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 wilt be noted that this voltage and distance is of the same order
as 15 encountered in electron tubes. The tirne of flight of the electron between
the two points will be approximately 3.5 billionths of a second (3.5 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
mnterelectrode 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 cperation 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 grnid 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 gnid 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 whether
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 clectrons to
travel from the grid 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 difficuit because such
me'rhods depend also on a 180° phase relationship between the grid and plate
volitages.

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 is permitted by the output capacitance
of the tube. A typical circuit might, for instance, have a parallel impedance
of 5000 ohms. Suppose the optimum Joad 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. 1f power is to be removed from such a
tank circuit the transferred resistance will lower the tube load 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. Practicaily, this
means that a tube that is rated at approximately 40 milliamperes at 500 voits
and is loaded with a 5000 ohm tank will draw very nearly the rated current
without any additional toad and if the circuit is loaded further by means of an
antenna, the plate current wiil be higher than 40 milliamperes and the plate
dissipation will become excessive.

IMPROVING 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 atso 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 0.4 times the
operating plate voltage, divided by the operating plate current. Therefore. a
desrable 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 smatler this value, the better in
general is the tube performance. For example, for the RK-10 as an amplifier,
this factor is Cone X 0.4 Ep/ly = 4 X 0.4 X 450/65 =: 11.1 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.

RAYTHEON ENGINEERING

The ultimate frequency of opera
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 smatlest 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 ult:-
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 uitimate frequency is, there-
fore, increased 1.4 times the single tube value. However, the ultimate fre-
quency for efficient operation is not increased because the load impedance for
push-pull tubes 1s double that for a single tube and this completely cancels the
advantage of reduced output capacitance. Push-pull circuits, however, are
usually 1deal 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,

tn 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 reia-
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 GROUNDS 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 gamn
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 gquestion. 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 puf. 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 uuf. 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 ieads so as to feed in the filament current
at ground potential.

ULTIMATE FREQUENCY VS. ULTIMATE
FREQUENCY FOR EFFICIENT OPERATION

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 tollowing paragraphs hist the ma-
terials available for the major structural parts of the tube and discuss the
gha_racrerishcs that determine the choice of particular materials for each tube

esign.
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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 fraction 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 choser: <o as to give a suitable compromise between these two general
requirements an+ also the cost.

MOLYBDENUM Molybdenum has a long and honorable record as a plate ma-
1erial in transmitting tubes. |t has good mechanical properties.

It has a very h:ih 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. lIts 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 rlybdenum 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. C-nsiderably higher temperatures for short periods will not dam-
age the plate itself but, of course, shouid 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 1 <ome respects tantalum is almost the ideal plate material. It
7+ good mechanical qualities and a higher melting point, 2850°C,

and a higher evaporation point than molybdenum. It can be more completely
degassed by huh temperature treatment than molybdenum. Another property
that is of vaiuec s 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 walis 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 the
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, aithough 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 us_ual plate materials. This limifs 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 and
by radiation to the bulb. The buib 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 buib is determined largely by
the total wattage that is to be developed in the tube. Excessive bulb or stem
temperature s avoided because it may cause the evolution of gas from the sur-

32

tace 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 _use;j 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. i

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 hlgher
temperatures during the exhaust process without giving pff 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. .

With hard glass the lead-in wires that are seated in the stem and bulb are
usually of expensive tungsten or molybdenum whife vynh sol_‘t.glass the same
copper-sleeved, nickel steel, lead wires are used as in receiving tubes or in
lamps.

CRIDS The grid materials are chosen for good mechanical ch,aracterisncs, 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 anq 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. Tan'a_-
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 tran about 600 volts and where the frequency is not very high
or the high frequency leads are not brought through the base. o

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

Watts Plate
Type Dissipation Color

RK-10 ... i 1 i e No Color
RK-11 . i 25 e ««..No Color
RK-12 i 25 e No Color
RK-18 . ... i 40 e e Light Cherry
RK-19 ... . i iinnnen e R R R No Color
RK-20A . . ... .. i 40 L No Color
RK-21 .. i e T No Color
RK-22 ... i L d No Color
RK-23 ... ... i 10 e No Color
RK-24 ... . i 1.5 e No Color
RK-25 ... . i 10 e No Color
RK-25B. ... ..o 10 (o No Color
RK-28 ovvoiiniiicaiaanns 10O © e Light Cherry
RK-30 ..... ... . .o 35 e e Dull Cherry
RK-31 .. e 40 e Light Cherry
RK-32 ... . 50 L Orange
RK-33 . ... .. . e 2.5 (oneplate) ........... No Color
RK-34 ... . .. ... e 10 (bothplates) .......... No Color
RK-35 ... i SO i Lt. Yel. Red
RK-36 . ........ ... ccivnn 100 ...t Lt. Yel. Red
RK-37 ... SO i e Lt. Yel. Red
RK-38 ...... ... ... it 100 ..o Lt. Yel. Red
RK-39 . ... ... ... .. i 25 e e No Color
RK-41
RK-42
RK-43
RK-44
RK-45
RK-46
RK-47

at center of plate if viewed
in the dark.

RK-48 . ........ .. .iiiviins 100 .ottt eeaens Light Red
RK-49 ... ... i 21 e No Color
RK-51 i 60 .. e No Color
RK-=52 . i 60 L No Color
RK-100........ .. . ool 1S e No Color
841 e 12 e No Color
842 e 12 e No Color
864 ... e No Color
866 ... e I No Color
866A ... e e No Color
BT2ZA e T R I No Color

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.

RAYTHEON FNGIMNFFRING SFRVIrCE
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The {undamental
tube characteris-

tics arc 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 709, effi-
ciency. The permissible power input at this efficiency wiil be 100/0.3 or 333
watts. At 2000 volts, the plate current will be, therefore, 33372000 or 167
milliamperes. The current to the control grid will be equal to roughly 259, of
this or 42 milliamperes and the total d-c space current will be 167 + 42 or
209 mulliamperes. 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 cuirent 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 1490 watts. The designer can now devise a buib
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 aiready 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 sufticiently well insulated from ground, the
grids, and the filament to insure against voitage breakdown, keeping in mind
that the plate volitage 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.

FUNDAMENTAL AND MAXIMUM OPERATINGC RATINGCS

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 erid 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: white 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 possibie 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 709, 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 339, 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 ptate 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 669, 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 tubte ralings 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 frcm 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 targe 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 voitage conditions. The procedure
used with this system is approximately as follows:—

TYPICAL OPERATING CONDITIONS
CLASS C TELECRAPHY-—PLATE EFFICIENCY Depending on the plate efficiency,

almost any Class C operating
conditions are theoretically possibte, For example, many tubes can stand plate
voltages much in excess ot the value indicated by the plate current and plate
dissipation at average effic’'encies. It is, therefore, possible to have high effi-
ciency Ciass C operating conditicns without exceeding the maximum tube rat-
ings. For instan-e, for the tube in question, the power output at 70Y, efficiency
is 233 watts, see Fig. El, but if the efficiency is raised to 759% the possible
power input is 100/0.25 or 400 watts and the power output is 300 watts.
Thus, by a 59 increase in efficiency, the power output has been increased by
63 watts or about 27%,. At an efficiency of 809, the power input is 500
walts and the power output is 400 watts or an increase of 163 watts over
the original 709 efficiency figure. However, if the rated d-c plate current is
not to be exceeded at 759, efficiency, the d-c plate voltage required is
400/0.167 or 2400 volts and at B0, 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 lost in the tank circuit to that dissipated in
the load is to be maintained small. The grid bias must be increased, which
1esults 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 s more a function of the circuit voltages and currents.

RAYTHEON ENGINEERING SERVICE

We have selected etticiencies in the order of 709; as a compromise between
power output, power gain and tank circuit etficiency. That this is a reasonable
figure is borne out by the tact that most amateur transmitters operate at
approximately 709, Class C efficiency. If a tube has adequate emission and
is capable ot withstanding the increased plate voltage, well and good, the tube
legitimately can be advertised as such but 1t should be remembered that the
improvement in efticiency required to obtain a high ratio of power output to
plate dissipation is ».anetimes difficult to obtain and a less expensive tube that
cannot be expected to stand the increased plate voltage may pe more satis-
factory in the long run when all other factors have been duly considered.
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CLASS C TELEGRAPHY—DRIVINGC POWER Another factor that is subject to
considerable wvariation in operat-

ing a tube is the grid driving power. For linear plate modulation it has long
been customary to bias the tube to doubie 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 througnh custom have been set at this value
although smaller biases will often work satisfactority, particularly with low u
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
tor 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
opcrating at approximatety 709, efficiency and as nearly as possible at rated
plate current and dissipation. 1f the tube has been properly designed as to
plate voltage and space current, at 700, efficiency, the plate current will be
very close to the permissible maximum. Grid driving power and the peak r-f
grid voltage are measured by methods that have been described under *‘Grid
Drwving Power and the ExciterTM.

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 ptate voitage for teiephony should be but 509, of the
telegraphy plate voltage; actually the usual reduction is about 250;. The
maximum carrier plate dissipation for telephony is 2/3 of the telegraphy rating
since under modulation the plate dissipation rises by 500;. Although it is im-
possible to ob:tarn exactly tinear modulation with a fixed grid bias, actually, at
biases of doubrie cutotf or greater the modulation is quite linear. The bias is,
therefore, fixed 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 700, efficiency but also to insure linearity of modulation. To
check this linearity, either the plate voltage is increased step by step and piotted
against power output over the range from zero to twice the carrier value or a
sinusoidal modutating voltage is applied to the plate and the modulated output
viewed on a cathode ray oscillograph. A maximum total distortion of 59 is
considered permissible.

CLASS C TELEPHONY—CRID BIAS MODULATION AND CLASS B R-F Grid bias
modula -

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 109
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 scveral values at or tess 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 tha 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
hte tests can the tube rating be called complete.
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TRIODE
POWER AMPLIFIER

OSCILLATOR
The RK-10 is a triode type power

amphfier tube having a thoriated
tungsten filament and an isolantite
base. It is designed for use as an
amplifier, osciliator or frequency BOTTOM VIEW0F SOCKET
mutltiplier.

FILAMENT RATING
2PRONG Filament Voltage ............ 7.5 volts
RoLpaLIE Filament Current ... ......... 1.25 amp

ey DIRECT INTERELECTRODE CAPACITANCES
% Grid to Plate . .............. 8 uufW L :t, fnput L. 3 wif

Qutput . ... .. 4 upf

A-F POWER AMPLIFIER—CLASS A
MAXIMUM RATINGS

D-C Plate VOltage . .. i e 425 volts
Plate Dissipation ... ... ... e i2 watts

TYPICAL OPERATION

D-C Plate Voltage ... ............ 250 350 425 volts
D-C Gnid Voltage ................ —23.5¢% —32 t —40 t volts
D-C Plate Current ... ... ... ..... 10 16 18 ma
Amplification Factor .. ... ... . 8 8 8
Plate Resistance ... ............ 6000 5150 5000 ohms
Transconductance . ....... ... . ... 1330 1550 1600 pmhos
Load Resistance ................ 13000 11000 10200 ohms
Power OQutput ............. 04 0.9 1.6 watts

R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C
MAXIMUM RATINGS

RAYTHEON AMATEUR TUBES RK-10

TYPICAL OPERATION

Telephony Telephony
Grid Plate Telegraphy

Modulation Modulation

D-C Plate Voltage .............. 450 350 150 volts
D-C Grid Voltage . .............. —170 — 100 — 100 volts
D-C Plate Current . ... ... ..... 40 50 65 ma
D-C Grid Current .. ............. 1 12 15 ma
Peak R-F input Voltage ......... 240 200 235 volts
R-F Driving Power .............. 2.4% 2.2 3.2 watts |
Carrier Power Qutput . .......... 6 12 19 watts
Peak A-F Voitage--Plate ........ — 350% —— volts
Peak A-F Voltage—Grid 70 * — — volts
A-F Modulating Power 0. 9 — watts
Peak Power Qutput ,............ 24 48 = - watts

R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINGS

D-C Plate Voltage . ... ... i e 450 volts
D-C Plate Current (Carrier) 40 ma
Plate Dissipation tCarrier) 12 watts

D-C Plate Voltage ... ... .. i 450 volts
D-C Grid Voltage --60 voits
D-C Plate Current 40 ma
D-C Grid Current 1.5 ma
Pcak R-F Input Voltage ............ 200+ volts
R-F Driving Power ... ... ... ...ttt 4.1 = watts
Carrier Power Qutput .. ...... ... ... . .. . irinn. 6 watts
Peak Power Qutput .. ... ... . .t 24 % watts
#At the peak of the a-f cycle with 1009, modulation.

OPERATING NOTES
FREQUENCY RANGE

The RK-10 may be operated at the maximum ratings at frequencies up to GO
megacycles. Above 60 megacycles the reduced etficiency realized requires that
the plate voltage be lowered to prevent the plate dissipation from exceeding
the maximum rated value.

D-C Piate Voltage---Telegraphy ................... ... 450 volts
D-C Plate Voltage: -Telephony BIAS

With Grid Modulation ...l g,s).g vo::s At least 40 volts of fixed bias should be used with 450 volts on the plate
b.C \F'Al/:tz E{fr'reenhrAOdUIahon ------------------ &3 V°m; to protect the tube in case of failure of the bias or excitation. Additionat bias
D.C Grid Current T 15 ma may be obtained by the use of a grid or cathode resistor,

R-F Grid Current . ... .. ... . it SIS ar'n'D PLATE TEMPERATURE

Plate Dissipation ............covhiienr e L watls The plate of the RK-10 will not show color when operated at the maximum
+Grid Voltage measured from mid-point of a-c operated filament. rated plate dissipation. Dissipations above the rated value should be avoided.

é0- 20
RAVERAGE PLATE f>f; RYERAGE CHARACTERISTICS 1,
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RK_I' RAYTHEON AMATEUR TUBES RK_I'

~ 1509 TRIODE |8avoner R-F POWER AMPLIFIER—CLASS C—TELEPHONY
;';- P POWER AMPLIFIER MAXIMUM RATINGS

OSCILLATOR Plate Grid
The RK-11 is a triode type power Modulation Modulation

amplifier tube having a thoriated D-C Plate VOIage ... ...uuurrnrevianns .. 600 150 volts
tungsten tilament, and an isolantite D-C Ptlate Current (Carrier) ............... 83 50 ma
base. It is designed tor use as a D-C Grid Current (Carrier) ................ 35 5 ma
power amplifier, - oscillator or fre- Plate Dissipation (Carrier) ................ 17 25 wattse duency mulitiplier.

< AMPLIFICATION FACTOR 20Wt BOTTOM VIEWOF SOCKET
Sv02 e FILAMENT RATING

P Filament Voltage 6 3 volts TYPICAL OPERATION
e Filament Current am Plat arid
~S ate r..‘, DlngdcTo LELERELECTRODE CAI"ACI"I’ANCES‘Mf Modulation Modulation

N Input i 7 ruf D-C Plate Voltage .............. . 500 600 750 volts
1spAnTITE Output ... 0.9 puf D-C Cnid Voltage . ......ooonvnn.. —100 —120 —130 volts
2 reoma R-F POWER AMPLIFIER OR OSCILLATOR— D-C Plate Current ............... ER 38 maMER BASE D-C Grid Current . ........ ... ... 26 24 1.2 ma

CLASS C—TELEGRAPHY Peak R-F Input Voltage ... ... ... 160 170 150 volts
MAXIMUM RATINGS R-F Driving Power ............... 3 7 3.7 2.7% watts[] U S D-C Plate Voltage ........... 750 volts Carrier Power Output ......... 38 12 watts

—4 D-C Plate Current . .......... 105 ma peak A-F Modulating Voltage soov 600 30 @ volts
D-C Crid Current . .......... 35 ma A-F Modulating Power 26 0.5% watts
Plate Dissipation ............ 25 watts peak Power Output .............. I|2’3l 1528 48 & watts

TYPICAL OPERATION SA - i o, iD-C Plate VOIage .......vornnneannnnrnn 500 750 volts t the peak of the a-f cycle with 100% modulation.
D-C GCrid Voltage ................ ... .. ... —100 —120 volts
D-C glatecCurrent ....................... 100 ;05 ma
D-C Grid Current . ... ... ... . vl 21 1 ma
Peak R-F Input Valtage .. .. .. . 111110 165 170 volts OPERATING NOTES
R-F Driving Power ............civeveunns 31 3.2 watts
Power OUIDUL ...\ vunieeiieinenanannn. 35 55 watts FREQUENCY RANCE

- _ _ The construction of the RK-11 allows operation at the maximum ratings atR-F POWER AMPLIFIER—CLASS B—TELEPHONY frequencies up to 60 megacycles. Above 60 megacycles the reduced efficiency
MAXIMUM RATINGS realized requires that the plate voltage be lowered to prevent the plate dissipa-

D-C Piate Voltage ......... ... i ninaens 750 volts tion from exceeding the maximum rated value.
D-C Plate Current (Carrier) . ...........o.vevevnvnnen 50 ma
Plate Dissipation (Carrier) .........c.vtiieinnsinens 25 watts
b.C Plate Vol TYPICAL OPERATION 750 \ BIAS

- ate Voltage ....... ... ... ... i iiiiiiiaa, volts A fixed bias volta §ge of at least 30 volts shouid be used with a plate voltage
g:g GP?? V&I}age' """""""""" LR CEEE _22 V°|_L's of 750 volts in order to protect the tube in case of failure of bias or excita-
b.c GraideCurrr:’rfi? e 1 m: tion. The fixed bias may be reduced with lower plate voltage.
ze?k R-F lnprl’lt Voltage . ...oiviviiiiierrinnnesasnn ;IO‘I volts

-F Driving Power .......... ... ¢ciiiiiiininn. . * wattsCarrier Power Output ............ e 12 watts PLATE TEMPERATURE
Peak Power Output . ... ....... . iiiiiniennneans 48 * watts The plate of the RK-11 will not show color when operated at the maximum
%At the peak of the a-f cycle with 1009; modulation. rated plate dissipation. Dissipations above the rated value should be avoided.

300 55 o
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RAYTHEON AMATEUR TUBES RK-12

TRIODE | BAYONET R-F POWER AMPLIFIER—CLASS C—TELEGRAPHY
PPOWER AMPLIFIER @ 7] 3J) MAXIMUM RATINCS

@ S D-C Plate VOIARE ..\ vvee et inria e 750 volts
OSCILLATOR D-C Plate Current ... ...t 105 ma

D-C Grid Current ... iiiiiv i i 49 ma
The RK-12 is a high-mu triode Plate Dissipation . ... .. ... 25 watts

type power amplifier tube having a
thoriated tungsten filament and an 00 Qo TYPICAL OPERATION
isolantite base. It i!sfdesigneclil for D-C Plate Voltage 500 750 volts
use as a power amplifier, oscillator N ; T _

D-C Grid Current . ...... 32 35 ma
Peak R-F Input Voltage .... 160 165 volts

FILAMENT RATING R-F Driving Power ............... 4.6 5.2 watts
Power Output . ............cciiiiiaenn 35 55 watts

Filament Voltage ............ gg volts
Filament Current ............ . amp

OCANTITE R-F POWER AMPLIFIER—CLASS C—TELEPHONY
by PLATE MODULATION
weo sase DIRECT INTERELECTRODE CAPACITANCES MAXIMUM RATINGS

U U -,'L Grid to Plate 7 upf D-C Plate Voltage ... .....oiuemieennininanensannns 600 volts
T Input . ..... 7 uuf D-C Plate Current ... .ttt 85 ma

Output ........... 0.9 pinf D-C Grid Current . ...ttt e 40 ma
Plate Dissipation . ..........cccieieennnnennannnnsnn 17 watts

TYPICAL OPERATION

A-F POWER AMPLIFIER—CLASS B—TWO TUBES D-C Plate Voltage ....................... 500 600 volts
MAXIMUM RATINGS BIC Blate ‘Curromt T80 T s

- i . 27 27 maD-C Plate VOIAEE . .....oooueeaanaaneiaenns, 750 volts ~ D-C Grid Current . ... .c...00 o
D-C Plate Current (per tube) ..............ooonvnnn. 105 ma I’p{‘f}a:kD‘rli.vFinéngz:v;o"age """"""""" 511468 EI!.SBS w\":tI::
Plate Dissipation (per tube) ..............cciivean.. 25 watts Carrier Power Output | il 30 38 watts

(Averaged over 1 cycie) A-F Modulating Power ................... 21 26 watts
Peak Power Output ...................... 120 152 watts

TYPICAL OPERATION OPERATING NOTES
FREQUENCY RANCE

g:g g:ia‘;ev\c/’fllgsse """""""""""""""""" (7)50 \\,’g::: The construction of the RK-12 allows operation at the maximum ratings at
D.C Plate Current (no sugnal) """""""""""" 50 ma frequencies up to 60 megacycles. Above 60 megacycles reduced efficiency re-
D-C Plate Current (max. signal') ot 200 ma quiresd‘that“’:he plate voltag:: ge lclwvered to prevent the plate dissipation from
D-C Grid Current (max. signal) ...........c.c.ccvnun. ]639 r"na exceeding the maximum rated value.
Peak A-F GCrid Voitage lgrid to grid} ................ volts

ivi PLATE TEMPERATURE
A-F Driving Power .. .......c.civieirininetnnnenaeeas 3.4 watts
Load Rresistince {plate to plate) .................... 9600 ohms The plate of the RK-12 will not show color when operated at the rated
Power Qutput L e e 100 watts plate dissipation. Dissipations above the rated value should be avoided.
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,,,V AVERAGE PLATE 13; o |AVERAGE CHARACTERISTICS -
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RK-18 RAYTHEON AMATEUR TUBES RK-18

- TRIODE yeavoneT R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINGSPOWER AMPLIFIER 5, 11 blate Volt 1250 "

OSCILLATOR R DS Blate YO s 3 vons
The RK-18 is a triode 'ypfi powc(; Piate Dissipation (Carrier) ... i 40 whatts

amplifier tube having a thoriate TYPICAL OPERATION
tungsten filament, a molybdenum
plate and an isolantite base. It is R @ D-C Plate Voltage .............coiviiiiiiiiin, 1250 volts

. designed for use as a power ampli- (D &) CD)‘% %l;geVgL'ra'g" ................................. —18 vorlv:;
g max= |, fier, oscillator or frequency mMulti= porryy yeyorsocker Peak R-F Input Voltage ... ...l 11111111111 160s voits

£ . R-F Driving Power ... .......uitiiirrvrinnnnnaneanann 2.1 % watts
W FILAMENT RATING Carrier Power Output ... ... ... ... ... o .. 18 watts
i Filament Voltage 15 volts Peak Power Output .. ... ... ...t 72 % watts

. - Filament Voltage ............ .

