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FOREWORD

This Raytheon ‘HANDBOOK FOR AMATEUR TUBE USES" is the First Edition
of a new booklet which we believe will help the amateur to obtain the finest
results from his vacuum tube equipment. It is not the purpose of this manual
to duplicate the tables and information which fill the pages of such handbooks
as the AR.R.L.'s “The Radio Amateur's Handbook' and the *‘Frank C. Jones
Radio Handbook'. Such books should be near the operating table of every
amateur. In the Raytheon Handbook we have endeavored to cover the funda-
mentals of practical tube operation in a simple and yet complete manner so
that the amateur can use it as a guide in the design of his own transmitter
and as an aid in understanding the functions of each section of the transmifter.
Since the tubes are the heart of any transmitter, one of the first steps in de-
sign should be the choice of tubes of proper characteristics and ratings for each
stage. This Handbook which lists a complete line of tubes for every amateur re-
quirement should prove particularly useful in making this selection. The amateur
usually derives the greatest enjoyment if his outfit is entirely or largely of his
own design and it is our hope that this Handbook will contribute to the success
and reliability of such outfits.

History records that the first use for a vacuum tube was in a receiver circuit
and that the application of the tube for transmission came onlv after a long
period of debate over the possible merit of the vacuum tube as compared with
other methods of generating radio signals. For many years, the same tubes
were used for transmitting that were employed in receivers. In fact, this prac-
tice has been continued by the amateur of today with good, though limited
results.

Until a few years ago, the transmitting tubes available to the amateur were
designed primarily for the commercial field and for operation at long wave
lengths. Except for a few expensive European tubes the amateur could use the
10, 203A, or 204A, if we leave out the less efficient predecessors of these
tubes, or he could use a few receiving tubes of the output variety. Fortunately,
the 46 and 47 type tubes fitted amateur requirements nicely and were given
immediate application when introduced for receiver use.

During the winter of 1932-33, several engineer-amateurs of the Raytheon
organization decided that the amateur requirements had been neglected far too
long and that a program of development could be carried out which would pro-
vide the amateur with tubes really fitted to his requirements and at the same
time make new friends for Raytheon. Amateurs all over the world already
were familiar with Raytheon gas rectifiers including the type B and BH tubes
and the related famous ‘'S tube. Thus, early in 1933 with a background of
more than ten years of experience, Raytheon started the movement to give
the amateur the tubes needed for more efficient use of the high and ultra-high
frequency spectrum.

Amateurs today may wonder where sorie of the design ideas originated.
Practically all came from amateurs. The firit transmitter type of R-F pentode
capable of being modulated by the suppressor grid was suggested by the tech-
nical staff of the American Radio Relay League. High efficiency triodes, zero
bias Class B modulators, ““beam’* power tubes, etc., are all developments growing
out of the suggestions of the technical statf 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 will 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:

Etr —Filament or Heater Voltage
le —Filament or Heater Current
Ep —D-C Plate Voltage

E¢, —D-C Control Crid Voltage
Eco—D-C Screen Crid Voltage
Ecg—D-C Suppressor Crid Voltage
Ip —D-C Plate Current

ley —D-C Control Grid Current

ley —D-C Screen Crid Current
Re;—Control Crid Resistor (Crid Leak)
Rea—Screen Crid Resistor

RL —Load Resistance

Pa —Driving Power

Po —Power Output

Eac—A-C Plate Voltage

Eac—D-C Output 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 ...........ciiiinnn Isolantite
Plate ............. Carbonized Nickle
Bulb .........oiiiiiiiiin Soft Class
Plate Dissipation ........ ... 15 watts

Amplification Factor ........ 8

CLASS C—TELECRAPHY
SINGLE TUBE

3 . 15 volts
L 1.25 amp
PN 450 volts
Eel toeveennenreninoscenssensnssansassecnnsasears —100 volts
D et i i it i et 65 ma
'u e e e v 0 e e e st s s sse0 s s st es et esss s es e 15 ma
Rey (@pprox.) .......ooviiiiiininnnnennn. e 7000 ohms
L2 S 19 watts
PUSH-PULL—TWO TUBES
Ep  ceerereninnenotrttnronceronssteresaraneananns 450 volts
Ber veveiiiiintitiiiiineniiieciriinseanncenansa.. —100 volts
N 130 ma
el ceveeeeneceeseseereesenncansaerssoscnsaannnns 30 ma
Rep (BPProX.) ..ivi.ivenenetnerioaconeennasnsananes 3500 ohms
Lo SR T S 38 watts

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
line. The plate lead is brought out
the top of the bulb to reduce in-
terelectrode capacitances and to

RK-11

insure against voltage breakdown.
The RK-11
factor of 20 and is a general all
purpose triode that may be used
in any application where a tube of

has an amplification

its characteristics is desired.

The RK-12, with an amplifica-
tion factor of approximately 80,
is particularly applicable to zero
bias operation either as a double
or as a final amplifier for tele-
graphy. When used in this fashion
the driving power requirement is
extremely small, only two watts
for fifty watts output. At rated
plate voltage the plate current
without excitation of the RK-12
is so low that the tube is pro-
tected in case of failure of excita-
tion during the tuning-up process
or in subsequent operation.

Filament . ... ... ... ittt it ...Thoriated Tungsten
Plate ........ e e e ......Carbonized Nickel
Base ................. . N Isolantite
Bulb ... ..o teeererecasananes N Soft Class
Plate Dissipation ....... e TSN eo.. .25 watts
RK-11 Amplification Factor . .........covvviiiinnnnen e 20

RK-12 Amplitication Factor (approx.) ...... . e ebeeaeeeeee ...80

CLASS C—TELECRAPHY
SINGLE TUBE
RK-11 RK-12
3 e . 6.3 6.3 volts
U 3.0 3.0 amp
Epn oo P e 750 750 volts
2 e ie e e —100 (o] volts
| P e et 105 100 ma
[ S e receaatatttrecasenaaan 21 32 ma
Rey (approx.) ........iiiiieiiann. [ 5000 (o] ohms
Po ..., SN e . 55 50 watts
PUSH-PULL—TWO TUBES
RK-1t RK-12

Ep ittt i i i i it e 750 750 volts
| 3N e eet ettt —100 o] volts
| PN 210 200 ma
| PSS T N 42 64 ma
Rey (approx.) ...... e 2500 (o] ohms
Po ..... [N [ 110 100 watts

RAYTHEON ENGINEERING SERVICE 5



RAYTHEON AMATEUR TUBES

RK-51 RK-52

The RK-51 and RK-52 utilize
graphite plates for improved heat radia-
tion and freedom from mechanical
warping. The RK-51 with an amplifi-
cation of 20, is a medium g tube and

may be used as a general all purpose

an- amplifier at full ratings up to 30
megacycles. Although the RK-18 is
somewhat more expensive than some of
the newer type tubes because of its con-
structional features, its good operating
characteristics still make it an excellent

all purpose triode,

triode.

The RK-52 may be operated as a
doubler or amplifier at zero bias with

low driving power requirements (3.5

watts).