Y Filament Current ............ 3 ampo ..

N A-F POWER AMPLIFIER—CLASS B-—TWO TUBES
T DIGREdCT :)PINITERELECTRODE CAPficslTANCES . MAXIMUM RATINGCS

rid to Plate ............... . pp D-C Plate Voltage 1250 voltsAT Tput e 6 huf D-C Plate Voltage ...,

2reonG D-C Plate Current {(per tube) ...................... 115 ma
izt Output ...ty 1.8 a1t Plate Dissipation (per tube) .........o.vooneornenn. 40 watts

S (Averaged over 1 cycle)U U Yoren) R-F POWER AMPEI:)\?S! gR OSCILLATOR—
R TYPICAL OPERATION

MAXIMUM RATINGS D-C Plate Voltage ................ooinnn 1000 1250 vents
D-C Plate Voltage-—~Telegraphy .................... 1250 volts g‘g FG’I';?eVCo\lJ':Egt “(ra g TR ‘gg 3(5) volts

- N - signal) ..., maD-C Plate Voltage—Telephony 1250 its D-C Plate Current (max. signal) 230 220With Grid Modulation . ....................... S volts 3 k
With Plate Modulation ................c....... 1000 volts D-C Grid Current (max. signal) 38 60 ma

D-C Plate Current . .... .ot enieninnnnennnanaans 100 ma f\e:kDA.‘F I"%‘” Voltage (grid to grid)....... ‘2‘638 352 > olt
~ id Current . ... 4 - riving Power . ... ...... ... .. ... .. .. . walls

RF G Comrent L 50 amp Load Resistance (plafe 1o’ piate) . .11 01! 12000 18000 ohms
iSSipation . . 20 tt ower OQutput .. ......... ... i, 150 190 watt,

Plate Dissipation ...... WallS *Af the peak of the a-f cycle with 1009 modulation.
Telephony Telephony Telepraphy OPERATING NOTES

TYPICAL OPERATION Grid Plate
Modulation Modulation FREQUENCY RANGE

cP 1HaBE o oo ) i 1250 It The RK-18 may be operated at the maximum ratings at frequencics up to

8—8 Glr?(;ev\c/)’otgsge ............... ——1‘21(5)0 — 280 —16(5) 53,,2 60 megacycles. Above 60 megacycles, the reduced efficiency realized requires
D-C Plate Current ool 38 80 100 ma 1ha(tj‘ fhethulate voltage bedlow'ered to prevent the plate dissipation from ex-
D-C Grid Current ............... 0.5 i3 12 ma ceeding the maximum rated value.
Peak R-F Input Voltage .......... ISQ_‘ 265 255 volts BIAS
R-F Driving Power .............. 3.87 3.] 28 watts At least 60 voits of fixed bias should be used with 1250 volts on the plate
Carrier Power QOutput............ 18 4 95 watts to protect the tube i t fail ¢ th C PPeak A-F Voltage—Plate ........ _ 1000 o volts p e tube in case of failure of the bias or excitation.

;e?:k";\-g !\/qltag%—crid ......... ]6051 :‘—o- — V'-"'“’s PLATE TEMPERATURE
Poak Pc:)v‘:e?“gitpg\t’ver """"" 75 % 256 & - x:':: The RK-18 will show a light cherry color (See Plate Temperature Color Scale)

--------- s ; when operated at the maximum rated plate dissipation. Dissipations above the
WAt the peak of the a-f cycle with 1009, modulation. rated value should be avoided.

150 120 1[,__
R / AYERAGE PLARTE ‘p,f: RVERAGE CHRRACTERISTICS P)?Q N / CHHP/?CTER/57;/C5 Z GRID MODULATION / e
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RAYTHEON AMATEUR TUBES

RK-19 RK-19 iRKK.21 RK-22
RK-22

TWIN DIODE TWIN DIODE
FULL-WAVE HIGH 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 fow 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 .......... 7.5 volts
Heater Current .......... 2.5 amp

MAXIMUM RATINGS
\ A-C Voltage per Plate..... 1250 volts

Peak Inverse Voltage ..... 3500 volts
- Peak Plate Current per Plate 0.6 amp
pd D-C Output Current ...... 0.2 amp
Lt tCondenser input filter)
=\OV

.

©

! OPERATING NOTES
iy

Lo CAUTION

?.? The cathode should always be allowed to reach
Wt operating temperature before the plate voltage is

a0 applied. For average conditions this delay should be
By at least 30 seconds.")

fi,’%’ :I‘Q The plate leads from the power transformer should
WEUM I'a be of flexible wire to prevent strain on the top caps.
sAsE RERY Connection to the top caps should be made with a

! ¢clip or spring clamp. The lead wires must not be
U U . soldered to the top caps.

RK-21

DIODE

HALF-WAVE HIGH VACUUM RECTIFIER

The RK-21 is & heater type half-wave high vacuum rectifier tube designed
for use in d-c power supplies delivering approximately 1000 volts d.c. The
RK-2} has a low internal voltage drop approachipg that of mercury vapor
tubes and operates without generating the r-f noise common to mercury vapor
tubes.

HEATER RATING

Heater Voltage .............. . i, 25 volts
Heater Current ... ... . . . ittt 4 amp

MAXIMUM RATINGS

A-C Voltage per Plate ............. ..o ivevn.un 1250 volts
Peak Inverse Voltage .. ... it innnnnaenns 3500 volts
Peak Plate Current ... ... ... .. iiiviererenacanns 0.6 amp
D-C Qutput Current (condenser input filter) . ........ 0.2 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
chp or spring clamp. The lead wire must not be soldered to the top cap.

Rev. April 8, 1938
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RK-19
RK-21
RK-22

FULL-WAVE HIGH VACUUM RECTIFIER

The RK-22 is a heater type full-wave high vacuum
rectifier tube designed for use in d-c power supplies
delivering approximately 1000 volits 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 RATING
Heater Voltage 2.5 volts
Heater Current 8 amp

MAXIMUM RATINGS
A-C Voltage per Plate........ 1250 volts
Peak Inverse Voltage ........ 3500 volts
Peak Plate Current per Plate. . 0.6
D-C Output Current ......... 0.2

{Condenser input filter)

amp

amp

&

OPERATING NOTES X

CAUTION

The cathode should always be atlowed to reach operat-
ing temperature before the plate voltage is applied. For
average conditions this delay should be at least 30
seconds.

The piate 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.
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RK-20A
365 oo 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. |t is designed
for use as a power amplifier, oscil-

RAYTHEON AMAIEUR

~—2,é' ,‘3}”,}_* T lator or frequency multiplier. The
al RK-20A may also be used in circuits

. ';';" employing suppressor or control grid
BN modulation. BOTTOM VIEW OF SOCKET
H‘l FILAMENT RATING
= Filament Voltage ........... 7.5 volts

Filament Current ............ 3.25 amp
DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate . .............. 0.01 wuf
IS0LATITE Input ... .. . i 14 wpf
i;i%if Output . ... .. it 12 npf

- R-F POWER AMP, OR OSC.—CLASS C
e MAXIMUM RATINGS

Iubde> HK'&UA

R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINGS

D-C Plate Voltage . ... ... ... . i iiiriinrnann. 1250 volts
D-C Screen Voltage ...............iiiiiiiiinnnann 300 volts
D-C Plate Current (Carrier) . ....... ... ... . ... 70 ma
Plate Dissipation {(Carrier} ............cciuurirnnnns 40 watts
Screen Dissipation (Carrier) ........... .. ... iuan 15 watts

TYPICAL OPERATION

D-C Plate Voltage ........ .. . i v 1250 volts
D-C Screen Voltage . ......... ..t iiiiinennnnnnns 300 volts
D-C Suppressor Grid Voltage ............. ... ....... 0 volts
D-C Grid Voltage ... ... ... it —30 volts
D-C Plate Current . ..., .. ... .. . i 43 ma
D-C Screen Current ... ... ...t inan e 15 ma
Peak R-F Input Voltage. .. ....... ... ... ... ... ... 70 * volts
R-F Driving Power ... ... ... .. it iiiiinnranenans 0.5¢ volts
Carrier Power Output . .......... ... ..cciiiineaenann 16 watts
Peak Power Output . ... ... ... ..ttt naans 64 * watts
*At the peak of the a-f cycle with 1009, modulation.

OPERATING NOTES
FREQUENCY RANGE

D-C Plate Voltage—Telegraphy . 1250 volts The RK-20A may be operated at the maximum ratings at frequencies up to
D-C Plate Voltage—Teiephony 30 megacycles. At frequencies between 30 megacycles and 60 megacycles the

With Control or Sup. Grid Modulation. .. .......... 1250 volts maximum d-c plate voltage should not exceed 900 volts. The operation of the
With PlateI G Screen Modulation. ................ ;880 volits tube at frequencies higher than 60 megacycles is not recommended.

D-C Screen Voltage . ......... vttt iinnrevnanans volts EXCITATION
D-C Plate Current ... ... ... ..ottt eainannnnn 92 ma The Class C amplifier characteristic curves show the power output, plate cur-
D-C Control Grid Current .......... ... . oaoenntn 15 ma rent and screen current plotted vs. excitation as denoted by the control grid
R-F Control Grid Current ......... . ..ooooiiivennnn. 5 ampP cyrrent in milliamperes. The power output fiattens off around 11 or 12 ma.
Plate Dissipation ...............cioiiiiiiiiaiians 40 watts of grid current with very little gained beyond these values. The screen dissipa-
Screen Dissipation ......... . . i 15 watts tion increases with excitation and for this reason the excitation should be kept

Telephony Telephony Telephony Telegraphy at a reasonable value.
Control Suppressor Plate & SCREEN VOLTACE

TYPICAL OPERATION Grid Grid Screen The screen voltage may be obtained either from a separate source or through
Modulation Modulation Modulation a dropping resistor from the plate supply. The screen should always be by-

D-C Plate Voltage 1250 1250 1250 1000 1250 1250 volts Passed to the filament midpoint for r.f.
D-C Screen Voltage 300 300 300 300 300 300 volts SHIELDINC
D-C Sup. Grid Volt. 0 +45 -—45 0 [0} 445 volts _ Shielding of the grid input tuning system from the plate tuning apparatus
D-C Con. Grid Volt, —142 —142 —100 ~100 —100 —100 volts is desirable and will provide improved stability. If a shield is applied to the
D-C Plate Current 40 40 48 7(5) 8(; gé ma RhK_ZlgA Iit sh%uid lend(?)sel the base| and extend to the lower internal shield and
D-C Screen Current 7 7 44 3 4 ma should clear the glass bulb by at least 1/16".
D-C Con.GridCurrent 1.8 1.8 115 lzgooot s 115 ma gas
Screen Resistor — — -— — ! ohms Battery bias, or at least partial battery bias on the control grid is recom-
zengRi;fir:gg\;:v\é?H. :65(2°l ;65(1. :450 {435 }565 {565 v:'I:tl:: rr;fngez':i, Additional bias may be obtained by placing a resistor in series with

- r . O . - B . the battery.
Carrier Power Output 17 20 21 52 64 84 watts
Peak A-F Volt.—Plate — — — 1000¢ — — volts CRYSTAL OSCILLATOR . .
Peak A-F Volt —Grid 30% 302 75 % 300 * _ — volts sing crystal control, 50 watts of r-f power output may be obtained without
A-F ModulatingPower 0.3* 0.3% 036% 52 - - watts overheating the crystal.
Peak Power Qutput 68> 80¢ = 208 * — — watts PLATE TEMPERATURE
2At the peak of the a-f cycle with 1009, modulation, The plate of the RK-20A will not show color when operated at its rated
tConnected to plate end of modulation trans. and by-passed for r.f. only. plate dissipation. Dissipations above the rated value should be avoided.
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@ Ep=7.5Y AC G| w0 | SUPPRESSOR GRID MODULATION e &00 Y/ 18 e Ec»=300Y DC. Ep=25YAC [ S oureul | \9
4 /"’ i Ecy=0V¥ OC. 8o £,=1250%DC o o

T Ly E¢3=300Y0C l R o
_ § | == " £, =-100YDC ¢ 3 J -l

o A ey 
I,,= iL5MADC : 9»@‘ 9&7

é / ] " 60% GPERATING 2 95 \1‘(’\) ]/w =+10 T 3 P e YOINT \!1208 1 i ——T—T 50%‘0 f L GQB/ / 252 / L1 =487 g: D-C SCREEN CURRENT | A / E
z / | T & 7 v4 — [

80 = =18 RS A AV A zrorivinG roveR &
w 15—— ks 13X \ L1 =10Y 33 // 11// Q

N 0% /‘ T 09?e L =20 s » vd / i 3
* = e — e /aQer / P fl!E
v mr e T T T g so Qt//lm 0 300 00 600 = 0 = :: —= = 0 zk /// 420 g% 700 | 800 900 J000 jiB0 1200 1300 1ap0 <40 <100 50 B0 W 60 -50 -0 W 20 -0 MO 420 430 A0 +50

p-C PLATE VOLTAGE -VOLTS D-C SUPPRESSOR GRID VOLTAGE - VOLTS
100 .

L3AVERAGE CHARACTERISTICS ! V5O [T AVERAGE CHARACTERISTICS
97 R-F AMPLIFIER OR OSCILLARTOR-CLASS C_d—==t—F R| CONTROL GRID MODULRTION 1

Ep=75YAC Wl puT {1 08 | Ep=7.5VAC80 Ln Ep=1z50voC Ecufle“‘*o\flf flg/"‘ § £, =1250" DC A
a5 chaoa"vpc v\,“‘/ - LA~pLaTE EFF'C':"I?Y S| Egp=300¥oC A@

g5 ferremiec | gl i 3| Coarrie [ ] oay fes L ° opfpfir@,i Vy
0> - A | 1003 POINT | ot

sye - oreRfpTinG .| 2 X i eyLfig p P —1" E z i & ]LS f 255 |8 H VeP / o ennew ] ! SEn 1 gR
oS wLE A y | PO IR v

SWS p: - W =3 A | (€ A
g / el L1 3| [60u/lF T gLle —4 4 gEEM cui—] 15 8 & ” |% T‘,\)T
] / p- 58 oWER I o lpu%d / A 70VS PGP ] z VIR 71 t[ T e et 14 10 % W'y / OV‘
& P e o ZF 7 | 3 558 e Vet T L° — | & 20X e AT | cuRBEN L —1N Lo | EEN i3% A |1 c SCREE i
3 — ! & 2%s L~ T | et R CURRENT

03 gt S J— | P A et 112-cc : ‘T—'T-‘T———
Y7 ! F4 3 a 5 6 7 8 s w0 u 1z 13 <60 -115 ~I70 ~I85 160 -IS5 -/50 -J45 140 -135 30 -j25 <120 NS 1D
L D-C CONTROL GRID CURRENT~-MA. CONTROL GRID YOLTAGE -VDLTS

Rev. April 4, 1938 CS-1321
RAYTHEON ENGINEERING SERVICE 39



RK-23
RK-25
RK-25B PENTODE

e POWER AMPLIFIER
OSCILLATOR

tubes having isolantite bases.

quency multipliers. They may also B0TTOM VIEW OF SOCKET
1o be used in circuits employing sup-

28 mai pressor or control grid modulation. K25
HEATER RATING RK-23 RK.25B

Heater Voitage 2.5 6.3 volts
Heater Current .... 2 0.9 amp

75800 DIRECT INTERELECTRODE CAPACZITANCES ;
b Grid to Plate ............... 0. si
angefic!flhfl Input . ... e 10 puf

Qutput ... i e 10 upf

Ut MAXIMUM RATINGS

The RK-23 and the RK-25 are
heater type pentode power amplifier

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-

RAYTHEON AMATEUR TUBES

R-F POWER AMP. OR OSC.—CLASS C

RK-23

F POWER AMPLIFIER—CLASS B—TELEPHONY RK-25R- — -

MAXIMUM RATINGS RK 258
D-C Plate Voltage ... ...ttt 500 voits
D-C Screen Voltage ............ it iiiviiiaennaan 250 volts
D-C Plate Current (Carrier) ............ ... ... 35 ma
Plate Dissipation (Carrier) . ....... ..o 10 watts
Screen Dissipation (Carrier) .. .......covu i 8 watts

D-C Plate Voltage ... ....coviiii i 500 volts
D-C Screen Voltage .........coeiviuurnonnnannenann 200 volts
D-C Suppressor Grid Voltage 0 volts
D-C Control Crid Voltage ... ~-38 volts
D-C Piate Current ................ 30 ma
D-C Screen Current . ...ttt 12 ma
Peak R-F Input Voltage ...........ccciiinnnv... 80 = volts
R-F Driving Power .. ....... it rnninivineinn 0.24% watts
Carrier Power Qutput ... ... . . i, S watis
Peak Power Qutput ... ........ ... 0 uiiinunnneannn 20 * watts
#At the peak of the a-f cycle with 1009, modulation.

OPERATING NGTES
FREQUENCY RANGE

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

D-C Plate Voltage—Telegraphy . 500 volts realized requires that the plate voltage be lowered to prevent the plate dissipa-
D-C Plate Voitage—Telephony tion from exceeding the maximum rated value.

With Con. or Sup. Grid Modulation. .............. 500 volts EXCITATION
With Plate G Screen Moduiation. ................ 400 voits The Class C amplifier characteristic curves show the power output, plate cur-

D-C Screen Voltage ............. . ciiiiiaiienans 250 volts rent and screen current plotted vs. excitation as denoted by the d-c control grid
D-CPlate Current ...........ooiviiiiiinirianen 60 ma current in milliamperes. The power output flattens off around 4 or 5 ma. of
D-C Control Grid Current ... 10 ma grid current with very little gained beyond these values. The screen dissipation
Plate Dissipation ............o i 10 watts increases with excitation and for this reason the excitation should be kept at a
Screen Dissipation ... ... ...t 8 watts reasonable value.