Filament ......... Thoriated Tungsten
Plate ..............c.00ul. Graphite
Base ................. ... Isolantite
Bulb ............. ..l Hard Class
Plate Dissipation ............ 60 watts

RK-51 Amplification Factor...20

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
RK-52 Amplification Factor (approx.)
150 Plate ....cieiiennnnnas Molybdenum
Base .......cci0ivinninnn Isolantite
Bulb ... iiiiiiiiieiann Soft Glass
Plate Dissipation ............ 40 watts
CLASS C—TELECRAPHY RK-18 Amplification Factor...18
SINGLE TUBE
RK-51 RK-52 RK-31 Amplification Factor (approx.)
3 2 N 1.5 75 volts 75
L 2 3.75 3.75 amp
2 1500 1500 volts
et vitiii i i i i e e e —250 0 volts
DD e i e et e 150 150 ma CLASS C—TELEGRAPHY
S 31 50 ma
Rer (8PProx.) .....iiiviin e 8000 (o] ohms SINGLE TUBE
Po e e e 170 150 watts RK-18 RK-31
3 15 1.5 volts
PUSH-PULL—TWO TUBES b i i e it e 3.0 3.0 amp
Ep ettt i ettt 1250 1250 volts
RK-51 RK-52 et oottt et e —160 0 volts
2 P 1500 1500 volts Bo e 100 10 ma
2 —250 (o] volts et e e e e e 12 38 ma
DDt ettt e i e i i e, 300 300 L S P B 13000 0 ohms
ler coeiiiii 62 100 L T 95 95 watts
Rer (BPProx.) ..ot iiiiiiinnnnnnnns 4000 0 ohms
Po ittt i it e i 340 300 watts
PUSH-PULL—TWO TUBES
RK-18 RK.31
RK-18  RK-31 Ep  iiitt i it i e, 1250 1250 volts
The RK-18 and RK-31 use molybdenum plates and since it is permissible Eey .........cieuiiiiiiineiineiiinnanna, —160 (o] volts
to operate molybdenum plates at higher temperatures than graphite or carbon- P 200 220 ma
ized nickel, the area of these plates 1s less per watt of plate dissipation. In L Y 24 76 ma
the case of the RK-18 this results in materially reduced interelectrode capac- Rey (approx.) ...........oiviviiiinieenns 6500 (o] ohms
itances. The RK-18 is an excellent high frequency tube and can be used as Po ...........cciiiiiiieeneinnenienanns 190 100 watts

RAYTHEON ENGINFERING SERVICE



RAYTHEON AMATEUR TUBES

RK-37

The RK-35 and RK-37 are tanta-
lum plate tubes with the grid
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.

The filaments of the RK-35 and
the RK-37 are adequately large to

RK-35

N meet the peak requirements de-

manded by high efficiency operation.

\ Filament ...... Thoriated Tungsten

\ Plate ................. Tantalum

g Base ................. Isolantite
Bulb ................. Hard Class

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

RK-35 Amplification Factor9

Vi
i RK-37 Amplification Factor
; 30
| ) CLASS C—TELECRAPHY
x SINCLE TUBE
RK-35 RK-37
Ee ......... 7.5 1.5 volts
le ......... 40 4.0 amp
Ep ... 1500 1500 volts
y Eey vvvvnnnns —250 —130 volts
| SN 15 115 ma
R AYTHE ler cevnennn. 15 30 ma
R Re; (approx.). 15000 5000 ohms
Mage 1 ¢ Po verrinn.. 120 122 watts
PUSH-PULL—TWO TUBES
RK-35 RK-37

Ep ......... 1500 1500 volts
Eep vovvnnnnn —250 —130 volts
Ip oo, 230 230 ma
ler covnen 30 60 ma
Re, (approx.). 7500 2500 ohms
Po ....uue, 240 244 watts

RK-36 RK-38
(See Next Column)

The RK-36 and RK-38 are larger editions of the RK-35 and RK-37 and have
the same advantages already described for those tubes. The RK-38 is a higher
4 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.

............. Gttt iieaeiiena.....Thoriated Tungsten
.......... ettt ee et ettt eeeaeaasa.. . Tantalum
Ceie s iese e aaans [ I e, Isolantite
F T PSP Hard Class
Plate Dissipation ..........c.00uvuueunn.. e e e 100 watts

RK-36 Amplification Factor ........ et e e e 14

RK-37 Amplification FACtOr . .........ccouiiunneeiiinnnninnnn, 30

CLASS C—TELECRAPHY
SINGLE TUBE
RK-36 RK-38
Ee il P RN 5 S volts
le e e 8 8 amp
Ep N e et e 2000 2000 volts
Eey ..., e e teveeseess  —360 —200 volts
I i i e et e i e 150 160 ma
fer veiiiiiiina, et eet it 30 30 ma
Rey (approx.) ........... e 12000 6650 ohms
L P 200 225 watts
PUSH-PULL—TWO TUBES
RK-36 RK-38
Ep i i i e e c e e 2000 2000 volts
Eer vttt ittt i i it eiaeaeae...  —360 —200 volts
Ip i e 300 320 ma
|e1 D T T 60 60 ma
Rey (8PProX.) ..ovuiiiiinniiiennenniennnnn. 6000 3325 ohms
Po i i ettt e e 400 450 watts
2 3000 3000 volts
Eer cvviiniiiiiiiiiiserneernneienaaa. —540 —300 volts
I et e e e i e 330 330 ma
Lol i i e i et i e 60 15 ma
Rq R I I RN R S P R Y s .

*Full battery bias or battery bias to cutoff and remainder resistor bias.

RAYTHEON

RAYTH

ase ™

R-F POWER AMPLIFIERS—CONTINUED

PENTODES Pentodes are used as crystal oscillators, buffer amplifiers, and in

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

Modulation of pentodes can take place by simultaneous modulation of the
plate and screen or by modulation of the suppressor grid. Suppressor grid
modulation is one of the simplest and most fool proof modulation methods that
has been devised. The audio power required for suppressor modulation is very
small and can be supplied from a very low power modulator. The RK-28, for
example, which is the highest power pentode in the Raytheon Amateur line,
requires less than 2 watts of modulating power for a carrier output of 60 watts.

Because of the very low driving power requirements, even high power pen-
todes can be successfully operated as crystal oscillators, either as straight os-
cillators or in circuits such as the Tri-tet.

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

RK-23 RK-25 RK-25B

(See Next Column)

The RK-23, RK-25, and RK-25B «are low power pentodes. The RK-23 has a
2.5 volt heater; the RK-25 and the RK-258 have 6.3 volt heaters. The RK-258
is identical with the RK-25 except for the base which is of bakelite and may be
used in applications where an isolantite base is not considered necessary.

These tubes are particularly suitable for use as crystal oscillators, frequency
doublers, or buffer amplifiers. The control grid to plate capacitance is so low
that neutralization is unnecessary in any amplifier application. These tubes also
offer the possibility of suppressor grid modulation either as final amplifiers or
as drivers for Class B linear stages. The output of a single tube, suppressor
grid modulated, is more than adequate to drive an RK-37 as a Class B linear
amplifier with a carrier output of 50 watts. At the low frequencies (1.7 to
3.5 megacycles) one tube, suppressor modulated, can drive two RK-37'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 ...... e Carbonized Nickel
Base—RK-23 and RK-25..... Isolantite
Base—RK-25B .............. Bakelite
Bulb ........... ... ..., Soft Glass

Plate Dissipation

CLASS C—TELECRAPHY
SINGLE TUBE

RK-25
RK-23 RK-258
Ee oo . 2.5 6.3 volts
| 20 0.9 amp
| . . 500 volts
EBep vevieiiinnnn —90 volts
Eew eeevncaannns 200 volts
Eey vvvveinannnn o] volts
Ip eeeeiiii 50 ma
Tea oeveninnnnnn 40 ma
leg veeeieennnnn 4 ma
Rey (approx.) 22000 ohms
Reg coeennennnnn 7500 ohms
Po i 18 watts
PUSH-PULL—TWO TUBES
En . i, 500 volts
Eet vovviniins —90 volts
| P . 200 volts
Eeg vivennennnn 0 volts
lp oo 100 ma
lea vivivine, 80 ma
ley ceiieeia 8 ma
Rey (approx.) 11000 ohms
Rez vovvnnnnnnnn 3750 ohms
Po vevevnnnnnn . 36 watts

RAYTHEO

.
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RK-20A

The RK-20A is a medium power pen-
tode adaptable to many classes of serv-
ice and is an improved form of the RK-
20, the original amateur r-f power
pentode. Its pentode features make it
particularly applicable to multiband
transmitters where the number of tubes
and circuits must be kept to a mini-
mum,

Suppressor grid modulation may be
used and will give a carrier output of
21 watts with only 1 watt of audio in-
put. The small amount of audio equip-
ment required and the ease of adjust-
ment make modulation in this manner
particularly attractive.

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

Filament ........ .Thoriated Tungsten
Plate .............. ... Molybdenum
Base ............. ... Isolantite
Bulb .................... Hard Glass

Plate Dissipation cereee.. .40 watts

CLASS C—TELECRAPHY

SINCLE TUBE
Ee ..... e 15 volts
e ottt 3.25 amp
Ep ... v . 1250 volts
| 2 P —1 volts
Ees .. .. 300 volts
Bes «cvvvevenee. +445 volts
Ip i 92 ma
ler vvvieennnnnn 11.5 ma
€2 e 36 ma
Rey (approx.) . 10000 ohms
Po iviiiiinnnnn 84 watts
PUSH-PULL—TWO TUBES
Ep coievncannnn 1250 volts
Eep vvvennnnnn -1 volts
| P 300 volts
Eeg ov.. eveie. 45 volts
Ip eeveonnnenns 184 ma
leg ceeenvoaanes 23 ma
leg cevvennnnnns 72 ma
Re; (approx.) ... 5000 ohms
Po civienennns 168 watts

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 Class
Plate Dissipation ....100 watts

CLASS C—TELECRAPHY
SINGLE TUBE

Er .cvvvevee.. 10 volts

lt ciiivienes S amp

Ep ......0.... 2000 volts

€ vveenn....—100 volts

Ecs veveveen... 400 volts

Eeg vvvveeene.. +45 volts

Ip eeeveeine.. 150 ma

leg covvnennnns 13 ma

leg eveveneness S5 ma

L Re; (approx.)... 8000 ohms
: Po ooviviins 210 watts

PUSH-PULL—TWO TUBES

RAYTHEON

MALE N U BN Ep Cereseeens . 2000 volts
Ecy ovnnn . . —100 volts
Eea ..... ceee.. 400 volts
Eeg cvvivnnnnnn +4-45 volts
Ip vveeevee... 300 ma
ler eevennenens 26 ma
leg vevvveennss 110 ma
Rey (approx.)... 4000 ohms
Po vvviiiil. 420 watts

R-F POWER AMPLIFIERS—CONTINUED

ALICNED CRID TETRODES—BEAM TUBES The aligned grid tetrodes make

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

value.
RK-49

(See Next Column)

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

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

8 RAYTHEON ENGINEERING SERVICE



RAYTHEON AMATEUR TUBES

RK-49 (Cont.)

Filament ............ Heater Cathode
Plate ............. Carbonized Nickel
Base ........... ... ... Isolantite
Bulb .......... i .....Soft Class
Plate Dissipation ........... 21 watts

CLASS C—TELECRAPHY

SINCLE TUBE
Ee .oiivenenn. 6.3 volts
le ..... 0.9 amp
Ep vovivvninnan. 400 volts
Eci vovvevennnn, —50 volts
Ecg vovnnnn e 250 volts
lp e 95 ma
leg eveveencnnen 3 ma
lea vvvvennonn .. 8 ma
Re; (approx.) ... 15000 ohms
Recs (approx.) ... 20000 ohms
Po oo, 25 watts

PUSH-PULL—TWO TUBES

Ep e 400 volts
[ —50 volts
Eez vviieiinnnnn 250 volts
| T N 190 ma
| 1S T e 6 ma
| 16 ma
Re; (approx.) ... 7500 ohms
Rez (approx.) ... 10000 ohms
Po oo, 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.

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.

solantite
Soft Class
............ 25 watts

CLASS C—TELECRAPHY

SINGLE TUBE
RK-39 RK-41
Ee ........ oo, 63 2.5 volts
le viiieinenn .. 09 24 amp
Ep P N 600 volts
Eeiv vovvvnnnn . —90 volts
Bey vovnnnnn e 300 volts
lp e, 93 ma
leg wveeennnn. .. 3.0 ma
leg vevviinnnans 10 ma
Rey (approx.) ... 30000 ohms
Rc, (approx.) ... 30000 ohms
Po viiviiiinn, 36 watts

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-
cillator is not recommended.

Filament ......... Thoriated Tungsten
Plate ................. Molybdenum
Base .................... Isolantite
Bulb ........ ... ... .. Hard Class
Plate Dissipation ............ 50 watts

CLASS C—TELECRAPHY

SINCLE TUBE
Ee ..., 10 volts
L e 3.25 amp
Ep ... 1250 volts
Eer vl —70 volts
Eeow oovivvant, 300 volts
oo e 138 ma
ley e 7 ma
leg v 14 ma
R, (approx.) ... 10000 ohms
Po i 120 watts

PUSH-PULL—TWO TUBES

En ..... 1250 volts
Eep oo, -—10 volts
Eeo i 300 volts
In e 276 ma
ley venniin.. . 14 ma
| I e 28 ma
R., (approx.) ... 5000 ohms
L 240 watts

Ep vivvninnnnn, 600 volts
Eep vovvvvenee. —90 volts
Eog vovvennnnn 300 volts
lp . Ceeaeen 186 ma
|n[ D I I I 6 ma
beg vevvnvnnaans 20 ma
Rey (approx.) ... 15000 ohms
Reg (approx.) ... 15000 ohms
Po viviinieenns 72 watts

RAYTHEON

ENGINEERING SERVICE
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RK-48 RK-34

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 modulation of this tube is
permissible under proper conditions.
Its use is not recommended as a
crystal oscillator. Two RK-48's in
push-pull will give 500 watts output
and the driving power may be sup-
plied by a crystal oscillator using
one RK-49. The plate voltage for
the RK-49 may be obtained from the
screen voltage supply for the RK-

48's.

Filament ...... Thoriated Tungsten
Plate ........ e Molybdenum
Base ................. Isolantite
Bulb ................. Hard Class
Plate Dissipation ........ 100 watts

CLASS C—TELECRAPHY

SINGLE TUBE

= RIS e Ee ......... 10 volts
— | 5 amp
Ep oo, 2000 volts
R Eq ......... —100 volts
! Bes vvevvnnnn 400 volts
[N 180 ma
by v 8 ma
leo v 27 ma
RAYTHEON Rey (approx.). 12500  ohms
mane N Ul Po ...l 250 watts

PUSH-PULL—TWO TUBES
~ Ep ...l 2000 volts
Eey ooiin —100 volts
| T 400 volts
| 360 ma
ley wovivnnnn 16 ma
bey vvvvvnnn 54 ma
Re; 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

“RAYTHEC

(See Next Column) - PN
FRTRLE

The RK-34 is a twin triode similar in characteristics to the type 6A6 but is '
adaoted to push-pull ultra high freauency operation as it has an isolantite base
and the plate connections are brought out to two separate terminals at the top
of the bulb. This makes the tube particularly adaptable for use in tuned-grid,
tuned-plate oscillators using long lines in the grid and plate circuits. The op-
timum load impedance of the RK-34 is low which results in improved tank
circuit efficiency. The physical dimensions of the RK-34 are small enough to
permit efficiernt 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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(Cont.)