Telephony Teiephony Telephony Telegraphy SCREEN VOLTAGE
Control Suppressor Plate & The screen voltage may be obtained either from a separate source or throughTYPICAL OPERATION grig Grid Screen droos - BNMosbion Modulation Modulation :assreogp'l:g'hr:sclsat'cilroégo?;rt?'(fa. plate supply. The screen should always be by

D-C Plate Voltage 500 500 500 400 500 500 volts SHIELDING
D-C Screen Voitage 200 200 200 150 200 200 volts Shielding of the grid input tuning system from the plate tuning apparatus is
D-C Sup.CridVoltage 0O +45 —45 0 0 +45 volts desirable and will provide improved stability. |f a shield is applied to the RK-
D-C Con.Grid Voit. -125 —125 -—90 -—90 —90 —90 volts 23, RK-25 or RK-25B, it should enclose the base and extend to the lower in-
D-C Plate Current 32 34 31 43 50 55 ma ternal shield and should clear the glass bulb by at least 1/16”,
D-C Screen Current 20 20 39 30 40 38 ma BIAS
ls)c-rce‘;ogécirsn'dosurrent 1—5 _‘_5 4_ 33001: ‘_‘_ ‘_‘_ ohnn:: At least 25 volts of fixed bias should be used with 500 volts on the plate

s 3 135 \ to protect the tube in case of failure of the bias or excitation. Additional bias

:fgkofi;fin';%‘;'w\g‘;’“' }50* }53% 2)355 C‘)485 g) 55 05 v::t:: may be obtained by the use of a grid or cathode resistor.
Carrier Power Output 5.5 6.5 6 i35 18 22 watts CRYSTAL OSCILLATOR
Peak A-F VoIt —Plate — — — 400 — — volts Using crystal control, 20 watts of r-f power output may be obtained without
Peak A-F Volt — GCrid 45 % 45 =% 75 % 150% —_ — volts overheating the crystal.
A-F Modulating Power 05% 0.55% 0.3% 14.5 —_ — watts PLATE TEMPERATURE
Peak Power Qutput 22« 26 % 24 54 % ad — watts The plate of the RK-23, RK-25 or RK-25B will not show color when operated
%At the peak of the a-f cycle with 1009 modulation. at the rated plate dissipation. Dissipations above the rated value should be
tConnected to plate end of modulation trans. and by-passed for r.f. only. avoided.
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TRIODE
AMPLIFIER

OSCILLATOR

The RK-24 is a triode type ampli-
fier tube having a coated filament
and an isolantite base, 1t is designed 06 %
for use as an amplifier or oscillator

G

in transceivers and portable equip-
7 ment at ultra-high frequencies. |t BOTTOM VIEW OF SOCKET
540%"0’;(,;5 will supply more power output and

SMALL BAYE give better life. than the type 30 in
o these applications.

Yoo FILAMENT RATING
Filament Voltage ............ 2.0 d-c volts
Filament Current . ........... 0.12 amp

DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate ... . i s 5.5 upf
L2 = 3.5 auuf
OUDUL oottt e e e 3.0 uuf

A-F AMPLIFIER—CLASS A

MAXIMUM RATINGS

D-C Piate Voltage 180 volts
Plate Dissipation 1.5 watts

D-C Plate Voltage 180 volts
D-C Grid Voitage —135 volts
D-C Plate Current 8 ma
Amplification Factor ............ 8 8 8
Plate Resistance ................ 5500 5300 5000 ohms
Transconductance ............... 1450 1500 1600 pmhos
Load Resistance ................ 5000 9000 12000 ohms
Power Outout .................. 25 110 250 mw

0,

RVERAGE PLATE CHARACTERISTICS }-"?
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RAYTHEON AMATEUR TUBES RK-24
R-F AMPLIFIER OR OSCILLATOR—CLASS C

MAXIMUM RATINGS
D-C Plate Voltage ... ... ...t iinenaneonnns 180 volts
D-C Plate Current ... ... ... e 20 ma
D-C Grid Current . .. ... . 6 ma
Plate Dissipation ... .. .. ... e 1.5 watts

TYPICAL OPERATION
D-C Plate Voltage ... ... ... .. i 180 volts
D-C Grid VOIaBE . .. o oottt e —45 volts
D-C Plate Current . .. ... ... . . e 16.5 ma
D-C Grid Current . ... i e 6 ma
Peak R-F Input Voitage 92 volts
R-F Driving Power ......... 0.5 watts

2 wattsPower Qutput ... . . .. e

OPERATING NOTES
FREQUENCY RANGE

The RK-24 is particularly adapted for use in circuits operating at frequencies
from 60 to 112 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 ot the RK-24 wil! not show color when operated at the maximum
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 shnwn in ARR.R.L.'s QST-magazine for September 1936.
AN. = . R

MINUTE MAN TRANSCEIVER MIKE * ¢gé 4} ; '4
PHONES

[
4

RFC

S

5 A_h' ,__] s

+A A -8 +8 135%

C, —Two-plate midget variable, Ry —3 ohms
low loss R. ~-—10,000 ohms

Cg —100 uufd. R, —5 megohms,
Cy —0.25 ufd. R; —50,000 ohms variable
C, —O0.1 ufd. . L, —Four turns in flat spiral
La —10 turns No. 14, 14 inch inside diameter, spaced diameter of wire.
T —Transceiver Transformer,
RFC-—45 turns No. 25 cotton-covered wire, inside diameter V4 inch, close wound

and self-supporting.

AVERAGE CHRRACTERISTICS \\'P‘fi
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RK_28 RAYTHEON AMATEUR TUBES RK-28

PENTODE R-F POWER AMPLIFIER—CLASS B-—-TELEPHONY
sso{PF o POWER AMPLIFIER | BAYORET MAXIMUM RATINGS

—" D-C Plate Voltage 2000 volts
OSCILLATOR D-C Screen Voltage 400 volts

The RK-28 is a pentode type D-C Plate Current ) 80 ma
power amplifier tube having a thor- Plate Dnsmpatlo_n (Carrier) 100 watts
iated tungsten filament, a molyb- Screen Dissipation (Carrier) 35 watts
denum plate, a hard glass laulb and!?
an isolantite base. It is designed
for use as a power amplifier, oscil- D-C Plate Voltage ... 2000 volts

., e lator or frequency multiplier. The D-C Screen Voltage . ........... ... 400 volts
'25 DA MAX - - RK-28 may also be used in circuits 8-% Scup;?resls%r (jrl\(/i Xolteage ........................ (3)8 vo::s

p i i - ontrol Gri oltage ... .. i — oltsZ%g(ggfg) o emrgg:fi:ltri\gn?uppressor or control grid BOTTOMVIEW OF SOCKET - D.C Plate Current .. g ............................ ;8 v ma
D-C Screen Current . ... it e ma

fee FILAMENT RATING Peak R-F Input Voltage 90 * volts
© Filament Voltage 10 volts R-F Driving Power ............ 0.9 watts
5"? Filament Current amp Carrier Power Output ......... . 50 watts

DIRECT INTERELECTRODE CAPACITANCES f‘eak Power Qutput .......... SRR RS 200 watts
Grid to Plate 0.02 uuf “#At the peak of the a-f cycle with 1009 modulation.

L 58" a ——od input ............. .. 15 upf,,6//]2/%!0::0/16 Qutput . ... .............. 15 uuf OPERATING NOTES
S \SOLANTITE R-F POWER AMP. OR OSC.—CLASS C* FREQUENCY RANGE

« | SPAYONET BASE MAXIMUM RATINGS .“\"E e D-C Plate Voltage—Telegraphy 2000 volts The RK-28 may be operated at the maximum ratings at frequ_encies up_to
8 UUUUU e D-C Piate Voltage—Telephony 30 megacycles. Above 30 megacycies the reduced efficiency realized requires

RPN CIRCLE With Con. Grid or Sup. Grid that the plate voitage be lowered to a maximum of 1500 volts to prevent the
%.flfl””’ Modulation .......... 2000 volts plate dissipation from exceeding the maximum rated value. The operation of

With Plate—Screen Mod. 1500 volts the tube at frequencies higher than 60 megacycles is not recommended.
D-C Screen Voltage ......... 400 volts EXCITATION
D-C Plate Current . ......... 150 RD-C c:nfm,ué;ig Current . ... 2;5 m: The Class C amplifier characteristic curves show the power output, plate cur-
R-F Control Grid Current .... 8 amp rent and screfn current plotted vs. excitation as denotfid by the Idz»c colnatrol gri(fi
Plate Dissipation . .......... 100 t current in milliamperes. The power output flattens off around or ma. oSc?ein 'Bsi;‘:;ap';:?on _________ 35 x:,:: grid current with very little gained above these values. The screen dissipation

A L o increases with excitation and for this reason the excitation should be kept at
T T T Tel hTYPICAL OPERATION Control Suupresso,r Plate &’ erearagy a reasonable value.

Grid Grid Sereen SHIELDING
Modulation Modulation Modulation Shielding of the grid input tuning system from the plate tuning apparatus

D-C Plate Voltage 2000 2000 2000 1500 1500 2000 2000 volts is desirable and will provide improved stability. If a shield is applied to the
D-C Screen Voltage 400 400 400 400 400 400 400 volts RK-28 it should enclose the base and extend to the lower internal shield and
D-C Sup. Grid. Vult. 0 +45 —45 o] +45 0 445 voits shoutd clear the glass bulb by at least 1/16".
D-C Con. %’id Volt. 7&‘5*0-—140 —\(5)0 --100 }(3)2 - »lng:Cs)(()) volts BIAS
D-C Plate Current 80 8 135 12 ma
D-C Screen Current 20 20 65 64 52 75 55 ma At least 20 volts of fixed bias should be used with 2000 volts on the plate
D-C Con. Grid Current 4 4 13 13 13 13 13 ma to protect the tube in case of failure of the bias or excitation. Additional bias
Screlfn Resistor ——0 TO ‘—— ;;8001 ]2|(0)001 —]—70 I_;O ohrlns may be obtained by the use of a grid or cathade resistor,
Peak R-F Input Volt. 17 7 S0 7 volts
R-F Driving Power 35% 35% 18 2.0 2.0 20 20 watts CRYSTAL OSCILLATOR
Carrier Power Output 70 75 60 135 155 160 watts Using crystal control, 150 watts of r-f power output may be obtained with-
Peak A-F Volt —Plate — — — ISOO: ISOO?Z: volts out overheating the crystal.
Peak A-F Volt.—Crid 50 * 50 = 90 * 400 * 400 * volts PLATE TEMPERATURE
A-F Modulating Power 1.0% 1.0% 1.2 % 150 140
Peak Power Output 280% 300% 240% 540 * 620 *
¢At the peak of the a-f cycle with 1009, modulation.
t{Connected to plate end ot modulation trans. and by-passed for r.f.

[ET
]

watts 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.o
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RAYTHEON AMATEUR TUBES RK_3O

TRIODE R-F POWER AMPLIFIER—CLASS B——TELEPHONY
SAYONET MAXIMUM RATINCS

POWER AMPLIFIER 9 fl | a D-C Plate Voltage ..........ctiiininvrnrnnnannnns 1250 volts
D-C Plate Current (Carrier) 55 maOSClLLATOR @ @ Plate Dissipation (Carrier} 35 watts

The RK-30 is a triode type power
amplifier tube having a thoriated
tungsten fitament, a molybdenum D-C Plate Voltage . ...t iiannnnnenns 1250 volts
plate and an isolantite base. It is q e D-C Grid Voltage . ...... .ottt inmunneensonn —70 volts
designed ‘Il’or use as a power ampli- o o D-C ElatecCurrenf ................................ : ‘1103 ma
fier, oscillator or frequency multi- D-C Grid Current .. ... . i i e i e . ma
plier. BOTTOM VIEWOF SICKET Peak R-F Input Voltage ... .......coeuuvvuunennennnins %OSO: volts

R-F Driving Power ... ... ... ... ... iiiierrennnanennn . watts
AMPLIFICATION FACTOR 15 Carrier Power Output ... ... ... ..t inenrnansonns 18 watts
FILAMENT RATING Peak Power Qutput ...........c.c.viiineninnnnnnans 72 % watts

ISOLANYITE Filament Voltage .......... 7.5 voltsL’}’Zfifisf Filament Current .......... 3.25 amp A-F POWER AMPLIFIER—CLASS B—TWO TUBES
BAYONE MAXIMUM RATINCS

U U DIRECT INTERELECTRODE CAPACITANCES D-C Plate VOItage . .......cuovviuveeeannneeeeennonen 1250 volts
ot i Plate .. ..o . D-C Plate Current (per tube) ............... ... ... 80 maL fi,ré,?,"o_ ) .a”e ............... %;5 ,’:Z’; Plate Dissipation (per tube) .......... PR 35 atts

Output ..........coiinnnnn 2.75 puf (Averaged over 1 cycle)

R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C boC Plate Vol TYPICAL OPERATION 1250 "
MAXIMUM RATINGS DIC CridVeltage. ... 1111 L 2 1L 30 volts

D-C Plate Voltage—Telegraphy ...................... 1250 volts D-C Plate Current (no signal) .........c.ccvuvnivnennns 30 ma
D-C Plate Voltage—Telephony D-C Plate Current (max. signal} . ................... 130 ma

With Grid Modulation ............ ... ..c.00.u.n 1250 volts D-C Grid Current (max, signal) ..................... 26 ma
o C\PA'/it'h Elate P;Aodular&on ........................ égOO volts Peak A-F Input Voltage (grid to grid) ................ 300 volts

- ate Current .. ... ... e e ma A-F Driving Power ... .............. A 34 wattsD-CGrid Current ... ... .. ... i 25 ma Load Resistgancc (plate to plate) .. RN 21000 ohms
Plate Dissipation—Telegraphy ...................... 35 watts Power OUEPUL ... ..ttt e 106 watts
Plate“/lf)'i’s\si(p;a'tc;o&——ge,le'phonrc o) 35 ' #At the peak of the a-f cycle with 1002, modulation.

t ri oduiation arrier PPN watts
With Plate Modulation (Carrier) 23 watts OPERATING NOTES

Telephony Telephony Telegraphy FREQUENCY RANGE . . .
TYPICAL OPERATION Grid Plate The RK-30 may be operated at the maximum ratings at frequencies up to

Modulation Modulation 60 megacycle&d/\t frequen?les be:‘weleé\ 60 megacyd]es and |120 megacy?lze(s)
the maximum d-c plate voltage should not exceed 1000 volts. Above

g:g gl?éev\;?:;ggc """"""" _:%30 ___;880 _}ggo :g::: megacycles the maximum d-c plate voltage should not exceed 750 volits.
D-C glactjec(:urrent .............. “105 80 "9(8) ma BIAS
D-C Grid Current ............... : 13 ma At least 55 volts of fixed bias should be used with 1250 voits on the plate
Sf:koei"vfinlg"%‘gw\éf“age """"" }75% 3250 2220 v::::: to protect the tube in case of failure of the bias or excitation. The fixed bias
Carrier Power Output .... DR 18 60 85 watts may be reduced with lower piate voltages.
Peak A-F Modulating Voltage ..... 60 * 1000%* —_— volts PLATE TEMPERATURE
Q.Fk hgodulatg\g Power .......... 025: 42 N — watts The plate of the RK-30 will show a dull, cherry red color {See Plate Tempera-

cak Power Output e 72 % '2 0 * It watts ture Color Scale) when operated at the maximum rated plate dissipation. Dissi-
“At the peak of the a-f cycle with 1009 modulation. pations above the rated value should be avoided.
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RK_3‘| RAYTHEON AMATEUR TUBES RK'31

woofak V TRIODE JsavoneT R-F POWER AMPLIFIER—CLASS C—TELEGRAPHY
MAXIMUM RATINGS[ ] POWER AMPLIFIER 5 D-C Plate Voltage . ........o.oweeinoeoiiiinniin. 1250 volts

D-C Plate Current ... ... .. ... i 100 maOSCILLATOR O D-C Grid Current ... 11l 35 ma
. A . R-F Grid Current ... ...ttt e 5 amp

The RK-31 is a high-mu triode Plate Dissipation . ..........ceiuiut i 40 watts
power amplifier tube having a thori-
ated tungsten filament, a molyb- o

L2 sk o s denum plate and an isolantite base. &) D-C Plate VOMBEE . ..\ iei e ieinnnar e 1250 volts
* B It 15 designed for use as a power D-C Grid Voltage ................ —80 volts

R amplifier, oscillator or frequency 80TTOM VIEW OF SOCKE D-C Plate Current . ... ieeuu... 100 ma
= multiplier. D-C Grid CUIrent . ..o\ttt 30 ma

X, Pecak R-F Input Volitage 145 voits
B R-F Driving Power . .. ... ... ... .. i 39 watts
;;v FILAMENT RATING Power OUIPUL .ttt it 90 watts
S

Filament Voltage .......... 7.5 voltsS ATTE Filament CurreEr .......... 3.0 amp R-F POWER AMPLIFIER—CLASS C—PLATE MODULATION
25 MAXIMUM RATINGS 1000 ”

714 D-C Plate Voltage .. ... ... i iimiiananns voltsL DIRECT INTERELECTRODE CAPACITANCES D-C Plate Current ... ...l llIIUIIIIN 100 maUU "’f‘{ Grid Pl 10 f D-C Grid Current ... ..ttt 35 ma
- rid to Plate .............. AR Plate Dissipation . ... ....o.oiruan et 30 watisInput ... e 7 uuf

Qutput ...t 2 uuf
D-C Plate Voltage £l‘(())OO vo::s
D-C Grid Voltage — volts

A-F POWER AMPLIFIER—CLASS B—TWO TUBES D.C Plate Curront 100 ma
O-C Grid Current 28 ma

MAXIMUM RATINGS Peak R-F Input Voltage ............. ... ... oooinnuy ;450 volts
D-C Plate VOItABE . ..ovoo e 1250 volts R-F Driving Power ......... ... ... .. ... ... oounuen . watts
D-C Plate Current (per tube} 115 ma Carrier Power Output ... .. ..... ...l 70 watts
Plate Dissipation tper tube) 40 watts A-F Modulating Power ... ... ...... ... .. ... .. 0.0 50 watts

{Averaged over 1 cycle) Tt Peak Power Qutput ......... ... ... .. . .. .ciiiiiaian 280 watts

OPERATING NOTES
TYPICAL OPERATION FREQUENCY RANGE

D-C Plate Voltage 1000 1250 volts The RK-31 may be operated at the maximum ratings at frequencies up_ to
D-C Grid Voltage o] volts 30 megacycles. Above 30 megacycles the reduced efficiency realized requires
O-C Plate Current (no signal) 25 35 ma that the plate voltage be lowered to prevent the plate dissipation from exceed-
g»g EIateCCurrenr tmax, signal) ........... 230 220 ma ing the maximum rated value.

- rid Current (max. signat) ............ 65 76 ma
Peak A-F input Voltage lgrid to grid} ...... 141 141 volts PLATE TEMPERATURE .
A-F Driving Power . ......... ... ... ...... 3.7 4.4 watts The plate of the RK-31 will show a light cherry red color (See Plate Tem-
Load Resistance (piate to platey . ........... 11000 18000 ohms perature Color Scale) when operated at the maximum rated plate dissipation.
Power Output . ..........ccviunnninennn. 160 190 watts Dissipations above the rated value should be avoided.

200 1=
S RAVERAGE PLATE CHARACTERISTICS "3:\. AVERAGE CHARACTERISTICS i‘e’;

0 ,,,?Y ! Ep=15Y AC - 200 | A~-F POWER HFPLIF/EP—CI.HSS]B-TWO 7I'UBE.T l,}
5 =y .ey B:F py160 L — /75E Eg=15YRC \:\QUUW T

/ 30— g £p=1250YDC |
| ] ] E =0et — 5 oV |/ 75! 1508 300 Ep.p =100 RMS GRID O GRID

120 P ] g |
/ L—T —— 253 0 e |& 20" e 9 S— N/00? '/ /’}__ E . | bcriare CURRENT

~IS / |1 e Lo 00 200 % R~ t i T
50 l&l ( ,1 | e - : 'E T BATE DizsipATION [

% / /_/ ‘«\0‘ // 75§ 50 E é
60 [wlf L—T ] ; —— - opeRaTING |_— ¥
w3l L sl L 03 mg 0

a = ] | ONIC Led &o L o by < HARM N
s 1 ] 2o 58 28 25 58
S — , ey =TT, e :"1 =5 & N | 5ru HARMONIC g

$ T T T

7 9 200 400 600 800 1000 1200 1400 1600 800 2000 ¢ o wou 2. 13 K45 A R A 4
D-C PLATE YOLTAGE - VOLTS PLATE TO PLATE - LOAD RESISTANCE - KILOHMS

720 225
AVERAGE CHARACTERISTICS I RVERAGE CHARACTERISTICS /
R-F POWER AMPLIFIER-CLASS C 200 A-F POWER ARMPLIFIER-CLASS B /z
Ep=2.5YAC A TWo TUBESoo Epe1250Y0C L1 | 5 Er=T5YAC /

--80V. P

Femmoomee ot /,/ £p=1250Y 0C Y | dperaninG« W | £.,=0 / POINT& & 07-“%;@‘“ } o o £, = 18000 PLATE T0PLATE V4
N Q Q N£¢ & | 5 I

TR 9 q | 125 250% Nw23$ / \ ”5;2 n E Q’Q ; | i
Ly < = g ¢ PSS
z3y < N 003 200% & ¢ Y
gRz & €» i : T3 AP &€33 pars o ¥ 5 g /4 ] §203385 € Vi i ! o ¥ %R sy ] 5o L - R sy Ni ol / 3 | s N - PY / ® OPERATING /'I o 3 & &
Tow POINT | z 0% 1002 ) | 1o eNN L~ L | 3 ¢ Pu - PRt )E YZDZNILS—- N /z /,1 15 & g < / CURRE“ MflgM =
I 7 > | N 58 5 & 4 pC GRLET0 5§

‘ :4%/ l < l : ‘/ — ] 5m|Hfll?N'0mc g0 | 0 0 o —————— o
[4 25 50 75 00 125 /50 JI5 200 225 250 275 300 325 o 0 20 30 20 50 60 ) 80 9 100 120

D-C GRID CURRENT~MA. R-F GRIDTO GRID VOLTRGE ~VOLTS RMS

Rev. April 6, 1938

44
CS-1060

RAYTHEON ENGINEERING SERVICE



RAYTHEON AMATEUR TUBES RK-32

TRIODE SAVONET R-F POWER AMPLIFIER—CLASS C—TELEPHONY
1POWER AMPLIFIER MAXIMUM RATINGS

OSCILLATOR o Piate
The RK-32 is a triode type power Modulation Modulation

amplifier tube having a thoriatedtungsten filament, a fantalum plate D-C Plate Voltage S 1250 1000 volts
and grid, a hard glass bulb and an D-C Plate Current (Carrier} . ............... 100 100 ma
isolantite base. It is designed for D-C Grid Current (Carrier} ................ 25 25 ma
grse1raesquae";zc;w;rufici'gfilelrf‘ber, oscillator Plate Dissipation {Carrier} ................ 50 32 watts
AMPLIFICATION FACTOR 11 B0TTOMVIEW OF SOCKET
FILAMENT RATING TYPICAL OPERATION

Filament Voltage .......... 7.5 volts D-C Plate Voltage . ...................... 1250 1000 volts
Filament Current ........... 3.25 amp D-C Grid VOlage ........cvovuuineunennnn. —200 —310 volts

DIRECT INTERELECTRODE CAPACITANCES D-C Piate Current . ... ... ..., 60 100 ma
Grid to Plate .. . 3.4 upf D-C Grid Current ... .. ..o 1.2 21 ma
input ....... 2.5 upf Peak R-F Input Voltage .................. 235 415 volts
Output ...... 0.7 npf R-F Driving POWer .............ccoieonnnn 5 % 8.7 watts

R-F POWER AMPLIFIER—CLASS C—TELECRAPHY Carrier Power Output . ................... 25 70 watts
MAXIMUM RATINGS Peak A-F Modulating Voltage ............. 100%* 1000* volts

D-C Plate VOItage . ...cvvvr et iiiine e iannnannnas 1250 volts A-F Modulating Power ................... 2.1 = 50 watts
D-C Plate Current . .........ciiiiiiiiiiiiiiienes 100 ma Peak Power OUIPUt ..o iv s e e, 100% 280 # watts
D-C Grid Current ... ... .. it i 25 ma . .
Plate Dissipation ......... ..ot 50 watts *At the peak of the a-f cycle with 1009, modulation.

TYPICAL OPERATION
D-C Plate Voltage ........ .ot iiiinicinnnneenn g;o vons
D-C Grid Voltage . ..........ciiiiiiiiiiiiianeanns .o voltsD-C Plate Current’ 1111111111 100 ma OPERATING NOTES
D-C Grid Current ... .. .. i i e e . ma
Peak R-F Input Voltage ... ......... ... i 380 volts FREQUENCY RANGE
R-F Driving Power ... .. ... ...ttt 4.8 watts The RK-32 may be operated at the maximum ratings at frequencies up to
Power Output . ... ... ... . e 90 watts IhSO mhegaclycles. ‘Above 150 megacycles the reduced efficiency realized requires

that the plate voitage be reduced to prevent the plate dissipation from exceed-
R-F POWER AMPLIFIER—CLASS B—TELEPHONY ing the maximum rated value, The operation of the tube at frequencies higher

MAXiIMUM RATINGS than 300 megacycies is not recommended.
D-C Plate Voltage ... ... iiiiit i iraenens 1250 volts
D-C Plate Current ... ... .. it veea 66 ma BIAS
Plate Dissipation . ....... .. iiiiirintrinonnenanonnns 50 watts

At least 90 volts of fixed bias should be used with 1250 volts on the plate
D-C Plate VOItBEE . oottt ettt ia e 1250 volts to protect the tube in case of failure of the bias or excitation. Additional bias
D-C Grid Voltage .............. —120 volts may be obtained by the use of a grid or cathode resistor,
D-C Plate Current ............. 380 r;1a
Peak R-F Input Voltage = volts
R-F Driving Power ..........ootiiieiiininivinirenn . 25% watts PLATE TEMPERATURE
Carrier Power Output . 21 watts The plate of the RK-32 will show an orange color (See Plate Temperature
Peak Power Output . ..................cc.... e 84 watts Color Scale) when operated at the maximum rated plate dissipation. Dissipa-
=At the peak of the a-f cycle with 1009, modulation. tions above the rated value should be avoided,
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RK-33
[ )

Heater Voltage
Heater Current

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-
plitier or oscillator while the other
triode is operated as a low power
oscillator, resistance coupled ampli-
fier or detector.

HEATER RATING

RAYTHEON AMATEUR TUBES

BOTTOM VIEW OF SOCKET

6.3 volts
0.6 amp

DIRECT INTERELECTRODE CAPACITANCES
Left Triode Right Triode

RK-33

R-F POWER AMPLIFIER—CLASS C—TELEGRAPHY—ONE TRIODE
MAXIMUM RATINGCS

D-C Plate Voltage . 250 volts
D-C Plate Current . 20 ma
D-C Grid Current 6 ma
Plate Dissipation 25 watts

D-C Plate Voltage 250 volts
D-C Crid 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 . ... .. .. .. e 3.5 watts

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.

BIASCridtoPlate . ......... ... . .. ... . ... 3 2 nuf
OPUt e 3 2 npf At least 15 volts of fixed bias should be used with 250 volts on the plate
OUtpU .. 2.5 2.5 i to protect the tube in case of failure of the bias or excitation,

PLATE TEMPERATURE
A-F AMPLIFIER—CLASS A—ONE TRIODE The plate of the RK-33 will not show color when operated at the maximum

MAXIMUM RATINGCS rated piate dissipation. Dissipations above the rated value should be avoided.

D-C Piate Voltage . ........... .. .. ... ... ... ..... 250 volts
Plate Dissipation . .............. ... ... ... .. 25 watts

TYPICAL OPERATION
D-C Plate Voltage ........ ... ... ... ... ... ... 250 volts
D-C Grid Voltage . ........ .. ... . .. .. . i iiiuiinaa.. —16.5 volts
D-C Plate Current ... .. ... ... . e 8 ma
Amplification Factor .............. ... . ... 0., 10.5
Plate Resistance ...................0iuiinniinnann. 8750 ohms
Transconductance . ... ... ... ... i .vit ittt 1200 umhos
Load Resistance . ..........c.ciiiuiiennnunuannnnns 20000 ohms
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RAYTHEON AMATEUR TUBESRK-34 RK-34

iy
3 R

TWIN TRIODE A-F POWER AMPLIFIER—CLASS B
ATINN POWER AMPLIFIER D-C Plate Voltage ........ MAXIMUM RATINGS . 300 volts

N Peak Plate Current (both triodes) ................... 125 ma-Hu OSCILLATOR Plate Dissipation (both triodes) ..................... 10 watts
'\:ps The RK.34 i heater t twi {Averaged over 1 cycle)

e - s a eater type twin
o pAT0R . . o . TYPICAL OPERATION

o kY ;:ogg‘ae‘c;x:rbzgphlf;eirs é‘éls)iegnzic’iwfrc‘)% BOTTOM YIEW OF SOCKET D-C Plate Voltage ....................... 18 300 volts
‘, use as a power amplifier, oscillator D-C Grid Voltage ..... P —6 —15 volts
o nel D-C Plate Current (no signal) ............. 30 30 ma

B ) or frequency multipiier. D-C Plate Current (max. signal) 70 30 ma
N D-C C,er\id;: (lZurrentV(Imax. signal) 16 12 ma

) Peak A-F Input Voltage (grid to grid) ....... 100 100 volts
i HEATER RATING A-F Driving Power ... L 0.7 05 watts

. d Resistance Iplate to plate) ........... 6000 10000 ohmsi Heater Voltage .......... 6.3 volts 03UDUUU__-_J. Heater Current . .. ..o.o.. 0.8 amp Power Output . ... ... ... ... .c0vu.... 7.8 13 watts
A-F POWER AMPLIFIER—CLASS A

DIRECT INTERELECTRODE CAPACITANCES—EACH TRIODE {Two Triodes Connected in Paralle!)
. MAXIMUM RATINGS

Grid fo Plate . ooovenreiriree 27 hut D-C Plate Voltage ...l 300 volts
----------------------------------- . t issi i[0 1YL= 1 P 0.8 upt ate Dissipation 10 watts

D-C Plate Voltage ........ ... iiiiiinnnni. .. 300 volts
H-PULL D-C Grid Voltage ....... ... .. iiiiiiiiannaan, —16 volts

R-F POWER AMPLIFIER OR OSCILLATOR——PUSH- " D-C Plate Current ... ... ... .. . it iiiinennannnn. 25 ma
Amplification Factor 13CLASS € Plate Resistance .......... 2950 ohms

MAXIMUM RATINGS Igaagscgggl;f;zg;e ------------ ‘53388 ugmhf:gz
D-C Pllateeloltage(b..fi..l.d...) ..................... 380 volts Power Output ..... .. . ' . ';.;'rriceiieiiitile 0.8 watts
D-C Plate Current (both triodes) .................... ma
Plate Dissipation (both triodes) . ...........c.c.uenn.. 10 watts OPERATING NOTES

(Averaged over 1 cycle) 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
TYPICAL OPERATION ?hattg‘he plate voltagte (;Je I?wered to prevent the plate dissipation from exceed-

D-C Plate VOItaBe .. ittt ie it it i tee i iinoanaanans 300 volts '8 the maximum rated value.D-C Grid Voltagg ................................. —36 volts BIAS . ) )
D-C Plate CUIFent . ... oo vee e e e 80 ma At least 15 volts of fixed bias should be used with 300 voits on the plate
D-C Grid CUMeNt oo v e e e ee et et e ieen e R 20 ma to protect the tube in case of failure of the bias or excitation.
Peak R-F Input Voltage f(grid to grid) ............... 196 volits PLATE TEMPERATURE
R-F Driving Power . ...... .o, 1.8 watts The plates of the RK-34 will not show color when operated at the maximum
Power OUtpUt . .. h ittt i i et it i i 16 watts rated plate dissipation. Dissipations above the rated value shouild be avoided.
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RAYTHEON AMATEUR TUBES RK-35

TRIODE R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINCS

POWER AMPLIFIER D-C Plate Voltage ......... ;CSJOO volts
D-C Plate Current (Carrier) . ma

OSCILLATOR Plate Dissipation {(Carrier) 50 watts
The RK-35 is a triode type power TYPICAL OPERATION

amplifier tube having a tantalum D-C Plate Voltage . ............vounnn volts
plate and grid and an isolantite D-C Grid Voltage ........ ... .o volts
base. it is designed for use as a D-C Plate Current ... ... nnnn ma
power amplifier, oscillator or fre- D-C Grid Current . ... .. it iiiieennanensen 0 ma
quency multiplier, BOTTOM YIEW OF SOCKET Peak R-F Input Voltage volts

1’,“ R-F Driving Power . .......iviirereraneinnnenaenns h watts
Samml Carrier Power Output watts
hiea shse l- AMPLIFICATION FACTOR o9 Peak Power OQutput ........... ..t iiiiievennnennn k watts

UU S R-F POWER AMPLIFIER—CLASS C—TELEPHONY
—1 FILAMENT RATING MAXIMUM RATINGS Gria prat

T ate

Filament Voltage ........ 1.5 volts Modulation Modulation

Filament Current ........ 4 amp D-C Plate VOItaBE .. ....ovveennenneennen. 1500 1250 volts
D-C Pilate Current (Carrier) ..........c0... 50 125 ma
Plate Dissipation (Carrier} ................ 50 66 watts

DIRECT INTERELECTRODE CAP NCES¢ CTRODE CAPACITANC TYPICAL OPERATION Mo o Mo,
Crid to Plate ............ 2.7 uuf edulation Modu'attonVADUL v vev e 35 uuf D-C Plate Voltage ....................0ue 1500 1250 volts
OUtPUL wveeiee o 04 uuf D-C Grid Voltage ...........c.oovennennn —250 —250 volts

""""""""""""""""" ' D-C Plate Current . .......ccovivninrnn.n 50 100 ma
D-C Crid Current ... ..ottt irinnerenns 0 14 ma
Peak R-F Input Voltage .................. %3701 3665 volts
R-F Driving Power ..............cc00eiun. 7 . watts

R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C— Carrier Power Output .............o0unenns 25 93 watts
TELECRAPHY Peak A-F Modulating Voltage .............. 100%# 1250% volts

A-F Modulating Power ................... 0.3 = 63 watts
Peak Power Output ............co0nuvuunn 1003 372 % watts

MAXIMUM RATINCS ¥At the peak of the a-f cycle with 1009 modulation.
D-C Plate Voltage ............civiivirnirrinnnnenn 1500 voltsD-C Plate Current . ... ... ...t iiiiiiiiiernraens 125 ma CPERATING NOTES
D-C Grid CUIrent .. .....oiiuiiiineinenninnennnnnn, 20 ma FREQUENCY RANGE . . .
Plate Dissipation . .........u' it aiannns 50 watts 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

TYPICAL OPERATION megacycles the maximum d-c plate voltage should not exceed 750 volts,
BIAS

D-C Plate Voltage .........ccvenunenuneeunnnnnenens 1500 volts At least 170 volts of fixed bias should be used with 1500 volits on the plate
D-C Grid VOItABE vt iie e iee e iia e eeaannnns —250 volts to protect the tube in case of failure of the bias or excitation. The fixed bias
D-C Plate CUrent . ......cioniiieiiiiiannnnanennnns 115 ma may be reduced at lower plate voltages.
D-C Grid Current ... iiiiiiae i 15 ma PLATE TEMPERATURE
Peak R-F Ingut Voltage . ..... ... ... iiiiiiiiinn 375 volts The plate of the RK-35 will show a light yellowish red color {See Plate Tem-
R-F Driving Power ....... ... . .. . ittt 5 watts perature Color Scale) when operated at the maximum rated plate dissipation.
Power Outpul . ... .. ...ttt it itirananaans 120 watts Dissipations above the rated value should be avoided.
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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 ........ 5.0
Filament Current ........ 8.0

volits
amp

RAYTHEON AMATEUR TUBES

SIDE CAP ‘ BAYONET

BOTTOM VIEW OF SOCKET

7|$awal .. || DIRECT INTERELECTRODE CAPACITANCES
BAYONET GCrid to Plate uuf

—t} tnput 4.5 puf
__fi‘ Output 1.0 puf

R- F POWER AMPLIFIER OR OSCH.LATOR—CLASS c—
TELEGRAPHY

MAXIMUM RATINGS
D-C Plate Voltage . ........ ... . it iiinnnenns 3000 volts
D-C Plate Current ... ... . ittt inannanens 165 ma
D-C Grid Current . ... . ittt iianaaas 35 ma
Plate Dissipation . .......iiiiiiie it 100 watts

TYPICAL OPERATION
D-C Plate Voltage .........c.ciiiiiiinineninninnne 2000 volts
D-C Grid VOMage ..ottt iinnnnnns —360 volts
D-C Plate Current . ... ... it i 150 ma
D-C Grid Current . ... 0t annns . 30 ma
Peak R-F Input Voltage .................. ..ot 560 voits
R-F Driving Power ... ... . . . .. it iiiiinronnnnnnns 15 watts
Power OutpUt ... . ... ittt i i 200 watts

R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINGS

D-C Plate Voltage ........c.vuiiniiiineunnnnneenns 3000 volts
D-C Plate Current {(Carrier) ............c.covvvenu..n. 100 ma
Plate Dissipation (Carrier) . ......... .ot iiiiiirnnnn 100 watts

TYPICAL OPERATION
D-C Plate VOltage ... vttt ieivineressnonnnans 2000 volts
D-C Grid Voltage .......ooiiiiiiiiriineniannnnsnas -—180 volts
D-C Plate Current ...t itiiiiiinenennann 75 ma
D-C Grid Current . . ... .. i i 3 ma
Peak R-F Input Voltage ........covriinuenneinannnns 420* volts
R-F Driving POWer ... ... uctuttrininnnrennennnnas . 10 * watts
Carrier Power Qutput . ... .. ... ... .t iiiiniininnnns 50 watts
Peak Power QuUIpUt . ... ...ttt i 200% watts
#At the peak of the a-f cycle with 10025 modulation.
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R-F POWER AMPLIFIER—CLASS C—TELEPHONY
MAXIMUM RATINGS

Qrid Plate
Modulation Modulation

D-C Plate Voltage ............ccciuvuno.. 3000 2000
D-C Plate Current (Carrier) ............... 100 165
D-C Grid Current (Carrier) ............... S 35
Plate Dissipation (Carrier) ................ 100 100

Grid Plate
TYPICAL OPERATION Modulation Modulation
D-C Plate Voltage ..........c.ciiiveennn. 2000 2000
D-C Grid Voltage . ...t —2170 - 360
D-C Plate Current ........ e 72 150
D-C Grid Current . ... .. ... .. iininnnnnan i 30
Peak R-F Input Voltage ............. 315 560
R-F Driving Power ......... 35% 15
Carrier Power Output ... 42 200
Peak A-F Modulating Voltage 110% 2000*
A-F Modulating Power . ................... T 150
Peak Power Output ...................... 168%* 800 *

A-F POWER AMPLIFIER—CLASS A
MAXIMUM RATINGS

D-C Plate Voltage . .........ccieniii i ininnnnnnn. 1500
D-C Plate Current ... ... . . . i 165
Plate Dissipation . ...........c.cctiiiinnenniinnnnn 100

D-C Plate Voltage . ........civiiiiniiiiiininannnn. 1500
D-C Grid Voltage ..............covineonn. —717.5
D-C Plate Current 67
Amplification Factor 14
Plate Resistance 5600
Transconductance 2500
Load Resistance 10000
Power Output . ... ... . . .. . . .. . 2]
At the peak of the a-f cycle with 1009 modulation.