Filament ............... Heater Cathode
Plate ............ ....Carbonized Nickel
Base ............. e Isolantite
Bulb ............. e Soft Class
Plate Dissipation (per triode) ... .. S watts
Amplification Factor ........... 13

RK-30

PUSH-PULL OSCILLATOR

6.3 volts
0.8 amp
e . 300 volts
ieeiriiaae.  —36 volts
........... . 80 ma
....... ceaes 18 ma
....... e 2000 ohms
........... . 14 watts

The RK-30 is an excellent ul-
tra high frequency triode due to
its low interelectrode capaci-
tances and the position of the
grid and plate leads which are
brought out through the top of
the bulb. This feature permits
the use of extremely short con-
necting leads to an external in-
ductance and as a result the ul-
timate frequency of this tube
with the shortest circuit pos-
sible between the grid and plate
is in the vicinity of 300 mega-
cycles.

The tube may be safely oper-
ated at full rating up to 60
megacycles, at 120 megacycles it
may be operated at a plate volt-
age of 1000 volts; beyond 120
megacycles the plate voltage
should not exceed 750 volts.

Filament ...Thoriated Tungsten

Plate ........... Molybdenum
Base .............. lsolantite
Bulb ...... PN Soft Glass

Plate Dissipation .....35 watts
Amplification Factor...15

CLASS C—TELECRAPHY
SINGLE TUBE

Et vovevvene.s 15 volts
e coeeenn. ... 325 amp
Ep cevinininnnn . 1250 volts
Eep vvvvnnnnnnn —180 volts
Ip veveveveses. 90 ma
let voevennnn .. 18 ma

Re; (approx.)... 10000 ohms
Po vvvveeev... 83 watts

PUSH-PULL—TWO TUBES

Ep ooveinnnnn . 1250 volts
Eep vovevvnnnen —180 volts
Iy oeeoveoi... 180 ma
| 36 ma

Rey tapprox.)... SO000 ohms
Po ccovievn... 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-

RK-43

The RK-43 is a twin triode which can be success-
fully used as an ultra high frequency push-pull oscil-

lator in small, light-weight equipment.
voltage of this tube is 1.5 volts for operation from a
single dry cell or flashlight battery.
used as a combined super regenerative detector and
a-f amplifier in small receivers.
lar favor as an oscillator for balloon weather equip-
ment because of its light weight and low power re-

quirements,

The filament

It can also be

It has found particu-

cycles. The plate voltage Sho".‘ld Filament ... ... ........... Oxide Coated
be reduced proportionately with Plate Nickel
frequency to a plate voltage of | Y, . yi} & TE otooorrrorromesonssesneens
Base ............. .. Bakelite
750 wvolts at 300 megacycles.
X Bulb . ... . ... Soft Class
The high frequency limit of this
g Plate Dissipation tper triode)....0.5 watt
tube with the smallest possible .
. ) K Amplitication Factor . .......... 13
external circuit is approximately
400 megacycles. PUSH-PULL OSCILLATO
-PU TOR
Filament ...Thoriated Tungsten € 1.5 volts
Plate ............. Tantalum [ 0.12 amp
Base .............. Isolantite Ep oot 135 volts
Bulb .............. Hard Class [ .20 volts
Plate Dissipation ...... 50 watts e e 14 ma
Amplification Factor...!1 Ter e 3 ma
R., lapprox.} ...... 7000 ohms
CLASS C—TELECRAPHY Py 1.2 watts
SINGLE TUBE
Ee ..., 1.5 volts
e, 325 amp RK-24
Ev ... .. . 1250 volts
Eet vvvvnnl. —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 .
lar e 14 ma losses and a larger filament to permit higher space -
Re, tapprox.)... 16000 ohms currents and hence greater output than the type
Po ..... 9 watts 30. It may be operated satisfactorily at the maxi- ) l
"""" mum ratings at 60 and 120 megacycles. i
PUSH-PULL—TWO TUBES Filament ................. Oxide Coated k
Ep il <o 1250 volts  pjare . LIl . Nickel \
Eer ool --225 volts gase ....................... Slsfolagltite |
lp oo, ulb . oft Class
Ip ;go ma Plate Dissipation e 1 watt
R‘», 'app o‘ ) .. 2000 hma Amplification Factor ............. 8
.t rox.) ... ohms
v ! !
Po L 180 watts CLASS C—TELECRAPHY \ AT
SINGLE TUBE e /’
EC o, 2.0 volts \ [< )
e 0.12 arrp (A
Ep o 180 volts ;
ULTRA HIGH FREQUENCY TUBES FOR £, LI —45, volts
[T . a
PORTABLE ley o 6.0 ma
EQUIPMENT Re, tapprox.) ... ... 7500 ohms i
Tubes of this type are designed with especially efficient emitters to reduce Po e watts l o
filament batteries to a minimum. They must also be of rugged construction -
to withstand the shocks that are sure to be part of such service. PUSH-PULL—TWO TUBES T
Epw oo 180 volts
Eev --45 volts
RK-42 [T 33 ma
lev o 12 ma
The RK-42 is a triode which will find application R.-I. tapprox.) ...... 3750 ohms
where small, light-weight equipment is required. Its F 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.

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

.......................... Oxide Coated
Nickel
................................. Bakelite
R . .Soft Class
Plate Dissipation ........................ 0.7 watt
Amplification Factor ..................... 8

CLASS C—TELECRAPHY
SINGLE TUBE

Filament
Plate

volts
amp
volts
volts
ma
ma
ohms
watts

volts
volts
ma
ma
ohms
watts

economical

Plate Dissipation

Amplification Factor (approx.)
80

RAYTHEON ENGINEERING SERVICE

Thoriated Tungsten

Carbonized Nickel

CLASS B AUDIO TUBES

Tubes for Class B audio service are usually very high-mu triodes to reduce
the driving power requirement
to eliminate the need for a bias supply.
compromrse hetwecen high-current, low-voltage tubes for low load impedances
and high-voltage, low-current tubes for good plate circuit efficiency.

It possible, they should operate at zero bias
Usually, it is necessary to effect a

RK-12

1See lllustration under R-F Power Amplifiers-—Triode Section)

As Class B audio amplifiers two RK-12's are capable of modulating 200
watts of input to a Class C stage.
nates the complications of a bias supply and minimizes driving power. The
load resistance required 1s low which insures against low frequency attenuation
in the output transformer.
100-watt amplifier.