OPERATING NOTES
FREQUENCY RANGE

RK-36

volts
ms

ma

watts

volts
volts

ma

ma

volts
watts
watts
volts

watts
watts

volts
ma

watte

volts
volts

ma

ohms
pmhos

ohms
wvatts

The construction of the RK-36 allows efficient operation at frequen(u’s up
to 60 megacycles. Above 60 megacycles reduced efficiency requiresplate voltage be reduced to prevent the plate dissipation rr
maximum rated value.
BIAS

At least 150 volts of fixed bias should be used with 2000 volts on
to protect the tube in case of failure of the bias or excitation.
PLATE TEMPERATURE

that the
om exceeding the

the plate

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.
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RAYTHEON AMATEUR TUBES RK-37

TRIODE BAYONET| R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINGS

POWER AMPLIFIER D-C P‘iate (\:/oltage Carmiasy T 1500 volts
D-C Plate Current (Carrier) ..... ..........c.couuun. 50 maOSCILLATOR Plate Dissipation (Carriet) . .......cu.eivirnrennnnnn 50 watts

The RK-37 is a high-mu triode
type power amplifier tube having a TYPICAL OPERATION
thoriated tungsten filament, a tan- D-C Plate Voltage ...............ooiiiiiiiinnn.... 1500 volts
talum plate and grid, a ha'rd g!;ss D—g G;id Vgltage ................................. —58 volts
bulb and an isolantite base. It is de- D-C Plate Current ... ... ... . .. .. ... b ma
signed for use as a power amplifier, BOTTOM VIEW 0F S0CKET Peak R-F Input Voltage .. 120% volts
oscillator or frequency multiplier. R-F Driving Power ...... 24¢% watts

Carrier Power OQutput 26 watfs
Peak Power Output .............. ... ..., 104> wattsFILAMENT RATING F

Filament Voltage ........ 7.5 volts A-F POWER AMPLIFIER—CLASS B—TWO TUBES
Filament Current ........ 4 amp MAXIMUM RATINGS

D-C Plate Voltage ...........c.uiuiiiininnninnennn 1500 volts
DIRECT INTERELECTRODE CAPACITANCES D-C Plate Current (per tube) 125 ma

. 32 f Plate Dissipation (per tube) 50 watts
fi:gil"to Plate . ... ... e 32 ':,‘:f {Averaged over | cycle)

OUL DU e e e 0.2 nuf TYPICAL OPERATION

D-C Plate Voltage ..................coiiiiinnn.n. 1250 volts
R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C D-C Grid Voltage ................ ... ... i, —35 volts

D-C Plate Current (no signal) ... .........c.ccuuunnn.. 25 ma
MAXIMUM RATINGS D-C Plate Current (max. signal) . ................... 235 ma

-C Pl Voitage—Tel Y o 1500 volts D-C Grid Current (max. signal) . ...........c..ccuun.. 60 ma8 g gl::z vgnzgi—TZl‘égfi:\yy Peak A-F Input Voltage (grid to grid) . 282 volts
With Grid Modulation . ............. ... ....... 1500 volts A-F Driving Power . ... ... .. ..., .. 7.2 watts
With Plate Modulation ........................ 1250 volts Load Resistance (plate to plate) 18000 ohms

D-C Plate Current ... ... 125 ma Power Output . ... ... ... .. ... .. . i, 200 watts
D-CGrid Current .. ... ... ... i 35 ma “At the peak of the a-f cycle with 1009, modulation,
Plate Dissipation . ... ... ... ... ...t 50 watts

OPERATING NOTES
Telephony Telephony Telegraphy FREQUENCY RANGE

TYPICAL OPERATION uofurl':m“ Mo:::::ion 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

D-C Plate Voltage . ... ......... 1500 1250 1500 volts maximum d-c plate voltage should not exceed 1000 volts. Above 120 mega-
D-C Grid Voltage ............... --200 —-150 —130 volits cycles, the maximum d-c plate voltage should not exceed 750 volts.
D-C Plate Current . .. ........... 44 100 115 ma
D-C Grid Current ............... 5 23 30 ma BIAS
Peak R-F input Voltage ......... 260 270 260 volts At least 35 volts of fixed bias should be used with 1500 voits on the plate
R-F Driving Power . ............ 6 = 5.6 watts to protect the tube in case of failure of the bias or excitation. The fixed bias
Carrier Power Output . ........... 26 90 122 watts may be reduced at lower plate voltages.
Peak A-F Voit.—Plate ........... — 1250% — volts
Peak A-F Volt.—Grid ........... ?q‘: 5 — volts PLATE TEMPERATURE
A-F Modulating Power .......... - . d watts The plate of the RK-37 will show a light yellowish red color (See Plate Tem-
Peak Power Output ............. 104 360 * — watts perature Color Scale) when operated at the maximum rated plate dissipation.
%At the peak of the a-f cycle with 10005 modulation, Dissipations above the rated value should be avoided.
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RK_38 RAYTHEON AMATEUR TUBES RK-38

et R-F POWER AMPLIFIER—CLASS B—TELEPHONYA TRIODE soecon_ e ° VAR
B POWER AMPL'FIER D-C Plate Voltage Camviary T ?%0 volts

D-C Plate Current (Carrier} . ..........cviiinvnnns maOSCILLATOR Plate Dissipation (Carrier) ... .. ... ... ..., 100 watts
. The RK-38 is a high-mu triode
Ye type power amplifier tube having a TYPICAL OPERATION
" thoriated tungsten filament, a tan- D-C Plate Voltage .............ccoiiiiiiiieiien 2000 volts

[ve talum pilate and grid, a hard glass D-C Grid VOage . . oottt i ie e e i -—100 volts
» 'TM bulb and an isolanfite base. It is de- D-C Plate Current ............ ..o iiiiiiieaaaan, 75 ma
e signed for use as a power amplifier D-C Grid Current .. ... ...ttt i 2 " ms
2 ) oscillator, or frequency multiplier. BOTTOM VIEW OF SOCKET Peak R-F Input Voltage ..............ccooviuiinonn. 300 volts

l_ 43,1'00,”,(_ e é-F Drngng nger ................................ ;5 i watts
/ ) © arrier Power Output . ...... . ... . . i wattsj*. FILAMENT RATING Peak Power Qutput . ... .........c..0iiinrennnennnns 220% watts

i - Filament Voitage ........ . 5 volts

3'11[ Filament Current ... o 8 2P R-F POWER AMPLIFIER—CLASS C—TELEPHONY
SoLANTITE DIRECT INTERELECTRODE CAPACITANCES MAXIMUM RATINGS

P i 4, f Grid Plateey T . fi,:;,% toA?l.af.e‘ T 4,2 “:‘;f Modulation Modulation
U1 N4 Output e 0.9 Huf D-C Plate VOItaRE . .......oovueeniinen.. 3000 2000 volts

— b D-C Plate Current (Carrier) ............... 100 165 ma
A-F POWER AMPLIFIER—CLASS B—TWO TUBES D-C Grid Current (Carrier) ................ 5 “180 ma

MAXIMUM RATINGS Plate Dissipation (Carrier) ................ 100 watts

D-C Plate VOItABE . ... ..ot iinnocanans 3000 volts Grld Plate
D-C Plate Current {per tube) 165 ma TYPICAL OPERATION Modulation Modulsation
Plate Dissipation {per tube) 100 watts D-C Plate Voltage 2000 2000 volts

(Averaged over 1 cycle) D-C Grid Voltage ... ..... ... 0000000000 —is0 —200 volts
TYPICAL OPERATION D-C Plate Current . ...................... 80 160 ma

D-C Plate Voltage .........ociviiiiinnnrvrrinannn 2000 volts D-C Grid CUureent .. ..o im i 2 30 ma
D-C Grid Voltage . ......c.iiniiiiiiinntnienennnn . =52 volts Peak R-F Input Voltage 220 375 volts
D-C Plate Current {no signal) .............. . v 36 ma R-F Driving Power . ... 5.5#% 10 watts
D-C Plate Current (max. signal) .................... 265 ma Carrier Power Output . ..... 60 225 watts
D-C Grid Current {(max. signal) . ..... ... ... vnvevns 39 ma Peak A-F Modulating Voltage 100* 2000* volts
Peak A-F Grid Voltage (grid to grid) . .......conevnn.. 357 volts A-F Modulating Power ..... | 150 watts
A-F Driving Power ............... 5.8 watts Peak Power Output ..................c.... 240 900 * watts
Load Resistance (plate to plate) 16000 ohms =At the peak of the a-f cycle with 1009 modulation.
Power Output ..... ... .. ... ..o cenuann PN 330 watts

R-F POWER AMPLIFIER—CLASS C—TELEGRAPHY OPERATING NOTES
MAXIMUM RATINGS FREQUENCY RANGE . . i

D-C Plate Voltage . . .........couureirinnnennnnnnnns 3000 volts The construction of the RK-38 allows efficient operation at frequencies up
D-C Plate CUMENnt ..o et e e e 165 ma to 60 megacycles. Above 60 megacycles reduced effltlenc}' requires that the
D-C Grid CUFE@Nt o v oo e e e e e . 40 ma plate voltage be reduced to prevent the plate dissipation from exceeding the
Plate Dissipation ..............0iuiiiiitieiniines 100 watts maximum rated value.

TYPICAL OPERATION BIAS
D-C Plate Voltage ............ .. ..., 2000 volts At least 60 volts of fixed bias should be used with 2000 volts on the plate
g-g %l"l? Vgltage' ................................. ~%28 volts to protect the tube in case of failure of the bias or excitation.

- ate Current ... .. ... .. e ma
D-C Grid Current .. ... .. .. ...t iniinnnnennnn 30 ma PLATE TEMPERATURE
Peak R-F Input Voltage ............................ 375 volts The plate of the RK-38 will show a light yellowish red color (See Plate Tem-
R-F Driving Power ... ...... ...t iiininnnnennnnnnn 10 watts perature Color Scale} when operated at the maximum rated plate dissipation.
Power Output .. ... ... . it i it i i e, 225 watts Dissipations above the rated value should be avoided.

223 225
RAVERAGE PLATE CHARRAC T[P/ST/C.S\ ‘Fq’g AVERAGE CHRRACTERISTICS AVE.CHARACTERISTICS e_
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RK_39 RAYTHEON AMATEUR TUBES RK_39

RK-41 TETRODE R-F POWER AMPLIFIER—CLASS B—TELEPHONY RK-41
POWER AMPLIFIER MAXIMUM RATINGSD-C Plate Voltage .........ccvuuvunn e 600 volts

%t OSCILLATOR D-C Screen Voltage . ...........vvuinvrnrnenieennns 300 volts
I The RK-39 and RK-41 are heater D-C Plate Current (Carrier) . .......ccoovvivinieina.. 63 ma

type aligned grid beam power am- Plate Dissipation (Carrier) ...............c.coovvinnns 25 watts
plifier tubes having isolantite bases. Screen Dissipation (Carrier} .......... . .00, 35 watts
The use of aligned grids reduces the TYPICAL OPERATION
ratio of screen current fo plate cur- D-C Plate VOItage ....vovnnreeannanenanenuninans 600 volts
rent and allows more efficient util- D-C Screen VOItage . ..........ueivnnnnenernrannnes 250 volts
ization of the total space current. D-C Grid Voltage 25 volts

o) The deflector plates in the RK-39 D-C Plate Current ................ 0 .. llll000000 63 ma
:}‘ ?gdthiK;:t'h;ég connected internally D—E écreeg Current . ........... fion 3 ma
H - D rid Current (at 1009% modulation) ............. maz'/ o8 . ® HEATER RATING BOTTOM VIEW OF SOCKET Peak R-F Input Voltage % 50 % volts

MAX Y RK-39 RK-41 R-F Driving Power ..... 04 * watts
s Heater Voit, 6.3 2.5 volts Carrier Power Output 12.5% watts
LS Heater Cur. 09 2.4 Peak Power Output ............... ... ... uenn 50 watts
N DIRECT INTERELECTRODE CAPAClTANCES #At the peak of the a-f cycle with 1009 modulation.

ISOLANTITE Crid to Plate .............. puf
5 PROND Input ... e 13 ‘mf OPERATING NOTES

MR BRSE Output ... i FREQUENCY RANGE
R-F POWER AMP. OR OSC. __CLASS C The RK-39 and RK-4! may be operated at the maximum ratings at fre-

. quencies up to 60 megacycles. Above 60 megacycles the reduced efficiencyx| MAXIMUM RATINGS1 D-C Plate Volt.—Telegraphy 600 volts realized requires that the plate voltage be lowered to a maximum of 300 volts
o D-C Plate Volt.—Telephony to prevent the plate dissipation from exceeding the maximum rated value. The

With Control Grid Modulation .. ......oeeeenn.. 600 volts operation of the tubes at frequencies higher than 120 megacycles is not rec-
With Plate or Plate & Screen Modulation. .. .. ... 475 volts ~ ommended.

D-C Screen Voltage . ....... ... .0t uanininnns 300 volts EXCITATION
D-CPlate Current ... .. ... . ... i innnnns 100 ma The Class C amplifier characteristic curves show the power output, plate cur-
D-C Control Grid Current 5 ma rent and screen current plotted vs, excitation as denoted by the d-c control grid
Plate Dissipation . 25 watts current in milliamperes. The power output flattens off around 3 or 4 ma. of
Screen Dissipation ... ...... .. ... i 3.5 watts grid current with very little gained above these values. The screen dissipation

TYPICAL OPERATION increases with excitation and for this reason the excitation should be kept at
Telephony Telephony Telephony Telegraphy a reasonable value.

Control Plate Plate & SHIELDING
Grid Only Screen Shielding of the grid input tuning system from the plate tuning apparatus is

Modulation Modulation Modutation desirable and will provide improved stability. [f a shield is applied to the RK-
D-C Plate Volt 500 600 400 475 400 475 500 600 volts 39 or RK-41 it should enclose the basc and extend to the lower internal shield
D-C Screen Volt, 250 300 200 200 250 250 250 300 volts and should clear the glass bulb by at least 1/16”.
D-C Con.Cd.Vit. - 50 —70 --45 —45 -50 ~50 —60—90 volts pgiag

8_g ggféfigéfifi::fl (350 go ?g 5 ?; 5 25 gs ?g ?g fi: At least 25 volts of fixed bias should be used with 600 volts on the plate
D-C Con.GridCur. 0.6 0.2 4.0 4.0 25 25 3 3 ma to protect the tube in case of failure of the bias or excitation. Additional bias
Screen Resistor iy by 114001 15700 19000 25000f — — ohms may be obtained by the use of a grid or cathode resistor.
Peak R-F Input VIt. 60 78 10 70 75 75 84 117 volts CRYSTAL OSCILLATOR .
R-FDrivingPower 0.5 *0.54% (.25 0.25 0.2 0.2 0.25 0.38watts When the RK-39 or RK-41 is used as a crystal controlled oscillator, a 10000
Carrier Pr.Outout 10 12 17 21 25 26 35 6 watts ohm grid leak and a 400 ohm cathode resistor are recommended. At the fower
Peak A-F Vit. Plate — — 400% 475% 400% 475% — _—— vyolts frequencies, it may be necessary to increase the grid to plate capacitance in
Peak A-FVIt..Crid 25 %25 % — — 250% 250% — — volts order to start the oscillator. An additional capacitance of 2 uuf. should be suffi-
A-F Mod. Power 0.28%017%12 16 21 20 — — watts cient. Larger values will cause excessive feedback and may damage the crystal.
Peak Pr. Qutput 40 *48 =68 » 84 = 100% 104* — — watts PLATE TEMPERATURE
2Af the peak of the a-f cycle with 1009, modulation. The plate of the RK-39 or RK-41 will not show color when operated at the
tConnected direct 1o the plate supply voltage and by-passed for r.f. only. maximum rated plate dissipation. Dissipations above the rated value should be
{Connected to plate end of modulation trans. and by-passed for r.f. only. avoided.
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RK-42 RK'42 RAYTHEON AMATEUR TUBES RK_43

RK-43 TRIODE TWIN TRIODE
AMPLIFIER POWER AMPLIFIER

OSCILLATOR/\ OSCILLATOR 90 60 /\ The RK-43 ci's a low fila;n’en' cu';—
. . _ rent twin triode type amplifier tube

. rer?;hfn':)'dfe—l‘tzy[;: :n!‘%‘“f:e':_an%l' l:::- - Y having an oxide coated filament. it
- ’fl-:[‘ ) ing an oxide coated filament. It is 12 e '-", is designed for use in portable equip-o designed for use in portable equip- 0 o K ment with dry cell filament supply.

-';.,., ment with dry cell filament supply. o o "';'f’ FILAMENT RATING |
R P Filament Voit, 1.5 olts

ereona | BOTTOM VIEW OF SOCKET Soeons | 7 Filament Cur. 0,12 ‘amp BOTTOM VIEWOF SOCKET
s s | | FILAMENT RATING ‘L DIRECT INTERELECTRODE CAPACITANCES
U U & Filament Voltage ........ 1.5 volts UU ]]] b —EACH TRIODE
s Filament Current ........ 0.06 amp kB Grid to Plate ... ......... uuf

Input . ..., .. i 1.9 unf
N Output ..........cvue 2.1 puf

DIRECT INTERELECTRODE CAPACITANCES A-F AMPLIFIER—CLASS A—ONE TRIODE
id to Plate ... 6 f D-C Plate Voltage . 135 max. volts?r:[l;ut o rate 3 ,‘::f 8 E (F?;|r|d Vgltage .. 3 5 voits

2.1 f - ate Current . maOutput e Amplification Factor 13
Plate Resistance ... 14500 ohms

A-F AMPLIFIER—CLASS A Transconductance .. 900 umhos

A- F POWER AMPLIFIER—CLASS BMAXIMUM RATINGCS MAXIMUM RATINGS

D-C Plate Voltage . .........c.utiiennirrinnennnaes 180 volts D-C Plate Voltage . ...... ... 0ot iinirneenaannnnas 135 volts
D-C Plate Current .. ... ... .. i 1.5 ma D-C Plate Current (Average—both triodes) ........... 15 ma

b-C PI Vol TYPICAL OPERATION 135 |
- ate Voltage . ........... ..o, volts

TYPICAL OPERATION g-c F(,Z.'rid \(/:ohage ........ [ -6 volts
_ -C Plate Current (nosignal) .. ..................... 4 ma

DG O venmes e 8% vollt DC piate Curent (max: signal) 0001111 2.5 ma
D-C Plate Current . . ... ... . i oosreerereent 39 ma D-C Grid Current (max. signal) . ...........c0vuunnnn 1 ma
Amplification Factor 8.2 Peak A-F Input Voltage (grid to grid) . ............... 24 volts
Plate Resistance . .... 10300 ohms A-F Driving POWer . ... i i iiisisiininnarenneanans 275 mw
Transconductance . ........uviiiienenitaanans 800 umhos Load Resistance (plate to plate) B AR 24000 ohms

Power Output . ..., .. . i it 0.95 watt
R-F AMPLIFIER OR OSCILLATOR—CLASS C—PUSH-PULL

MAXIMUM RATINCS
D-C Piate Voltage .. ......cvvnereriinennsanennnnn 135 volts
D-C Plate Current (Average—both triodes)............ i5 ma

TYPICAL OPERATION
D-C Plate Voltage ............iiiiieennnnnnnnnn.. 135 volts
D-C Grid Voltage .......ciiviiiiiiiiinernnnannnns —20 volts
D-C Plate Current ...... TR T 14 ma
D-C Grid Cutrent ... .0 it it iinenrnennnnenas 3 ma
Peak R-F Input Voltage (grid to grid) ............... 70 volts
R-F Driving Power . ... ... ... ..ttt rrrrennennnnnn 0.2 watts
Power Output . ... ... ...ttt ittt 1.25 watts

12
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RAYTHEON AMATEUR TUBESRK-44

M
T 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

R as a power amplifier, 9I'Sl$i“a=(°r :‘;
Ny frequency multiplier. e K-
0 may also be used in circuits employ- BOTTOM VIEW OF SICKET
& ing suppressor or control grid modu-

Y lation.

;| HEATER RATING b |
ISOLANTITE Heater Voltage .......... .6 volts
,,7:52’;? M Heater Current . ......... 0.7 amp
et DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate 0.2 uuf
Yo input ...... 16 uuf

S N Qutout ............ ... 10 uuf

R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C
MAXIMUM RATINGS

D-C Piate Voltage—Telegraphy ................¢cc... 500 volts
D-C Platc Voltage—Telephony

With Control or Suppressor Grid Modulation. ....... 500 volts
With Plate & Screen Modulation . ................ 400 volts

D-C Screen Voltage . .........c.civiiioieianevnnnn 200 volts
D-CPlate Current . ...t iarnrnnnnenanns 80 ma
D-C Control Crid Current ... .. ....iiiitrinnneennns 8 ma
Plate Dissipation . ........ ... . . it 12 watts
Screen Dissipation . ......... . . 8 watts

lephony Teleph Teleph Telegraphy
TYPICAL OPERATION Con. Grid Supp. Grid Plate & Scr.

Modulation Modulation Modulation
D-C Plate Voltage 500 500 500 400 500 500 volts
D-C Screen Voltage 200 200 180 140 200 200 volts
D-C Sup. Grid Volt. o) 440 — 65 +40 o] +40 volts
D-C Con. Grid VolIt. —45 —43 —20 —40 —~85 —75 volts
D-C Plate Current 30 30 30 45 60 60 ma
D-C Screen Current 7 6 23 20 30 15 ma
D-C Con. Grid Current 0.1 0.1 3.5 S 4 ma
Screen Resistor — — 14000t 13000 — —_ ohms
Peak R-F Input Volt. 48 44 32 60 120 100 volts
R-F Driving Power 0.2 Q.15% 0.1 0.3 0.8 0.4 watts
Carrier Power Output 5 5.5 S 1 20 22 watts
Peak A-F Volt.—Plate - — — 400% — — volts
Peak A-F Volt.—Crid 20% 18 * 65% 140% — — volts
A-FModulating Power 0.1% 0.06% 0 13 — — watts
Peak Power Output 20% 22 % 20% 44 = —_ — watts
#At the peak of the a-f cycle with 1009 modulation.
tConnected direct to plate supply voltage and by-passed for r.f. only.
tConnected to plate end of modulation trans. and by-passed for r.f. only.
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RK-44

R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINGS

D-C Plate Voltage . .........oviriiinnronnnnannans 500 volts
D-C Screen Voltage . .........cotiiinineennnnnnnann 200 volts
D-C Plate Current (Carrier) . ........ccceeiineannnn 40 ma
Plate Dissipation (Carrier} ........... . ..iieeenn... 12 watts
Screen Dissipation (Carrier) . .........ccceviinnnnnns 5 watts

TYPICAL OPERATION
D-C Plate Voltage ............ovvuevnnnn 500 500 volts
D-C Screen Voltage ..............ccovvnn. 200 200 volts
D-C Suppressor Crid Voitage ............... 0 +40 volts
D-C Control Grid Voltage ................. —25 —-25 volts
D-C Plate Current . ..............c.0.vannn 30 30 ma
D-C Screen Current .............coiinnnn 15 12 ma
Peak R-F Input Voltage 50 * 48 ¥ volts
R-F Driving Power ............... 0.2*% 0.1% watts
Carrier Power Output .......... S 5.5 watts
Peak Power Qutput ............. .coovunnnn 20« 22 % watts
#At the peak of the a-f cycle with 1009 modulation.

OPERATING NOTES
FREQUENCY RANCE

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.

SHIELDINGC

The internal shiefd 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 /16",

BIAS
At least 15 volts of fixed bias should be used with 500 voits 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 shouid be avoided.
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RK_45 HRATIHEON AMATEUR 1UBES KIK-40

PENTODE PENTODE
POWER AMPLIFIER POWER AMPLIFIER

OSCILLATOR o e OSCILLATOR
The RK-45 is a heater type pen- The RK-46 is a pentode type

tode power amplifier tube having an power amplifier tube having a thori-
1solantite base. It is designed for use ated tungsten filament, a molyb-
as a power amplifier, oscillator or denum plate, a hard glass bulb and
frequency multiplier. The RK-45 an isolantite base. It is designed
may also be used in circuits employ- for use as a power amplifier, oscil-
ing suppressor or control grid modu- lator or frequency multiptier. The
lation. RK—?G may aiso be used in ci|rcuifé

* DA 1 employing suppressor or control gri”ifi;f?v°${:;'N?z P volts BOTTOMVIEWOFSOcKeT |74 max 7 (% modulation. BOTTOM VIEW O SOCKET
Heater Current 0.45 amp ':)m FILAMENT RATING

x Filament Volt. 12.6 volitsDT, Pare - CTRODE AR ANCES g k Filament Cur.” 25 amp
Input L 10 wuuf S DIRECT INTERELECTRODE CAPACITANCES
Output ............ N 10 anf Grid to Plate ... ............ 0.} put

R-F POWER AMPLIFIER OR OSCILLATOR— Input 14 auf
CLASS C Output . ... ... ... 12 nuf

MAXIMUM RATINGS s R-F POWER AMPLIFIER OR OSCILLATOR-—
D-C Plate Voltage—Telegraphy . 500 volts MED BASE CLASS C
D-C Plate Voltage-—Telephony '*J’ MAXIMUM RATINGS

With Control or Sup. Grid UUUUH bl D-C Plate Voltage—Telegraphy 1250 voits
Modulation ........... 500 volts T D-C Plate Voltage—Telephony

With Plate & Screen Mod.. 400 volts With Control or Sup. Grid
D-C Screen Voltage .......... 250 volts Modulation ........... 1250 volts
D-C Plate Current . .......... 60 ma With Plate & Screen Mod.. 1000 volts
D-C Control Grid Current..... 10 ma D-C Screen Voltage ....... .. 300 volts
Plate Dissipation ............ 10 watts D-C Piate Current ......... 92 ma
Screen Dissipation ........... 8 watts D-C Control Grid Current ... .. 15 ma

R-F Control Grid Current ..... S amp
Tetephony Telephony Telephony Telegraphy Plate Dissipation ............ 40 watts

trol S Plate & issi iTYPICAL OPERATION c(?r‘i;o "l::l’rl’l?“" S:r:en Screen Dissipation ........... 15 watts

Modulation Modulation Modulation : Tc' : W g' hony TP; "'&: Telegraphy
D-C Plate Voltage 500 500 500 400 500 500 volts ontrol uppressor ateD-C Screen Voiloge 200 200 200 150 200 200 volts TYPICAL OPERATION grig Grld Sereen
D-C Sup. Grid Voltage 0 45 —45 0 0 445 volts Modutation Modulation Moedulation
D-C Con. Grid Volt. —125 —125 —90 —90 —90 —%0 volts D-C Plate Voltage 1250 1250 1250 1000 1250 1250 volts
D-C Plate Current 32 34 31 43 50 55 ma D-C Screen Voltage 300 300 300 300 300 300 volts

D-C Screen Current 20 20 39 30 40 38 ma D-C Sup. Grid Volt. 0 +45 —45 o 0 445 voits
D-C Con.GridCurrent 1.5 1.5 4 6 4 4 ma D-CCon.Grid Volt. --142 —142 —100 —100 —100 —100 volts
Screen Resistor - i __ 83004 —_ — ohms D-C Plate Current 40 40 48 75 80 92 ma
Peak R-F Input Volt. 150 150 135 145 135 135 volts D-C Screen Current 7 7 44 30 43 36 ma
R-F Driving Power 1728 13 = 05 0.8 0.5 0.5 watts D-C Con. Grid Current 1.8 1.8 1.5 10 115 11.6 ma

Carrier Power Output 5.5 6.5 6 13.5 18 22 watts Screen Resistor — — — 230008 — — ohms
Peak A-F Volt.- -Plate — - — 400 = — — volts Peak R-F Input Volt. 160 160 140 145 155 155 volts
Peak A-F Volt.— -Grid 45 45 % 75 150 * _— —_— volts R-F Driving Power 1.5% 1.5% 1.5 1.3 1.6 1.6 watts
A-FModulatingPower 0.5% 0.55% 0.3% 14.5 _ = watts Carrier Power Output 17 20 21 52 64 84 watts
Peak Power Output 22 26 % 24 = 54 = — — watts Peak A-F Volt.—Plate — — — 1000% — — volts

Peak A-F I\/olt.—Crld (3)03: (3)03: 753 : 3(2)0 - — volts
A-FModulating Power . . 0.36 —_— — wattsR-F POWER AMPLIFIER—CLASS B—TELEPHONY Peak Power ol,g'pu' 68% 80% 84 @ 208 & — watts

MAXIMUM RATINGS
D-C Plate VOIABE ... .ottt aiannnenen gcs)g vo::s R-F POWER AMPLIFIER—CLASS B—TELEPHONY
D-C Screen Voltage .......... ... ..t iiinaannss volts
D-C Piate Current (Carrier} 35 ma _ MAXIMUM RATINGSe Lur 4 D-C Plate Voltage ........ ...t iriiinnnnnnnnnnnn 1250 volts
Plate Dissipation {Carrier) 10 watts 5 € Screen Voltage ... ...... oo il 300 volts
Screen Dissipation (Carrier) 8 watts 5_C plate Current (Carrier) . .... ... .l 11110 70 ma

Plate Dissipation (Carrier) . ..........c.civeinnann. . 40 watts
D-C Plate Voltage 500 volts Screen Dissipation (Carrier) . ..............covuuenn. 15 watts

D-C Screen Volfage' l ............................ 800 vo’:s
D-C Suppressor Grid Voltage ........................ volts _
D-C Control Grid Voltage ... ... ... 0l . 00000 —~38 volts D-C Elale Volage vorrr e vons
g:g gc'fégncg[ffi%r """""""""""""""""" ?(Z) $: D-C Suppressor Grid Voltage . . volts
Peak R-F Inpur Woltage [ 1ol 80 ¢ wvolte DB-CGrid Voltage ...l volts
R-F Driving Power ... . 1111l 024% walls pTC cotoc CeUSon I ma
Carrier Powe(r) Output ... : 30 . wa::s Peak R-F Input Voltage .........................0n 70 2 volts
Peak Power Output .......... RPN FARAESANS e WaES RF Driving POWEr ..ottt 0.5* watts
#*At the peak of the a-f cycle with 100% modulation. Carrier Power OUIPUE . ... . iuiit s ég . watts

watts
tConnected 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 RANGE

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. 1f 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.

Rev. April 5, 1938
RAYTHEON ENGINEERING SERVICE

Peak Power Output
#At the peak of the a-f cycle with 1009, modulation.
tConnected 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-20A. The character-
istics of the RK-46 and RK-20A are the same except for the filament rating.
FREQUENCY RANGE

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. 1f a shield is applied to the
RK-46 it should enclose the base and extend to the lower internal shield and
sBl';oAl;Id clear the glass bulb by at least 1/16”.

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.

C5-1595



RK"47 RAYTHEON AMATEUR TUBES RK_47

4 pxooa TETRODE R-F POWER AMPLIFIER—CLASS B—TELEPHONY
POWER AMPLIFIER MAXIMUM RATINGS

OSCILLATOR D-C Plate Voltage ... ... e 1250 volts
The RK-47 is a beam type aligned D-C Screen Voitage .................. N 300 volts

grid tetrode having a thoriated tung- D-C Plate Current (Carrier) .............covvinnun. 75 ma
sten filament, a hard glass bulb ana Plate Dissipation (Carrier) ................ «..v.oen 50 watts
an isolantite base. The use of aligned Screen Dissipation (Carrier) ..............c.cvvinens 10 watts

rids reduces the ratio of screen
oA | |5 Eurrent to plate current and allows TYPICAL OPERATION

2% ] < more efficient utilization dof'l tthe p-c g’late VOIaEE il ;égo vo::s
total space current. e deflector o} creen Voltage . .......... ..ot volts" plates in the RK-47 are connected BOTTOMVIEWOFSXKET D.C Crid Voltageg ................................. —30 volts

L to base pin #4 which should be con- D-C Plate CUrrent . ........iiriiiiaeeinanannnn 60 ma
© nected to the filament center-tap. D-C Screen Current . ............c.ovirnieneannennas 2 ma
N FILAMENT RATING 0-C Grid Current . ... ... .. 0 0010l 0.9 ma
=~ Filament Voltage ........... IO volits Peak R-F Input Voltage ..................cooovinins 90 * volts

Filament Current ........... amp (R:-F _Dn;mg P%wczr At SR ‘215 » wa::s
arrier Power Output ... ... .ot wattsDIRECT INTERELECTRODE CAPAC'TANCES nt Peak Power Output .......... ISR P 100+ watts

mflz Ir:é)ut o Flate .......veeinnn 13 anf *At the peak of the a-f cycle with 1009 modulation.
Mca 3sSE Output . .............cc.... uuf OPERATING NOTES
3 R-F POWER AMP. OR 0SC. —-cu\ss C FREQUENCY RANGE

MAXIMUM RATINGS The RK-47 may be operated at the maximum ratings at frequencies up to
D-C Plate Voltage—Telegraphy ................... 1250 volts 30 megacycles. Above 30 megacycles the reduced efficiency realized requiresD-C Plate Voltage—Telephony that the plate voltage be Iowerec( to a maximum of 900 volts to prevent the

With Control Grid Modulation ... .... SELEERRERE 1250 volts plate dissipation from exceeding the maximum rated value. The operation of
With Plate or Plate & Screen Modulation. .. .. ... 900 volts the tube at frequencies higher than 60 megacycles is not recommended.D-CScreen Voltage ........... ..ccviueunnneenenn 300 volts

D-CPlate Current . ...........c.oiiiiiiiinnnnn. 150 ma EXCITATION
D-C Control Grid Current ....................o0.0. 10 ma The Class C amplifier characteristic curves show the power output, plate cur-
R-F Control Grid Current ............. ... ......... 5 amp rent and screen current plotted vs. excitation as denoted by the d-c control
Plate Dissipation . ........... ... iiiieiaaia. 50 watts grid current in milliamperes. The power output flattens off around 7 or 8 ma.
Screen Dissipation . ... ... ... . . el 108 watts of grid current with very little gained above these values. The screen dissipa-

Tc' ; : T ;': Y TP'I l‘ oo Telegraphy tion increases with excitation and for this reason the excitation should be kept
ontrol ate atoTYPICAL OPERATION Py aly Sereen at a reasonable value.

Modulation Modulation Modulation SHIELDING
D-C Plate Voltage..... . 1250 900 900 1250 volts Shielding of the grid input tuning system from the plate tuning apparatus is
D-C Screen Voltage ... 300 300 250 300 volts desirable and will provide improved stability. If a shield is applied to the RK-47
D-C Control Grid Voltage —135 —100 —120 —70 volts it should enclose the base and extend to the lower internal shield and should
N-C Plate Current. .. ... 60 80 90 138 ma clear the glass bulb by at least 1/16*.
D-C Screen Current. .. .. 9 50 23 14 ma
D-C Con. Grid Current. .. 1.6 10 1.5 7 ma BIAS
Screen Resistor ...... .. — 12000t 28000 — ohms At least 25 volts of fixed bias should be used with 1250 volts on the plate
Peak R-F input Voltage. . 155 160 180 160 volts to protect the tube in case of failure of the bias or excitation. Additional bias
E-F Dri;mg POOWGF AAAAA %84§¢ ;05 ;52 :2% Wa:fs may be obtained by the use of a grid or cathode resistor.

arrier Power Qutput . .. . watts
Peak A-F Volit.—Plate. . — 900% 900% -— volts ~ CRYSTAL OSCILLATOR
:e.;k N/:VF 'Volt.——PCrid. .. 3037: % %ISO" —_ volts The RK-47 is not recommended for use as a crystal controlled oscillator.

odutating Power . _— watts
Peak Power Output. . ... 114 % 200% 220% watts PLATE TEMPERATURE
$15 watts allowable if average plate dissipation does not exceed 40 watts.
*At the peak of the a-f cycle with 1009, modulation.
tConnected direct to plate supply voltage and by-passed for r.f. only.

The plate of the RK-47 will show a dull cherry red color (See Piate 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;gonnected to plate end of modulation trans. and by-passed for r.f, only.
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TETRODE POWER AMPLIFIER
OSCILLATOR

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-

| BAYONET

T.

24 oamer o 1
A > rent to plate current and allows

ngss/:wgl e more efficient utilization of the
7 total space current. The -deflector

plates in the RK-48 are connected
to base pin #4 which shouid be con-nected to the filament center-tap. BOTTOMVIEW OF SOCKET
FILAMENT RATING

84 ha
d

Filament Voltage ............ 10 volts
a7 5 PROG Filament Current ............ 5 am

Tlsamrre, DIRECT INTERELECTRODE CAPACITANCES
%E 0 Grid to Plate ............... 0.13 M
R BA-UUUUU._;"? Input ... ... o 17 ppf

1’0 pvcivcee Output ... .. 13 uuf
Y o1 ot R-F POWER AMP, OR OSC.—CLASS C

MAXIMUM RATINCS
D-C Plate Voltage—Telegraphy ................... 2000 volts
D-C Piste Voltage—Telephony

With Control Grid Modulation ................ 2000 volts
With Plate or Plate &G Screen Modulation. ... ... - 1500 volts

D-CScreen Voltage .......... .. i, 400 volts
D-CPlate Current ... ..... .ottt iiannnnn 180 ma
D-C Control Grid Current . ... ... ... 25 ma
R-F Contro! Grid Current . ........... . coviirunn.. 8 amp
Plate Dissipation . ............c.iuiuiiiiiiniiininn 100 watts
Screen Dissipation .... . ... ... . 0 iy 22 watts

Telephony Telephony Telsphony Telegraphy
n 1TYPICAL OPERATION Uy’ omy ‘Sevens

Modulation Modulation Modulation
D-C Plate Voltage 1500 2000 1500 1500 2000 volts
D-C Screen Volitage 400 400 400 400 400 volts
D-C Con. Grid Voltage —145 —155 —100 —100 —100 volits
D-C Plate Current 717 74 148 156 180 ma
D-C Screen Current 10 8 50 31 40 ma
D-C Con. Grid Current 1.5 0.9 6.5 6.0 6.5 ma
Screen Resistor — —_ 22000 35000f — ohms
Peak R-F Input Voltage 162 167 165 160 170 volts
R-F Driving Power 1.6 * 1.05% 1.0 0.9 1.0 watts
Carrier Power Output 40 50 165 175 250 watts
Peak A-F Volt.—Plate — —_ 1500% 1500% — volts
Peak A-F Volt.—Crid 45 = 45 »* e 400 volts
A-F Modulating Power 0.45% 0.28% 115 140 — watts
Peak Power Output 160 % 200 * 660 * 700 * — watts
*At the peak of the a-f cycle with 1009, modulation.
tConnected direct to plate supply voltage and by-passed for r.f. only.
1Connected to plate end of modulation trans. and by-passed for r.f. only.
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RAYTHEON AMATEUR TUBES RK-48
R-F POWER AMPLIFIER—CLASS B—TELEPHONY

MAXIMUM RATINGS
D-C Plate Voltage ..........ccovuiuinennrnrannnnans 2000 volts
D-C Screen VOItage . .........coivivriinnannonneenen 400 volts
D-C Plate Current {Carrier) .............cocieennn 100 ma
Plate Dissipation (Carrier) . .......... . ... onneenonn 100 watts
Screen Dissipation (Carrier) ....... ... ey 10 watts

TYPICAL OPERATION
D-C Plate Voltage ....... TS 2000 volts
D-C Screen VOItage . .........c.citviintrenennnannns 400 volts
D-C Control Grid Voltage .........cciiiiiivivaneanen —35 volts
D-C Plate Current ... .. ... . ..t iivannenans 76 ma
D-C Screen Current ... .. ... .ttt 6 ma
D-C Grid CUrrent ... ... ittt 0.35 ma
Peak R-F Input Voltage . ....... ... . it iiiinnennnn 80 * volts
R-F Driving POwer ..........c.oieirvnerrnnnnaasnas 0.22¢* watts
Carrier Power Qutput ... ....... . it iinneernaneeran 60 walts
Peak Power Oufput . ........... . ccviirvannnnnenns 240 watts

OPERATING NOTES
FREQUENCY RANGE

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 voitage 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 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 Piate 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-49
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

RAYTHEON AMATEUR TUBES

R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINGS

:'M screen current to plate current and
, :'l’ allows more efficient utilization of

23"3:* [ the total space current. The elec-
“ L. trical characteristics are similar to

A those of the type 6L6C. BOTTOM VIEW OF SOCKET
W HEATER RATING

ISOLANTITE Heater Voit. 6.3 volts
PR- g’lf?[ Heater Cur. 0.9 amp

DIRECT INTERELECTRODE CAPACITANCES
[fl m Y Grid to Plate . .............. 1.4 puf

. Input . ... ... .. . 11.5 uuf
Output . ... .. ... 10.6 puf

R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C
MAXIMUM RATINGCS

D-C Plate Voltage—Telegraphy ..................... 400 volts
D-C Plate Voltage—Telephony-——With Control Crid Mod. 400 voltsWith Plate or Plate and gcreen Modulation 3 volts
D-CScreen Voltage ... .. ... . ...... ... ... ........... volts
D-CPlate Current ... ... ... ....... .. ... ....... ma
D-C Control Crid Current . ... ... ... ..., ma
Plate Dissipation ........... watts
Screen Dissipation ............ watts

Tel

Controt Plate Plate &
TYPICAL OPERATION Grid Only Screen

Modulation Modulation Modulation

D-C Piate Voltage...... 400 300 300 400 volts
D-C Screen Voitage. .. .. 250 200 200 250 volts
D-C Control Crid Voltage —40 —45 —45 —50 volts
D-C Plate Current . ... .. 55 60 60 95 ma
D-C Screen Current. . ... 4 18 15 8 ma
D-C Controt Grid Current 0.5 6 5 3 ma
Screen Resistor . ....... — 55001 6700¢ — ohms
Peak R-F Input Voltage. 47 4 64 80 volts
R-F Driving Power...... 03 % 0.34 0.3 0.2 watts
Carrier Power Output. .. 7 12 13 25 watts
Peak A-F Volt.—Plate. . — 300 300% — volts
Peak A-F Volt.—CGCrid. ., 25 % — 200= — volts
A-F Modulating Power. . 0.15% 9 il — watts
Peak Power Output..... 28 % 48 = 52 % — watts
*At the peak of the a-f cycle with 1009, modulation
fConnected direct to plate supply voitage and by-passed for r.f. only,
tConnected to plate end of modulation trans. and by-passed for r.f. only.
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K-49

D-C Plate Voltage . ... ... iiiiniviiiin s 400 volts
D-C Screen Voltage ........ 300 volts
D-C Piate Current (Carrier} 75 ma
Piate Dissipation (Carrier} 21 watts
Screen Dissipation {Carrier) 3.5 watts

D-C Plate Voltage . ..........uiiiviiiiininaeonnan 400 volts
D-C Screen Voltage ...... ... ittt 250 volts
D-C Grid Voltage . ......... i —30 volts
D-C Plate Current 52 ma
D-C Screen Current S ma
D-C Grid Current .. .. . e 0.1 ma
Peak R-F Input Voitage 60 = volts
R-F Driving Power 0.5% watts
Carrier Power Output . ... . .. .. i e 7 watts
Peak Power Output ............ . ... iviiiinnan. 28 watts
“At the peak of the a-f cycle with 10095 modutation.