The tubes operate at zero bias which elimi-
The use of RK-12's in Class B results in a very

A-F POWER AMPLIFIER—CLASS B
PUSH-PULL—TWO TUBES

Ev ... 750 volts
..... Isolantite Eer e 0 volts
...... Soft Class ) 200 ma
ey o 65 ma
------- 25watts p, 34 watts
Ri. ‘P to P 9600 ohms
P i 100 watts

1
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RK-52
(See Illustration under R-F Power Amplifiers—Triode Section)

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

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

Plate ................... Graphite PUSH-PULL—TWO TUBES
Ep ..ol 1250 volts
Base .................. Isolantlte [ S 0 volts
BUD vttt Hard Class 1o -cononnone 300 ma
ley oot 180 ma
Plate Dissipation ......... 60 watts p, 7.5 watts
Amplification Factor (approx.) Ri. (PtoP).... 10000 ohms
150 Po ... 250 watts

RK-31

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

The RK-31 is a double grid Class B tube capable of modulating 320 watts of
input to a Class C amplifier. The double grid feature gives these tubes an un-
usually high power gain by reducing the driving power required.

Filament . ....... Thoriated Tungsten A-F POWER AMPLIFIER—CLASS B
Plate ............... Molybdenum PUSH-PULL—TWO TUBES

Ep ..., 1000 1250 volts

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

BUb ..i.iie Soft Glass s - -.oo.n 220 230 ma

ley oot 76 65 ma

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

Amplification Factor (approx.) Pa oo 37 44  watts

75 Po . 160 190 watts

RK-37 RK-38
(See lllustrations under R-F Power Amplifiers—Triode Section)

intended for radio frequency

Although the RK-37 and RK-38 are primaril
lass B modulators.

spplications they may be successfully used as

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 .........o.c.u.n. Hard Class 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

En ... ... 1250 volts E, .......... 2000 volts
EBey oiveninnn —35 volts  Eey .......... —52 volts
Ip o 235 ma lp ... 265 ma
| P 60 ma bev  eeeiean 39 ma
Ri, (PtoP).... 18000 ohms Rp (PtoP).... 16000 ohms
Pa o 7.2 watts  Pa .......... 5.8 watts
Po .......... 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 B66A but will deliver the same d-c output current. The maxi-
mum peak inverse voltage of the 872A is the same as that of the 866A but the
872A will deliver considerably more d-c output current.
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866
Ee ot 2.5 volts
le oo 5 amp
FULL-WAVE RECTIFIER
—TWO TUBES
MAXIMUM RATING
Choke Condenser
Input  Input

Eac (RMS) 2650 2650 volts
Eie .oovvvnnn 2385 3000 volts
lae o . 500 250 ma

RAYTHEON ENGINFFRING SERVICE

866A
Ee ..... Ceireieae.. 25 wvolts
L e 5 amp
FULL-WAVE RECTIFIER
~—TWO TUBES
MAXIMUM RATING
Choke Condenser
Input  Input
Eae (RMS) 3535 3535 volts
Eic o.ovivnl 3180 3950 volts
fae vovnnonn.. 500 250 ma




RK-19

Ee i 7.5 volts
e oo 25 amp

FULL-WAVE RECTIFIER

—ONE TUBE
MAXIMUM RATING
Condenser

Input
Eac (RMS) (per plate) 1250 volts
lae oo 150 ma

RAYTHEON AMATEUR TUBES

872A

FULL-WAVE RECTIFIER
—TWO TUBES

MAXIMUM RATINGS

Choke Condenser
Input  Input

3535 3535 volts
3180 3950 volts

(RMS)

N 25 0.6 amp

HIGH VACUUM RECTIFIERS

RK-19 RK-21

RK-22

The RK-19, RK-21 and RK-22 are high vacuum rectifier tubes for use in d-c

power supplies delivering approximately 1000 volts d.c.

Each of these tubes

has a low internal voltage drop approaching that of mercury vapor type tubes

and does not generate r-f nois

e.

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

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

lent to one diode of an RK-22.

RK-22

Ee ... 2.5 volts
le oo 8 amp

FULL-WAVE RECTIFIER

—ONE TUBE
MAXIMUM RATING
Condenser

Input
Eae (RMS) per plate) 1250 volts
lae ool 150 ma

RAYTHEON ENGINEERING SERVICE

HALF-WAVE RECTIFIER
—ONE TUBE

MAXIMUM RATING

Condenser
Input
Eae (RMS) ... ..., 1250 volts
lde voviiiniin 150 ma

13
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TUBE MANUFACTURE

Fundamentally there are three main steps in the manufacture of tubes,
mechanical fabrication and assembly of the parts, preliminary cleaning and de-
gassing of the parts, exhausting and other processing of the assembled tube

PARTS PREPARATION The first assembled part of the radio tube is the glass
stem upon which the tube elements are later to be
supported. A short length of large diameter glass tubing first has one end flared
out for subsequent sealing to the neck of the bulb. Then the straight end of
this tube is placed over the metal supports and lead wires and over a smaller
glass tube through which the gases will be later pumped out of the bulb.

GCas flames are applied to the straight end of the glass stem and when the
glass bccomes soft and molten, it is pressed tightly around the wires, making
a vacuum tight seal. At the same time the exhaust tube i1s 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 3 vacuum. They are held at an incan-
descent temperature for sufficient time to drive off the gases which have been
present in the metal since its manufacture and when removed from the furnace
they are both spotless and gas free. The insulators such as mica, lava and mag-
nesia are inspected for mechanical imperfections and then heat treated at the
required temperature to remove a maximum of gas without altering the com-
position of the material.

ASSEMBLY The final assembly upon the glass stem of the grid, plate, filament,
spacers and insulators 1s known as the “'mount assembly’. Trained
operators spot-weld together the various tube elements by holding the parts
between the jaws of a pressure type electric welder. Perfect alignment of each
part is assured by the use of jigs and fixtures that hold the parts in the proper
relation and keep them from moving while the weld is being made. The parts
are never touched by the fingers during these operations and every effort is
made to prevent moisture, oil or dust from contaminating the metal surfaces.

A last careful inspection of the mount is made, it is slid inside the glass
envelope and placed on the sealing machine. Cas and oxygen flames are ap-
plied to the neck of the bulb while the bulb and mount are rotating together.
The bulb neck becomes molten and shrinks into contact with the flared end
of the glass stem of the mount assembly and as the two melt together the
bulb neck is cut off and the seal worked to insure a good joint. After a slow
annealing and cooling. the tube for the first time presents an almost finished
appearance, all its internal parts are in place inside the glass bulb, the only
remaining opening being the small bore of the exhaust tube.

EXHAUST The exhaust process is the series of treatments during which the

tube is pumped free of air, the inner parts given a final heat treat-
ment and degassing and the tube permanently sealed air tight. During the
process every possible molecule of gas is driven from the metal parts, the in-
sulators, the glass stem and the bulb by subjecting them for long periods to as
high temperatures as the parts will stand. When the exhaust is complete the
tube is gas free and will continue to be gas free even though overloads cause
the plate and grids to reach relatively high temperatures.

A typical exhaust apparatus for amateur high vacuum tubes includes a motor
driven, oil immersed. vacuum pump, a mercury vapor pump, liquid air impurity
traps. a power supply capable of delivering filament, grid and plate potentials
at any desired voltage and current and a large radio frequency generator or
‘‘bombarder’. The tube to be exhausted has its exhaust tube heated and sealed
onto the glass manifold connected to the mercury vapor pump. After a check
to insure that all connections throughout the glass system are vacuum tight
the pumps are started and the air is soon removed from the tube.