OPERATING NOTES
FREQUENCY RANCE

The RK-49 may be operated at the maximum ratings at frequencies up to
15 megacycles. Above 15 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 oft around 3 or 4 ma.
ot 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 vatue.

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 10 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.
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RK-51

»J.flol-pn TRIODE | BavonEY
LT POWER AMPLIFIER 7]
3 OSCILLATOR Gy T

The RK-51 is a triode type power
~ amplifier tube having a thoriated
o tungsten filament, a carbon plate, a

210D "‘:’ hard gllass bé}lb and an isolantite"~ % max", base. It is designed for use as a ‘”‘gu power aml?lifi'er, oscillator or fre- 00 %
" quency multiplier,
© AMPLIFICATION FACTOR 20 S0T7TOMVIEWOFSOCKET

FILAMENT RATING
Filament Voltage ........... 1.5 volts
Filament Current ............ 3.75 amp

Feona DIRECT INTERELECTRODE CAPACITANCES
peicd ‘J Grid 10 Plate «...oveeinnn... 6 P

R Input ... .. e 6 nufU U* il Output ... v 2.5 uuf
R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C—

TELEGRAPHY
MAXIMUM RATINGS

D-C Plate Voltage . ............... .. 1500 volts
D-C Plate Current ................ 150 ma
D-C Grid Current .. ... ... itterennnenn . 40 ma
Plate Dissipation . .. .. ....... . ...ttt 60 watts

TYPICAL OPERATION
D-C Plate Voltage . ................ccc.n.. 1250 1500 volts
D-C Crid Voltage .............. «c.ceununenn —200 —250 voits
D-C Plate Current . ...................... 150 150 ma
D-C Grid Current . ... ... ... ..coevnui.ns 38 31 ma
Peak R-F Input Voltage ................... 320 365 volts
R-F Driving Power . ...................... 11 10 watts
Power Output . ...... .. ... ... .ciiiieinan. 135 170 watts

R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINGS

RAYTHEON AMATEUR TUBES RK-51
R-F POWER AMPLIFIER—CLASS C—TELEPHONY

MAXIMUM RATINGS
Grid Plate

Modulation Modulation

D-C Plate Voltage . .......... ... .o, 1500 1250 volts
D-C Plate Current (Carrier) ............... 60 105 ma
D-C GCrid Current {(Carrier) ......... [ 5 40 ma
Plate Dissipation (Carrier) ................ 60 40 watts

Grid Plate
TYPICAL OPERATION Moduiation Modulation
D-C Plate Voltage . ...........coivvvunnnn 1500 1000 1250 wvolts

D-C Crid Voltage . ..........cccivuuennnn. —130 -—150-200 volts
D-C Plate Current . ... ... ... ... 0. 60 115 105 ma

D-C Grid Current . ........iiviinvuevnnnn 0.4 30 17 ma
Peak R-F Input Voltage ................... 140 245 290 volts

R-F Driving Power ............c.ivevuiun.. 2.3*% 6.6 4.5 watts
Carrier Power Output .................... 32 83 96 watts

Peak A-F Modulating Voltage ............. 65 * 1000%1250* volts

A-F Modulating Power ................... 1.05*% 58 67 watts

Peak Power Output ...................... 128% 332% 384% watts

*At the peak of the a-f cycle with 1009, modulation,

OPERATING NOTES
FREQUENCY RANGE

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-

B:g EII::: (\S/Sr’::F\: (Carriery i e é(S)OO VorL': tion from exceeding the maximum rated value.
Plate Dissipation (Carrier) . 60 watts

BIAS

D-C Plate Voltage . 1500 volts A fixed bias voltage of at least 60 volts should be used with a plate voltage
D-C Grid Voitage .. —75 volts of 1500 volits to protect the tube in case of failure of the bias or excitation.
D-C Plate Current 60 ma The fixed bias may be reduced with lower plate voltage.
Pe;kDR-F Ingut Voltage . .......cc v . ;750: volts
R- riving Power ... ... . ... e . wattsCarrier Power Output . ... ... ... ... . ... iiireneninn 30 watts PLATE TEMPERATURE
Peak Power OQutput . .......... ... .. 0.0 iiiauannnns 120% watts The plate of the RK-51 will not show color when operated at the maximum
*At the peak of the a-f cycle with 1009 modulation. rated plate dissipation. Dissipations above the rated value should be avoided
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RK.-52 RAYTHEON AMATEUR TUBES RK_SZ

s50jon TRIODE | savorer R-F POWER AMPLIFIER—CLASS C—TELEGRAPHY
e POWER AMPLIFIER 7] MAXIMUM RATINGS> % GQ g-g ;:ate \éoltage ................................ 1500 volts

- ate Current ... .. ... .. it s 130 m,OSCILLATOR D-C Grid Current ... ... . .0iiiiiiiiiinannnnennn 50 m:
- The RK-52 is a high-mu triode Plate Dissipation ...............0iiiiiniiienvennn 60 watts

. - type power amplifier tube having a28 aax 1 > thoriated tungsten filament, a car- Q ‘ o TYPICAL OPERATION. bon plate, a hard glass bulb and an 0 o D-C Plate Voltage ................o000nnn 1250 1500 volts
> isolantite base. It is designed for use D-CGrid Voltage . ............. ...covuun. —120 —120 volts
S as a power amplifier, oscillator or BOTTOMVIEW OF SOCKET D-C Plate Current . ..................... .. 150 130 ma

) frequency muitiplier. D-C Grid Current . .............0c.nuun. e 41 40 ma
Se;kDR;E Inp';.:t Voltage ................ e %CB‘O ;95 volts

~! riving Power . ................ Cevenn . watts
FILAMENT RATING Power Output .............viivnnnnarnnn. 130 135 watts

SOUANTITE | .|domne Filament Voltage ...........- 135 volts R-F POWER AMPLIFIER—CLASS C—TELEPHONY—
afimfi-r """""" PLATE MODULATION

':E MAXIMUM RATINGCS
) DIRECT INTERELECTRODE CAPACITANCES g-C Plate Voltage .............. e PPN 1250 volts

. -C Plate Current ................ e 115
Icr??nm Plate ............... é26 :Il:; D-C Grid Current . ........... eeeereann Cereraraae 50 m:
OU"'pu'l~ T 22 at Plate Dissipation ..........c..cicvvuenaenn. e 40 watts

TYPICAL OPERATION

A-F POWER AMPLIFIER—CLASS B—TWO TUBES D Blate Voltage ..o _19%0 1250 volts
MAXIMUM RATINGS g-g g:?éecgtr.lrée?t ....................... ‘I&S “1'I75 ma

- rent . ... .. i i i e,D-C Plate Voltage ............coiiiiiiuiannenevnnnn 1250 volts Peak R-F Input Voltage 195 200 vorlr;:
D-C Piate Current (per tube) . ...................... 150 ma R-F Driving Power ..........covvovii. i 72 8.5 watts
Plate Dissipation (per tube) .............counoannnnn 62.5 watts A-F Modulating Power ............ . 63 72 watts
(Average over ) cycle) Carrier Power Output ....... . 90 105 watts

Peak Power Oufput ...................... 360 420 watts

TYPICAL OPERATION OPERATING NOTES

D-C Plate VOIABE o' .eoeeeeeaeeraranenneanneann 1250 volts ~ FREQUENCY RANGE
D-C Grid Voltage . . ....... ..o vmeiniieiranennnns 0 volts The construction of the RK-52 allows operation at the maximum ratings at
D-C Plate Current (no signal) ..............covennnn 40 ma frequencies up to 60 megacycles. Above 60 megacycles the reduced efficiency
g-g E!g:jecCurre?t( max. ;ngnfll) ......... ?% m: ;f:f’\llfign:eg:ére?dit:;ttgzem;:,l:!:qgonag'edbe Ilowered to prevent the plate dissipa-

-C Grid Current (max. signal) . .........c..oivuninen imum rated value,
Peak A-F Grid Voltage (grid to gr 180 volts
A-F Driving Power ........... '{.5 \;;tts PLATE TEMPERATURE
Load Resistance tplate to plate} 0000 ms The plate of the RK-52 will not show color when o ted at th ted plPower Output . .........cciiiiierrnnnenrinaennnns 250 watts dissipation. Dissipations above the rated value should”f::'ea aevoi‘:jed. € rated plate
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RK-100
GASEOUS DISCHARGE TRIODE

POWER AMPLIFIER z~ ==m
OSCILLATOR

The RK-100 is a heater type gas-
eous discharge tube designed for use

Yy as a power amplifier or oscillator.
‘o The RK-100 differs from conven-

on % tional tubes in that it contains mer- BOTTOM MEW P SOCKET
28 rpy oy 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 of the tube. In practice the actual cathode is used

as the zero potential point for the circuit returns.

80eona HEATER RATING
Heater Voltage ............. 6.3 volts

—t Heater Current e 0.9 amp

UU Ufl ""’; 3 DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate ............... 19 uut
Input ... .. e 23 uuf
Output . ... it 3 upf

A-F POWER AMPLIFIER—CLASS A
MAXIMUM RATINGS

RAYTHEON AMATEUR TUBES RK-100
R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C

MAXIMUM RATINGS
D-C Plate Voltage .. 150 volts
D-C Plate Current . ........... 250 ma
D-C Control Grid Current 100 ma
D-C lonizing Current ... ... ... ... aeuannncnns 250 ma
Plate Dissipation ............ .. iiiiiainianerann. 15 watts

TYPICAL OPERATION—R-F OSCILLATOR—CLASS C
D-C Plate Voltage . ...........ceiernennneneneeens 110 volts
D-C lonizing Current ... .. ... ... ... iireintnananans 150 ma
D-C Plate Current .. ... ... .. .......... e 80 ma
D-C Control Grid Current . ... ... . ..cviiiiennn . 8 ma
Control Grid Resistor .. .........c.iiivininvvnvensons 500 ohms
Power OUtpUt . ... ... ... iiiiiii i irinearanrananas 35 watts

TYPICAL OPERATION—R-F AMPLIFIER—CLASS C
DO-C Plate Voltage .......... 110 110 volts
D-C tonizing Current 150 250 ma
D-CPlate Current ..........0veiiiennnnnnn 175 185 ma
D-C Control Grid Current . ................ 39 40 ma
Control Grid Resistor .......... e 500 500 ohms
Peak R-F Input Voltage ...............0... 55 55 volits
Driving Power .................. [ 2 2.1 watts
Power Output . ....... ... ciiiuiinennnennn 11 12 watts

D-C Plate Voltage ............ccouvnnen e e %28 volts OPERATING NOTES
D-C Plate Current ............itiviuiiinnrerecnanons ma
D-C Control Grid Current . ................ e 100 ma IONIZING DISCH.A.RGE CIRCUIT L . .
D-C lonizing Current . ..... ... ...ttt ianeennss 250 ma Under all conditions a separate current limiting resistor should be used in
Plate DisSiPation . .ovvveti s et . 15 watts series with the number one grid of each tube in order to limit the discharge

current to or under the rated value, as the voltage drop from the number one
TYPICAL OPERATION—SINGLE TUBE grid to the cathode is approximately 10 volts,

D-C Plate Voltage . .................. . 110 110 voltsD-C Control Grid Voltage . ................ —1.6 —1.6 volts CIRCuUIT OPFRAHON L . .
D-C lonizing Current ... ..... [P b 150 250 ma The operation of the RK-100 is similar to that of a conventional high vacuum
D-C Plate Current (no signal) ... ......... 50 65 ma tube except for the ionizing discharge mentioned above and the markedly differ-
D-C Control Grid Current (max. signal)...... 7 8.5 ma ent values of tube parameters such as high transconductance and high grid

A-F Grid Voltage (RMS) ......... AP 6 6 volts current,
Amplification Factor ................. ..., 40 40 The_internal impedance of the RK-100 is very low with a large signal on the
Plate Resistance ...............c0cvvvvunn. 3600 2500 ohms grid. This makes it necessary to tap down on the output plate cotl to match
Transconductance .............c.. c.ouonvennn 12000 16000 pmhos the low tube impedance. The input impedance is low so relatively few turns
Load Resistance ..............c.ovveenans 1600 1100 ohms are required on the secondary of the driver transformer for optimum conditions.
Power Output (109 Total Distortion) ...... 3.2 4.2 watts The abovehcharacteristics. low inpu't and output Iimpedances. make it difficult

to obtain the same power from a self-excited oscillator as can be obtained from
TYPICAL OPERATION—PUSH-PULL—TWO TUBES a driven amplifier. The power necessary to drive the tube may be obtained

D-C Plate Voltage ............ccovueunnn. 110 110 volts from conventional tubes such as the type 48 or one RK-100 will drive two
g-g Fontrol C(;:rid Vol'(age abai T . -—-} 5% —;560 volts RK-100 tubes.

-C lonizing Current (per tube) ........... ma
D-C Plate Current (no signal) .......... 100 130 ma IMPORTANT
D-C Control Grid Current (max. signal)...... 14 17 ma When first placing the RK-100 in operation it should be sliowed to warm up
A-F Grid Voltage (Trid to grid) (RMS)....... 13 13 volts for about 15 minutes to insure that no drops of mercury are shorting the
Load Resistance (plate to plate) ............ 2000 2000 ohms elements. Thereafter, this precaution need not be taken unless the tube has
Power Output (109, Total Distortion)....... 7 9 watts been handled in such a way as to get mercury on the elements.
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841
842 841
864 TRIODE

POWER AMPLIFIER
OSCILLATOR

The 841 is a high-mu triode type
power amplifier tube having a thori- § BAYONET
ated tungsten filament and an iso- % 69
lantite base. It is designed for use
as a power amplifier or oscillator.

FILAMENT RATINGI H Filament Voit. 7.5 volts ‘~ 2§ i T%‘P Filament Cur. 1.25 amp 00 00
. b DIR. INTERELEC. CAPAC. BOTTOM VIEW OF SOCKET
kS lcmn to Plate ‘71 ,m:
3 nput M

PPLETITE ";w; Output 3 unf
MED. BASEsAvoneT l A-F AMPLIFIER—CL., A—RES. COUPLED

R4 MAXIMUM RATINGS
h D-C Plate Voltage ............... 425 volts
T D-C Piate Supply Voltage......... 1250 volts

Plate Dissipation ................ 12 watts
TYPICAL OPERATION

D-C Plate Supply Voltage ..... ......... 4252 1000z volts
D-C GCrid Voltage ..............ccviveo. -6 —9 volts
D-C Plate Current . ... ... ...........n. 0.7 2.2 ma
Amplification Factor 30 30
Plate Resistance ...... 63000 40000 ohms
Transconductance . .. 450 750 uamhos
Peak A-F Grid Voltage 6 9 volts
Load Resistance ............. 0.25 0.25 megohm
Voltage Output (59 second harmonic) .. ... 126 225 volts

A-F POWER AMPLIFIER—CLASS B—TWO TUBES
MAXIMOM RATINGS

D-C Piate Voltage . ..........c.iiiriinireennnnennnn 425 volts
O-C Plate Current (with signal—per tubel............ 60 ma
Plate Dissipation (per tube) ............c0vveinuians 15 watts

D-C Plate Voltage 0 425 volts
D-C Grid Voltage —5 volts
0-C Plate Current (no signal) . 13 ma
D-C Plate Current (max. signal} ... 114 120 ma
Peak A-F GCrid Voltage igrid to grid} . ....... 176 180 volts
Load Resistance (plate to plate) ............ 5200 7000 ohms
Power Output (max. signal) (approximate) ... 21 28 watts
Driving Power (max. signal) {(approximate).. 3.2 36 watts

R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C
MAXIMUM RATINGS

D-C Plate Voltage—Telegraphy . ........ ... ...0uv.us 450 volts
0-C Plate Voltage— Telephony——Plate Modulation...... 350 volts
D-C Plate Current . ... ..o irinnnrernnrnenneananns 60 ma
D-C Grid Current . ... ... .. it i 20 ma
R-F Grid Current ......... .. it nnenanann 4 amp
Plate Dissipation—Telegraphy . ............c.covev.un 15 watts
Plate Dissipation-—Telephony—Plate Modulation ....... 10 watts

Teleph Tet hTYPICAL OPERATION Plate Mudulation clearanny
D-C Plate Voltage ........... 250 350 350 450 volts
D-C Grid Voltage ............ ~40 —47 —-30 -—34 volts
D-C Plate Current ........... 50 50 50 50 ma
0-C Grid Current ..... 15 15 15 15 ma
Peak R-F Crid Voltage 125 130 1i5 120 volts
R-F Driving Power ... 2 2 1.8 1.8 watts
Carrier Power Output 7 11 11 15 watts
A-F Modulating Power 6.3 8.8 — — watts
Peak Power Outpur .......... 28 44 — — watts
2Voitage effective at the plate is less than the plate supply voltage by the drop

in the load resistor.

842
TRIODE

POWER AMPLIFIER
The 842 is a low-mu triode type power amplifier tube having a thoriated

tungsten filament and an isolantite base. It is designed for use as an audio
frequency power amplifier.

FILAMENT RATING
Filament Voltage ......................... e 1.5 volts
Filament Current ... .. ... ... ..t 1.25 amp

DIRECT INTERELECTRODE CAPACITANCES
CridtoPlate ...... ... . ... it (i, 7 nuf
INPUt L e e 4 uuf
OUtPUl . it e e e 3 uuf

A-F POWER AMPLIFIER—CLASS A
MAXIMUM RATINGS

D-C Plate Voltage ......... ... viiiiiunnrennnaan 425 volts
Plate Dissipation ........ ... .iiiiiiiiiiiininaan. 12 watts

TYPICAL OPERATION
D-C Plate Voltage .......... e 350 425 volts
D-C Grid Voltage . ....................... --72 —100 volts
D-C Plate Current . ..., ... .. ..cvivuin... 34 28 ma
Peak A-F Grid Voltage .................... 67 95 volts
Amplification Factor ................... 3 3
Transconductance . .... ........c.c.couuivu.. 1250 1200 umhos
Plate Resistance ...............c00vuu... 2400 2500 ohms
Load Resistance ......................... 5000 8000 ohms
Power Output (595 second harmonic)....... 2.1 3.0 watts

For tube outline and basing view see type 841,

Rev. Aprit 5, 1938
62

RAYTHEON AMATEUR TUBES

4 PRONG |
SMALL BRIE l

D-C Plate Voltage

D-C Plate Voltage
D-C Grid Voltage
D-C Plate Current
Amplification Factor
Transconductance
Plate Resistance

841
864 842

TRIODE 864
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 RATING
Filament Volt, 1.1 volts
Filament Cur, 0.25 amp BOTTOM VIEW OF SOCKET

DIRECT INTERELECTRODE
CAPACITANCES

Grid to Plate 53 uuf
Input 2.3 uuf
Output 2.1 uuf

A-F AMPLIFIER—CLASS A
MAXIMUM RATINC

....................... 135 volts

TYPICAL OPERATION
................. RN 90 135 volts

........................ ~4.5 -9.0 volts
...................... 2.9 35 ma
.................... 8.2 8.2

........................ 610 645 amhos
.............. 13500 12700 ohms

Grid Coupling Resistor, if used, must not exceed 2.0 megohms.

DETECTOR—BIASED TYPE
MAXIMUM RATING

D-C Plate Voltage . .......c.iiiitiineneinnennnnann 135 volts

TYPICAL OPERATION
D-C Plate Voltage ............ccooviunen. 135 volts
D-C Grid Voltage ..........ccovunenuinn.. —10.5 —15 volts
D-C Plate Current . ..............covun. Adjusted to 0.2 ma with no signal

DETECTOR—GRID LEAK TYPE
MAXIMUM RATING

D-C Plate Voltage .... ........ .. .iiiiiiiinvinnn. . 45 volts

TYPICAL OPERATION
D-C Plate Voltage ............c. it enennns e 45 volts
GridLeak ...........0cveviiennnnn e v 0.25-5 megohms
Crid Condenser ...........cccvuue.s ‘e e 0.0025 uf

AVERAGE PLATE CHARACTERISTICS 00£ v NFel1vDC.
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gggA 866A RAYTHEON AMATEUR TUBES 872A 866A

866872A MERCURY VAPOR TYPE N Ve Pt TeieR 872AHALF-WAVE RECTIFIER
HALF-WAVE RECTIFIER (1 The 8724 is a half-wave, shielded P

02 lamerg oS is 2 half-wave, shielded fube “Gesiamea Tor heavy. current,Sl flament yee mercury hager rectl Lowowr g R b ot gl Tus @y [~voltage d-c power supplies. Twc
type B66A 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,

FILAMENT RATING
Filament Volt, 2.5

G T @

o G4
voltsFilament Cur. 50 amp BOTTOM VIEW OF SOCKET

MAXIMUM RATINGS—TEMP. RANGE
25°—60° C.

Peak Inverse Voltage ........ 10000 volts
Peak Plate Current .......... 1.0 amp
Average Plate Current ....... 0.25 amp
Tube Voltage Drop .......... 10 approx. volts

TYPICAL OPERATION
One Section Fiiter

A-C Input Maximum Mint M Maximum

Cireuit anl-:eu D-C Output c“h:l::"' Co-nxd';::' D-G Output
RMS Volts Volts To Henrlos Mfds. Current

Filter (L) ©) Amperes

Sinfle—phase 3535 per tube 3180 8.0 1.25 0.5
Full-Wave 3000 ¢ 2700 6.8 1.50 0.5
Two Tubes 2000 " ¢ 1800 4.5 2.1 0.5
Choke Input 1500 1350 3.4 28 0.5
Sinfle—phase 3535 ¢ ¢ 3950 —_— — 0.25
Full-Wave 3000 3390 —_ —_ 0.25
Two Tubes 2000 2260 —_ — 0.25
Condenser Input | 1500 *© * 1700 — — 0.25

Single-phase 7070 total 6360 16.0 0.6 0.5
Bridge Circuit 6000 5400 13.5 0.7 0.5

Four Tubes 3888 . 3288 é‘g'o ?? 8?Choke Input i : )

OPERATING NOTES
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 59%.

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 RATING
Filament Voltage ......... ... .. ... iiiiiieinnnnnn 2.5 volts
Filament Current ......... ... . ....vveuenen [APINTON 5.0 amp

MAXIMUM RATINGS—TEMP. RANGE 10°—60° C.
Peak Inverse Voltage e 7500 volts
Peak Plate Current ...... Chteaae i 1.0 amp
Average Plate Current e 0.25 amp
Tube Voltage Drop (approximate) ............... .. 15 volts

TYPICAL OPERATION
One Bection Filter

A-C Input Maximum — yynimym Maximum Meximum
Circult Voltage D-C Output gpoky Condenser P -C Output

RMS Volts Volts To Henrles Mids. Current
Fiiter (L) ©) Amperes

Sinfle-phase 2650 per Tube 2385 20 1.6 0.5
Full-Wave 2000 1800 4.9 1.8 0.5
Two Tubes 1500 " 1350 33 2.8 0.5
Choke Input icoo 900 2. 4.2 0.5
Single-phase 2650 ¢ 3000 —_ — 0.25
Full-wave 2000 ** ¢ 2260 —_ — 0.25
Two Tubes 1500 ¢ 1700 — —— 0.25
Condenser Input J 1000 * 1150 — — 0.25

Single phase 5000 total 4770 12.0 0.8 0.5
Bridge Circuit 4500 4050 10.0 1.0 0.5
Four Tubes 4000 3600 8.4 1.2 0.5
Choke 1Hput 3500 2700 6.8 1.5 0.5
For tube outline, basing view and operating notes see type 866A.

Rev Apru 8, 1938
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" tifier circuit with a choke input fil-
ter will supply a maximum of 2.5
amperes at 5000 volts d.c.

FILAMENT RATING bQ 00
Filament Volt. 5.0 volts,
Filament Cur. 6.75 amp BOTTOM VIEW OF SOCKL T

——?,-j'opmx.~ Y MAXIMUM RATINGS—TEMP. RANGE
o 20°~-60° C.
*® Peak Inverse Voltage ........ 1000 volts

Peak Plate Current ...... feee 5.0 amp
Average Plate Current ,....... 1.25 amp
Tube Voltage Drop (approx.).. 10 volts

TYPICAL OPERATION
Maximum A-C Approx. D-C Maximum

Cireuit Input Volts Output Volts D-C Output
.giggg_’m (RMS) To Filter Current-—Amp.

Mvwv/(r ) :r Sinfle-phase
BASE (1839, 2 Full-Wave 3535 per tube 3180 2.5

o uU_*% Two Tubes

Sinfle-phase

B &Y€ 1 7070 total 6360 25
Four Tubes

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 15 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, x'eavy prongs should be used and the filament voltage
should measure exactly 5.0 volts at the socket to insure fong life.

CIRCUITS FOR MERCURY~VAPOR RECTIFIER TUBES G

SINGLE-PHRSE FULL WAVE TWO TUBES 06:9
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b >4
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3
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SuPPLY0 SINGLE-PHASE | ~SUPPLY
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SINGLE-PHRSE FULL WAVE BRIDGE CIRCUIT FOUR TUBES
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The values of Eav, Esnverse, and la: are based on

1. Sine Wave Supply Voltage 3. Zero Tube Voltage Drop
2. Equal Phase Voltages 4. Pure Resistance Load—No Filter
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RAYTHEON AMATEUR TUBES

CONVERSION CURVES
The following curves, Fig. NI, 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. NI shouid 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 209, lower than the
published values. The percent change from the published operating conditions
may be read at the intersections of the curves with the —209, ordinate. Thus,
for a 209, decrease in plate and screen voltages, the grid bias should be de-
creased 209, or the bias resistor increased 129%, the load resistance should be
increased 129, the plate and screen currents will be decreased 279 and the
power output will decrease 489,. Values for triodes may be obtained from the
curves in the same manner.
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Fig. N2 should be used for tetrodes and pentodes where only the plate volt-
?ge urf‘]chanwged and the valtues are read from the curves in the same way as in

ig. .

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.

RESISTANCE-COUPLED AMPLIFIER DESIGN
CURVES

The curves in Figs. Pl 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, Re, for use with several values of plate
resistor, R1., at plate supply voltages from 90 to 300 volts. The values of out-
put voltage, E., (peak volts) at maximum signal and the voltage gain, VG are
also shown by the curves.

The value of the coupling condenser, C, depends on the value of R, 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 (P1)
Rg.=—= megohms - Ry

The curves were plotted using a value of Rg = 2R in all cases.

For the condition, Rg = Ry, the value of R: from the curves should be de-
creased 15%.

For the condition, Ry = 4Ry, the value of Re from the curves should be in-
creased 109%.
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. The value of R: should not exceed the maximum value allowable in the grid
circuit of the following tube.

thhe proper value of cathode by-pass condenser, C., may be found from the
relation:

Ce = microfarads 7000
Re = ohms C_.—-Re (P11

The value of the series screen resistor, Rag, for use with pentodes may be
found from the curves and the screen by-pass condenser should be at reast
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 l.amps.

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
dea:er or directly from the Raytheon Production Corp. at a price of twenty-five
cents,

Type No. Structure Cathode Use

00A Triode 5.0 voit Filament Detector
O1A Triode 5.0 volt Filament Detector or Amplifier
0Z4 Twin Diode Cold Full Wave Rectifier
0Z4G Twin Diode Cold Full Wave Rectifier
1A4-T Tetrode 2.0 volt Filament Remote Cutoff Amplifier
1A6 Heptode 2.0 volt Filament Frequency Converter
184/951 Pentode 2.0 volt Fitament Detector or Amplifier
185/25S Duo-Diode Triode 2.0 volt Filament Detector Amplifier
1C6 Heptode 2.0 volit Filament Frequency Converter
1C71G Heptode 2.0 volt Filament Frequency Converter
1DSG-P Pentode 2.0 voit Filament Remote Cutoff Amplifier
107G Heptode 2.0 volt Filament Frequency Converter
1E5G-P Pentode 2.0 voit Filament Detector or Amplifier
1E7G Twin Pentode 2.0 volt Filament Power Amplifier
1F4 Pentode 2.0 volt Filament Power Amplifier
1F5G Pentode 2.0 volt Filament Power Amplifier
1F6 Duo-Diode Pentode 2.0 volt Filament Detector Amplifier
1F1G Duo-Diode Pentodea 2.0 volt Filament Detector Amplifier
1G5G Pentode 2.0 volt Filament Power Amplitier
1H4G Triode 2.0 volt Filament Detector or Amplifier
1H6G Duo-Diode Triode 2.0 voit Filament Detector Amplifier
1J5G Pentode 2.0 volt Filament Power Amplifier
1)6G Twin Triode 2.0 voit Filament Power Amplifier
1-v Diode 6.3 volt Heater Halt Wave Rectifier
2A3 Triode 2.5 volt Filament Power Amplifier
2A3H Triode 2.5 volt Heater Power Amplifier
2AS Pentode 2.5 volt Heater Power Amplifier
2A6 Duo-Diode Triode 2.5 volt Heater Detector Amplifier
2A7 Heptode 2.5 volt Heater Frequency Converter
2B7 Duo-Diode Pentode 2.5 volt Heater Detector Amplifier
5T4 Twin Diode 5.0 volt Filament Fu!l Wave Rectifier
5U4G Twin Diode 5.0 volt Filament Full Wave Rectifier
SV4G Twin Diode 5.0 volt Heater Full Wave Rectifier
5W4 Twin Diode 5.0 volt Filament Full Wave Rectifier
SWA4G Twin Diode 5.0 volt Filament Full Wave Rectifier
5X4G Twin Diode 5.0 volt Filament Full Wave Rectifier
5Y3G Twin Diode 5.0 volt Filament Fult Wave Rectifier
SYAG Twin Diode 5.0 volt Filament Full Wave Rectifier
5Z3 Twin Diode 5.0 volt Filament Fult Wave Rectifier
524 Twin Diode 5.0 volt Heater Full Wave Rectifier
6A3 Triode 6.3 volt Filament Power Amplifier
6A4/LA Pentode 6.3 volt Filament Power Amplifier
6A5G Triode 6.3 volt Heater Power Amplifier
6A6 Twin Triode 6.3 volt Heater Power Amplifier
6A7 Heptode 6.3 volt Heater Frequency Converter
6A8 Heptode 6.3 volt Heater Frequency Converter
6A8G Heptode 6.3 volt Heater Frequency Converter
6ABS Cathode Ray 6.3 volt Heater Tuning Indicator
6AC5G Triode 6.3 volt Heater Power Amplifier
6B4G Triode 6.3 volt Filament Power Amplifier
6B5 Duo-Triode 6.3 volt Heater Power Amplifier
6B6G Duo-Diode Triode 6.3 volt Heater Detector Amplifier
687 Duo-Diode Pentode 6.3 volt Heater Detector Amplifier
688 Duo-Diode Pentode 6.3 volt Heater Detector Amplifier
6B8G Duo-Diode Pentode 6.3 volt Heater Detector Amplifier
6C5 Triode 6.3 volt Heater Detector or Amplifier
6C5G Triode 6.3 volt Heater Detector or Amplifier
6C6 Pentode 6.3 volt Heater Detector or Amplifier
6C8G Twin Triode 6.3 volt Heater Amplifier or Phase Inverter
6D6 Pentode 6.3 volt Heater Remote Cutoff Amplifier
6D8G Heptode 6.3 volt Heater Frequency Converter
6E5 Cathode Ray 6.3 volt Heater Tuning Indicator
6E6 Twin Triode 6.3 volt Heater Power Amplifier
6F5 Triode 6.3 volt Heater Amplifier
6F5G Triode 6.3 voit Heater Amplifier
6F6 Pentode 6.3 volt Heater Power Amplifier
6F6G Pentode 6.3 volt Heater Power Amplifier
6F7 Triode Pentode 6.3 volt Heater Amplifier or Converter
6F8G Twin Triode 6.3 volt Heater Amplifier
6G5/6H5 Cathode Ray 6.3 volt Heater Tuning Indicator
6G6G Pentode 6.3 volt Heater Power Amplifier
6H6 Twin Diode 6.3 volt Heater Detector
6H6G Twin Diode 6.3 volt Heater Detector
6}5 Triode 6.3 volt Heater Amplifier
6]5G Triode 6.3 volt Heater Amplifier
617 Pentode 6.3 volt Heater Detector or Amplifier.
6]7G Pentode 6.3 volt Heater Detector or Amplifier
618G Triode Heptode 6.3 volt Heater Frequency Converter
6K5G Triode 6.3 volt Heater Amplifier
6K6G Pentode 6.3 volt Heater Power Amplifier
6K7 Pentode 6.3 volt Heater Remote Cutoff Amplifier
6K1G Pentode 6.3 volt Heater Remote Cutoff Amplifier
6L5G Triode 6.3 volt Heater Detector or Amplifier
6L6 Tetrode 6.3 volt Heater Power Amplifier
6L6G Tetrode 6.3 volt Heater Power Amplifier
6L7 Heptode 6.3 volt Heater Mixer or Amplifier
6L7G Heptode 6.3 volt Heater Mixer or Amplifier
6N5 Cathode Ray 6.3 volt Heater Tuning Indicator
6N6G Duo-Triode 6.3 volt Heater Power Amplifier
6N6MG Duo-Triode 6.3 voit Heater Power Amplifier
6N7 Twin Triode 6.3 volt Heater Power Amplifier
6N7G Twin Triode 6.3 volt Heater Power Amplifier
6P7G Triode Pentode 6.3 volt Heater Amplifier or Converter
6Q7 Duo-Diode Triode 6.3 volt Heater Detector Amplifier
6Q7G Duo-Diode Triode 6.3 volt Heater Detector Amplifier
6R7 Duo-Diode Triode 6.3 volt Heater Detector Amplifier
6R7G Duo-Diode Triode 6.3 volt Heater Detector Amplifier
657G Pentode 6.3 volt Heater Remote Cutoff Amplifier
6T5 Cathode Ray 6.3 volit Heater Tuning Indicator
6T7G/6Q6G Duo-Diode Triode 6.3 volt Heater Detector Amplifier
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Type No. Structure Cathode Use

6US Cathode Ray 6.3 volt Heater TuninF Indicator
6U1G Pentode 6.3 volt Heater Remote Cutoft Amplifier
6V6 Tetrode 6.3 volt Heater Power Amplifier
6V6G Tetrode 6.3 volt Heater Power Ampilifier
6V1G Duo-Diode Triode 6.3 voit Heater Detector Amplifier
6W5G Twin Diode 6.3 volt Heater Full Wave Rectifier
6X5 Twin Diode 6.3 volt Heater Full Wave Rectifier
6X5G Twin Diode 6.3 volt Heater Fuil Wave Rectifier
6Y6G Pentode 6.3 volt Heater Power Amplifier
6Y1G Twin Triode 6.3 volt Heater Power Amplifier
627G Twin Triode 6.3 volt Heater Power Amplifier
62ZY5G 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 12.6/6.3 v. Heater Power Amplifier
12A7 Diode Pentode 12.6 volt Heater Rectifier Power Amplifier
12Z3 Diode 12.6 volt Heater Half Wave Rectifier
15 Pentode 2.0 volt Heater Amplifier
19 Twin Triode 2.0 volt Fitament Power Amplifier
20 Triode 3.3 volt Filament Power Amplifier
22 Tetrode 3.3 volt Filament Amplifier
24A 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
25L6 Tetrode 25 volt Heater Power Amplifier
25L6G Tetrode 25 volt Heater Power Ampilifier
2525 Twin Diode 25 volt Heater Rectifier Voltage Doubler
2526 Twin Diode 25 volt Heater Rectifier Voltage Doubler
25Z26G Twin Diode 25 volt Heater Rectifier Voltage Doubler
26 Triode 1.5 volt Filament Amplifier
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 Detector or Amplifier
37 Triode 6.3 volt Heater Defector or Amplifier
38 Pentode 6.3 volt Heater Power Amplifier
39/44 Pentode 6.3 volt Heater Remote Cutoff Amplifier
40 Triode 5.0 volt Filament Amplifier
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 Ampiifier
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 Crid 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 Crid Power Amplifier
T1A 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
7 Pentode 6.3 volt Heater Detector or Amplifier
78 Penfode 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
8] 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
B84/6Z24 Twin Diode 6.3 volt Heater Fuil Wave Rectifier
85 Duo-Diode Triode 6.3 volt Heater Detector Amplifier
89 Pentode 6.3 volt Heater Triple Grid Power Ampilifier
950 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-11 Triode 1.1 voit Filament Detector or Amplifier
WX-12 Triode 1.1 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

RAYTHEON MINIATURE LAMPS

RADIO PANEL TYPES

Type Bead L.Cc.L. MO.L.
Ne. Volts Amps. C.P Bulb Base Color Inches Inches

R40 6-8 0.15 05 T-31/4 Min. Screw Brown 29/32 11/8
R40-A 6-8 0.15 05 T-31/4 Min. Bayonet Brown 23/32 11/8
R4} 25 05 05 T-31/4 Min. Screw White 29/32 11/8
R42 32 05 0.75 T-31/4 Min. Screw Creen 29/32 1i/8
R43 25 05 05 T-31/4 Min. Bayonet White 23/32 11/8
R44 6-8 025 08 T-31/4 Min, Bayonet Blue 23732 11/8
R45 32 05 0.75 T-31/4 Min. Bayonet Green 23/32 11/8
R46 6-8 0.25 0.8 T-31/4 Min. Screw Blue 29/32 11/8
R48 20 0.06 003 T-31/4 Min. Screw Pink 29/32 1 1/8
R49 20 006 003 T-31/4 Min. Bayonet Pink 23/32 11/8
R49-A 21 0.12 007 T-31/4 Min. Bayonet White 23732 11/8
RS0 6-8 0.2 1.0 G-31/2 Min. Screw White 23/32 15/16
R292 29 0.17 03 T-31/4 Min, Screw White 29/32 11/8
R292A 29 0.17 03 T-31/4 Min. Bayonet White 23732 11/8

66 RAYTHEON

AUTOMOTIVE TYPES
Type Bead L.C.L. M.O.L.

No Volts Amps. C.P, Bulb Base Color Inches Inches

RS51 6-8 0.2 1.0 G-31/2 Min. Bayonet White 1/2 15/16
R55 6-8 04 1.5 G-41/2 Min. Bayonet White /2 11716

R40 R40A R50 R51 RS5S
R41 R43
R42 R44
R46 R45
R48 R49
R292 R49A

1% otR, 17 p1q
Z max! 2 MAX.

RAYTHEON TUBES FOR
SPECIAL APPLICATIONS

Raytheon develops and manufactures tubes of all kinds for industrial and
specia! 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.
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PLATE COLORS OF RAYTHEON

AMATEUR TUBES AT RATED

DISSIPATION

Watts Plate
Type Dissipation Color

RK-10 ................ 15 . No Color
RK-1V ... . 25 L No Color
RK-12 ... ... ... . ..., 25 e No Color
RK-18 ................ 40 Light Cherry
RK-19 . ............... e e No Color
RK-20A .. .............. A0 L, No Color
RK-21 ... ... ......... R No Color
RK-22 . ............... e e No Color
RK-23 .. ... .......... 10 ... No Color
RK-24 ... ... ........... 1.5 e No Color
RK-25 ... ............ 10 ..o No Color
RK-25B ................ 10 .. ., No Color
RK-28 ................ 100 ... Light Cherry
RK-30 ................ 35 Dull Cherry
RK-31 ... ... ........ 40 o Light Cherry
RK-32 ... ... .......... 50 .. Orange
RK-33 ................ 2.5 (oneplate) ......,. No Color
RK-34 ................ 10 (both plates) ..... No Color
RK-35 ................ 50 .. Lt. Yel. Red
RK-36 ................ 100 . ... ... .., Lt. Yel. Red
RK-37 ... ........... 50 L Lt. Yel. Red
RK-38 ................ 100 ................ Lt. Yel. Red
RK-39 ... ............. 25 No Color
RK-41 .. .............. 25 e No Color
RK-42 ... ............. e No Color
RK-43 . ... ............ e e No Color
RK-44 .. ... ........... 12 No Color
RK-45 . ............... 10 ... No Color
RK-46 . ............... 40 e No Color
RK-47 . ............... 50 ..., Dull Cherry

at center of plate if viewed in the dark.

RK-48 . ............... 100 ... ... Light Red
RK-49 ... ............. 21 e e No Color
RK-S51 .. ... . ... ...... 60 ..., No Color
RK-52 . ............... 60 ..., No Color
RK-100 ................ 1S . No Color
841 ... ... ... 12 . No Color
842 ... 12 . No Color
864 ... ... i No Color
866 ................ e, No Color
866A ... ... e, No Color
872A ..., —_

For colors and temperature equivalents see opposite page.
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COLOR SCALE FOR PLATE OPERATING TEMPERATURES

FOR

RAYTHEON AMATEUR TUBES

2370° F.

2190° F.

2010° F.

1830° F.

1740° F,

1650° F.

1560° F.

1470° F,

1380° F.

1290° F.

1200° F.

COLORS &

APPROX. TEMPERATURE

EQUIVALENTS

White
1300° C.

Yellowish-White
1200° C.

Light Orange
1100° C.

Orange
1000° C.

Lt, Yellowish-Red
950° C.

Yellowish-Red
900° C.

Light Red
850° C.

Light Cherry
800° C.

Cherry
750° C.

Dull Cherry
700° C.

Dull Red
650° C.

Brown Red
600° C.

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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