The filament is now carbonized and activated in order that it may be ready
to supply an abundance of electrons for the exhaust process to follow. Initially
the filament is made up of pure tungsten wire within which a small percentage
of thorium oxide has been compounded. In order to give this wire the emitting
properties of thoriated tungsten, the filament is flashed at a very high tem-
perature (2500°C) for a short time, then lighted in an atmosphere of hydro-
carbon gas such as acetylene, pyrofax or coal gas. Carbon from the hydrocarbon
gas is absorbed by the tungsten wire and helps to reduce the thorium oxide to
metallic thorium. This thorium diffuses between the tungsten crystals to the
surface of the wire and becomes the active emitting area with an emissivity
about 1000 times that of pure tungsten wire. The gas is pumped out and the
filament is lighted at approximately 1700°C long enough for a state of equilib-
rium to be reached.

Next, the tube is enclosed in an oven and baked at just below the tempera-
ture at which the glass walls of the tube would soften and collapse. The vac-
uum pumps operate steadily during the bulb baking, removing the gases freed
from the glass walls of the bulb. Now the oven is removed and the process of
heat treating the metal parts begins. A coil made of copper tubing and approxi-
mately the size of a 40 meter tank inductance 1s 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
i1s drawn off by the vacuum pumps and after sufficient treatment the gas pres-
sure is reduced to a very low value. The r-f coil is then removed and the tubc
filament 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 1s pumped away and the temperature raised until finally at the highest
temperatures no sign of gas is present. With the parts at this incandescent
temperature the tube is cooked for some time with the pumps operating to
withdraw the last traces of gas liberated from the innermost parts of the metal
and from the bulb wall. Finally the process is completed and the voltages
removed.

If the tube contains a getter pellet, the r-f coil is slid into position to heat
the getter container. At a red heat the barium or other chemically active metal
in the getter vaporizes and condenses on the bulb wall. A large proportion of
the few remaining gas molecules in the tube combine with the getter and are
held in inactive form. This getter deposit will remain active indefinitely and
as gas molecules from the grid and plate metals or the glass or insulator sur-
faces free themselves slowly during tube operation. they will be caught by the
remaining active getter. A small, sharp pointed flame is next applied to the
small'exhaust tube and as the glass at this point is melted the completed radio
tube is pulled away from the manifold and sealed off vacuum tight.
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The base and the mctal caps for the tube are filled with a special cement
and the lead wires threaded into the correct base prongs. The basc and cap
cement 1s 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.

SEASONINC AND TESTINGC The tube is not yet completely ready for service
The filament has been lighted at overvoltage dur-
ing the element heating process and in the presence of some gas. In order to
assure full electron emission, every part of the filament must be clean and
active and so, as the next trcatment, the filament activation and stabilizing
is performed. During the stabilizing or ‘‘aging’ process the filament is operated
first at an abnormally high temperature to clean the surface and to accelerate
the diffusion of thorium to the surface and then for a considerable length of
time at normal temperature until a state of equilibrium in the filament s
achieved with the surface of the filament fully coated with active thorium.
Mechanical and electrical inspections are the last operations. Tubes are
checked by skilled operators for length, appearance, loose particles, and me-
chanical imperfections. The filament is lighted and the alignment of the grids
and other structure is checked. A tube which passes the mechanical test is
next due for a complete electrical performance test. If the tube is intended for
r-t 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
hmits are set aside and scrapped. Unless a tube passes every requirement the
bulb is tzjroken up, the more valuable metal parts are salvaged and the remainder
1s junked.

TUBE ELEMENTS

A radio tube, or vacuum tube, is a vacuum device in which electric current
flows as a stream of electrons through the evacuated space from one electrode
to another. A HIGH VACUUM TUBE is one in which the degree of vacuum is
so high that the characteristics of the tube are not affected by gas ionization.
Most radio transmitting tubes are of this class. A GAS TUBE is one which has
a gas filling, usually at relatively low pressure, and in which gas ionization is
essential to the normal operation of the tube. Types 866 and 872A are
examples of this class.

CATHODE The cathode is the electrode which supplies the electrons necessary

for the operation of the tube. In general the cathode must be
heated to obtain sufficient emission of electrons. A FILAMENTARY CATHODE
is in the form of a wire or ribbon through which heating current flows and is
sometimes called a '‘directly heated' cathode. In most transmitting tubes and
particularly in high power tubes, the cathode is a filament of thoriated tungsten
and is normally operated at a 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 pecultar 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 olates. The RK-10, RK-I1 and RK-39 have carbonized nickel
plates. The RK-51 and 52 use carbon or graphite plates while the plates of tubes
like the RK-32, RK-36, etc. are of tantalum.

CRID A grid i1s an auxiliary clectrode placed betwcen the cathode and the

plate and is of such form that the electron stream can flow through
it. It usually consists of a spiral of wire fastened at each turn to one or more,
usually two, longitudinal support wires. In cross-section, the outline of a grid
may be circular. oval or rectangular. Crids 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
1 grid being adjacent to the cathode. A CONTROL GCRID, or input grid, is one
to which an input signal voltage is applied and which modulates the main
clectron stream in accor ‘ance with the input signal. A SCREEN CRID is an
auxiliary grid placed between the control grid and the plate and operated at a
positive d-c voltage with respect to the cathode. Besides accelerating the
electrons toward the plate. a screen grid acts as an electrostatic shield and re-
duces the capacity between the plate and the control grid. A SUPPRESSOR
GRID i1s 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 ALICNED 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 the electrons to
flow in flat beams between successive turns of the aligned grids. Since the
screen grid wires are out of the direct path of the electrons. fewer electrons
reach the screen grid and the screen grid current 1s lower than that of similar
tubes without aligned grids. This permits more cfficient utilization of the total
space current since much of the current that was formerly collected by the
scrcen grid is now available for the plate.

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

TUBE APPLICATION AND CIRCUITS

RECTIFIERS iIn 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 value 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 instantaneous
peak value of plate voltage that should be applied to the tube during the
half-cycle when the plate is nega-
tive and the tube i1s not conduct-
ing 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.

TYPICAL HALF WRVE RECTIFIER
c/rRCUIT

'

A typical half-wave rectifier cir-

cuit is shown in Fig. Bl and a typ- LL§§
wcal full-wave rectifier circuit in §k
Fig. B2. A condenser input filter 3
1s shown in each circuit. It C, _.R>
were omitted the filter would be a " t
choke input filter. With condenser 60~ N
input the d-c output voltage will
be higher and the regulation over "
the working range poorer than Q
with choke input. Increasing the
capacity of C, will increase the d-c
output voltage but will also in-
crease the peak plate current
Some filter circuits employ two
chokes in series, as shown in Fig.
B2 to further reduce the hum
voltage.
TYPICAL FULL WRAVE RECT/IFIER CIRCUIT
+
v TOOUTPUT
L, L,  STAGE
» - 15v36 1TQQ0 IT70 orer
6"0,\, §§ i . 20h 30h TUBES
§ oT\ %] /J&; [ oc oureur
>§ 2-8uf— VOLTAGE
FlG. B2
AMPLIFIERS Vacuum tubes operate as amplifiers in several ways. Although

the fundamental principle of the amplifier remains unchanged,
the results obtained and their applications are quite different. In general, am-
phtiers 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 tirst con-
sidered.

TYPICAL RESISTANCE COUPLED R-F AMPLIFIER CIRCUITS
PENTODE

TRIODE

0 GRID TO GRID
or OF
FOLLOWING FOLLOWING
TUBE TUBE
R6
£

16

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

An amplifier stage may use one tube or two tubes connected in parallel or in
push-pull. In a PUSH-PULL AMPLIFIER stage the two tubes are connected in

TYPICAL PUSH-PULL POWER RMPLIFIER -CLASS AB»

DRIVER
72 OR6F6G 92's Ok 6F6Gs
TRIODE PENTODES
15/{[_4
[ 70
TRANSFORMER SPERKER
RATIO PRIVARY X
A-F 70 Yy SEC+ 1.67 %
INPUT N 4
>
+375Y
Fl6. 85 +250"

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

A PHASE INVERTER circuit is shown in Fig. B6. The signal voltage for triode
R is obtained from the tap. P, on the resistor, Rg, in the

TWIN TRIODE PHASE //YVEPTEJ'[E

TRIODE L TewobER T U
\éF—F’l//

%&
. %L
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 voltage is approximately
equal to the grid bias and no grid current flows during any portion of the
cycle, although this is not a necessary condition for CLASS A operation. The
subscript 1, as in Class A,, is sometimes used to indicate that no grid current
flows during any part of the input cycle.

Fig. BT shows the section of the plate current vs. plate voltage family of a
triode operated as a CLASS A amplifier. THE LOAD LINE represents the rela-
tion between the instantaneous values of grid voltage, plate voltage and plate
current during a cycle. Its slope is numerically equal to the reciprocal of the
effective a-c impedance in the external plate circuit. Since this impedance is
chiefly resistive, it is commonly referred to as the LOAD RESISTANCE, Ri.
The operating point, O, 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 vailue 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 approx:-
mately from the relation:
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(Enus)? 0.707 (Emax—Eu)2 0.707 (Eo—Ewmin)?
Power Output = = = (811
RL Re RL
A more accurate formula which includes both halves of the cycle is:
(Emax—Emin) (Imax—lmia) (Bl
Power Output —=
8
The values of Emax, Emin, Imax 2
and lmin are read from the curves 00 TYPICAL TRIODE
as shown in Fig. B7. If the values
of Ewex and Emin are expressed in Ny 3 PLATE CHAR.
volts, the values of lmax and lniin 160 1 MICL.A OPERARTION,
should be expressed in amperes to 4 R
give the power output in watts. Q
. 120X | Ik -
The second harmonic distortion, n
expressed in percent, may be cal- z ; &y
culated from the formula: W : I
wf— 1%
M
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|
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— JYaVAY
2 N
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lo is the value of d-c plate cur-

rent at the operating point and is FlG.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 typlical variations ocf’ 20 OUTPUT CHAR.
power output, plate current an .
harmonic distortion with signal in- CLASS A OPERATION
put voltage for a”triode operated 16y 20
as a Class A amplifier. The power g '3
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square of the input voltage and /zg 6"
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] &
as% o0 V/ 0 &
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In a Class A triode amplifier the
plate efficiency is relatively low, 100
159 to 259%.

The POWER SENSITIVITY is the
ratio of the power output to the
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—, anssA
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8
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fier, is similar to that for triodes. | 22 i

Fig. B9 shows a family of plate 4
characteristic curves for a typical
pentode Class A amplifier. The
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power output may be calculated FlG. 89
aptroximately from the formula:
2 Emax—Ewin
[l twint 141 (et ]° ———
Tmax==lmin

Power Output = (BVII)

32

The values are read from the curves at the points indicated in Fig. B9. The
values of Ix and Iy are determined by the intersections of the load line with
plate current curves corresponding to grid biases of 0.293 Es and 1.707
Eve respectively, where Ego, 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:

fmax + tmin —2 o

2nd Harmonic = X 100 (BVIIN
Linax — lwin 4 1.41 (lx—ly)
The third harmonic distortion, in percent, is given by the formula:
lmax — lmia — 141 (Ix — 1y)
3rd Harmonic = X 100 (BIX)
Foax — lmin + 141 Ux—1y)

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 flows
in each plate circuit on alternate half-cycles of signal voltage when the grid
is positive. Since the grid of a Class B tube is swinging positive during a con-
siderable portion of the cycle, grid current usually flows for part of the cycle.
This grid voltage and current represent power which must be supplied by the
preceding tube called the DRIVER TUBE. The power output of the driver tube
is often the limiting factor in determining the power output of a Class B stage.
Since the average plate current of a Class B stage varies considerably with sig-
nal voltage, the plate voltage supply should have good regulation to prevent
excessive decrease in d-c plate voltage and limitation of output as the signal
voltage is raised.

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

(Eo =~ Emin) (linax — lo) (Emax — Eo) (lo — lmin)
Power Output = + (BX)
2 2
60 3 “
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current and distortion with signal 205
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plifier. The distortion is chiefly
third and other odd harmonics. 0
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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 operation. The characteristics of power output, plate current, plate effi-
ciency and plate current fluctuations with signal and driving power are inter-
mediate between those nf Class A and Class B operation. Power output pentodes
or tetrodes may be used as Class B or Class AB amplifiers, and the approximate
power output may be computed from the plate current vs, plate voltage curves
in the same way as in the case of triodes.

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

Class B audio amplifiers. Class B R-F Amplifiers
are used to amplify an already modulated wave. Since such a wave is modu-
lated up to twice its carrier value and down to zero, Class B R-F Amplifiers
must be capable of reproducing this wave in the plate circuit, which in turn
requires that the grid of the Class B stage be biased at cutoff or slightly less
than cutoff for the plate voltage used. For Class B R-F operation but one tube
is required since the symmetry of the modulated wave is restored by the
presence of the tuned tank load.

CLASS C AMPLIFIERS R-F power amplifiers are usually operated as Class C

amplifiers. The designation, Class C, is intended to
describe an amplifier which is operated in such a manner that plate current is
completely cut off over a large part of the cycle. The grid bias must, therefore,
be larger than the cutoff value for the plate voltage used. The presence of
harmonics in the plate circuit is largely ironed out by the use of a tuned load or
tank circuit. The phase relations are such that plate current flows only when
the plate voltage is relatively low resulting in high plate efficiency. The cal-
culation and operating practice with regard to Class C amplifiers is discussed
more completely under '‘Grid Driving Power and the Exciter’” and ‘''Output
Impedance and L/C Ratio™.

TYPICAL SPEECH AMPLIFIER AND
DRIVER FOR CLASS B MODULATORS

CAPBON
MICROPHONE

MICROPHONE
BATTERY,

TOCLASS 8
TUBE 6R105

ot

TO GROUND OR
BIR5 RS REQUIRED

Q
»
Y

m g FuUsE
[ 6 Lo s o

170%
523 AC
350"

F16. 01 750"

4 mfd. 600 volt electrolytic

30 H 200 ohms 100 ma. choke
Microphone input transformer
Power Transformer

350 volts—0—350 volts—100 ma.
2.5 volts 8 amp. 5 volts 3 amp.

R, Depends on characteristics of C
microphone

R; 1200 ohms 1/3 watt

R; 0.5 megohm 1/3 watt T
R, 20000 ohms 1/3 watt

Ry 1 megohm 1/3 watt

Ry 0.5 megohm variable

R; 6000 ohms 1/3 watt

Ry 0.1 megohm 1/3 watt Ts
Ry 0.25 megohm variable

Ryo 3000 ohms 1/3 watt

R, 0.25 megohm 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, 12000 ohms 1/3 watt Turns
Riy 780 ohms 10 watts Madulator Ratio Pr.
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
Cs 0.005 microfarad mica RK-38 1:1.4
Cs 8 mfd. 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 ohm line or to a dynamic speaker if the amplifier is to be used
for power amplifier work.
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If 6.3 volt tubes are desired they may be used as indicated.

The full power output of the amplifier is considerably more than is necessary
to drive two RK-12 grids. The amplifier in this case may either be run at
very reduced gain or the 2A3's may be replaced with lower power triodes such
at type 45's.

GRID DRIVING POWER AND THE EXCITER

The question of grid driving power has long been important to the active
amateur. For example, suppose that an RK-30 output stage is to be replaced
by one using an RK-37. The RK-30 has been operating at the typical operating
conditions as given in the data sheet, that is, a plate voltage of 1250 volts, a
plate current of 90 milliamperes and a power output of approximately 85 watts.
The grid driving power required was S 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 1s made to drive the RK-37 with the same couplinf device and exciter,
it may be found that the grid current of the RK-37 is low and the tube is
delivering very little power output. Perhaps the grid of the RK-30 had bcen
supplied originally from a heavily loaded crystal oscillator, which now refuses to
oscillate at all. If the grid of the RK-37 is tapped down on the oscillator tank
coil or the coupling system is changed, the RK-37 can be made to drive readily.
It seems that there is another factor that should be considered when grid driv-
ing power and the exciter are discussed and this factor is the grid impedance.
It is the magnitude of the grid impedance that determines, for a given power
input, the r-f voltage that must be applied to the amplifier grid, which in turn
determines the coupling to the exciter.
THEORY OF CRID DRIVINC POWER In Fig. FI 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
cach 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 reterring to Fig. F4 or Fig F5, the
ratio of the fundamental component to the d-c component can be determined
and the fundamental component calculated. Having the fundamental current,
a simple electrical law can be used, which says that only current and voltage
of the same frequency can produce any average power. The harmonics, there-
tore, may be ncglected and the average driving power is:

Av. Driving Powerz= (RMS Fund. R-F Crid Volt.) (RMS Fund. R-F Crid Currer:;:f;;

%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 GCrid Current)
2

Av. Driving Power =
(FI1)
Since the peak fundamental grid current may be found in terms of the d-c
grid current:
(Peak Fund. R-F Crid Voltage) (D-C GCrid Current)K
2

Av. Driving Power —=

(FIID

where,
Fundamental R-F Crid Current

D-C GCrid Current

It will be noticed from Fig. FS 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 Crid Volt.) (D-C Grid Current) 0.9

EFFECT OF CRID CURRENT CURVE
Furthermore, although the grid
has been assumed to operate over £ ﬂEgP[ES Togma . p | _K_
a 3/2 p|<|)wer Iaw,I if the operation Eo-r Ioc 2
is actually over a linear or a square

law curve, the results are not ma- 9 180 164 082
terially char;ged. The maxilmum o/ 168 167 0849
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 Iﬁw c;se ‘ is ’:bout 30/2’ 04 /133 178 0.89
reater than that for the assume

/2 power case. For the linear 05 /20 182 051
case it is about 49, less. 0.6 106 183 092

07 9/ /.85 093

BATTERY AS COMPARED TO
RESISTOR BIAS 0.8 73 192 096
The hgrizti) drivinghpowerI calculated 0.9 5/ 194 0.97
on this basis is the total power in-
put to the grid circuit of the tube. Al FQ/G F5Z 00 100

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

CRID 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 also be supplied by the
exciter. The magnitude of this power loss is not easily calculable as it is a
function of factors that are not readily obtainable and that vary radically with
different tube types. At 56 megacycles and higher frequencies this power may
well be the determining factor in the driving power of a tube. This subject is
discussed more fully under '"Ultra High Frequency Opcration'.
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MEASUREMENT OF PEAK
R-F CRID VOLTACE

The only factor not readily known

PEARK VOLTMETER CIRCUIT

is the peak r-f grid voltage. This O6—&’/0 ”9.05/,;

can be found by the use of a NPUT q

simple diode voltmeter, the circuit 1

of which is showr; in Fig. F6. In §

operation the voltmeter is con- =

nected between the grid and fila- E-};‘))?Vzt/—fr};,}%(y ‘
ment of the transmitting tube and 1

V0L POTENTIOMETER,
P« POTETIONETER M

M=0-200ua
~I P

METER
FlG. F6

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

and V depend on the magnitude of
the peak voltages to be measured

ik

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 Crid Voltage. .. ................. 320 volts 248 volts
D-C Grid Current ... . ... ... 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 = 50 watts

CRID IMPEDANCE The second factor that must be considered is the grid im-

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

The average impedance can be calculated since the average input power and

voltage are known.
(RMS Fund. Crid Voltage)?

Av. Driving Power — (FV)
Average Crid Impedance
and the
. (RMS Fund. Grid Voltage)?
Av. Crid Impedance —= (FVI)
Av. Driving Power
or, in terms of the peak r-f grid voltage:
0.5 (Peak R-F Crid Voltage)?
Av. Crid Impedance = (FVID

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)

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

(FVILI)

Crid Impedance =

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 Crid Peak R-F D-C Crid Driving  Approx. Crid
Type Milliamperes Crid Volts Volts Watts Imp.—Ohms
RK-10 15 235 —100 3.2 9000
RK-11 21 170 —120 3.2 4500
RK-12 33 65 0] 1.9 1000
RK-18 12 255 —160 2.8 12000
RK-20A 1.5 155 —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 0] 4 1000
FIG. F7

MATCHINGC THE AMPLIFIER CRID TO THE EXCITER PLATE Returning to
the RK-30 vs.
RK-37 problem, as first stated, the exciter that was capable of supplying S
watts 1o 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, it the grid of the RK-37 is tapped halfway down on the tank
coil and the coefficient of coupling between the coil sections above and below
the tap is unity, the load reflected into the plate will be 4 X 6200 =z 24800
ohms. The point of tapping can be calculated but it is much easicr 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 impecdance 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 1s considerably less than that required by the low mu tube.
However, the bias on the low mu tube can usually be reduced to values that
pcrmit power gains as great as those realized with the high mu tube without
serious reduction in plate efficiency. This applies to the tube .itself. When the
driver is also considered 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 casier 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 It should be borne in mind that
the table of grid impedances
and grid driving powers applies only to tubes operating under the specified
grid voltage and current conditions. For instance, if the grid bias voltage and
grid excitation voltage are increased and the grid current kept constant as it is
in high efficiency ("Califormnia Kilowatt') operation, the grid impedance and
grid driving power both increase markedly. For example, an RK-38 operated
in this manner shows the following values:

D-C D-C Peak Av. Av.

Crid Crid R-F Driving Crid

Volts Ma. Volts Power Ohms
—200 30 330 6000
—400 30 530 15.1 10300
—600 30 740 213 14500

The grid impedance of low mu tubes like the RK-35 and RK-36 which is al-
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,
espectally if the driver requires a high impedance load.

CAPACITY COUPLINC 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 lost due to impedance mis-
match, capacity coupling, Fig. F8BA
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 gnd is lower than the driver
impedance the grid can be tapped
down on the amplifier coil. Quite
often, however, this method re-
sults in the generation of para-
sitics.

LINK COUPLINC Link coupling,

Fig. F8B, on
the other hand has the ability, due
to high leakage reactances to more
nearly match input and output im-
pedances. Power is lost in the
second tuned circuit and link
coupling can never be as efficient
as capacity coupling if the grid
impedance of the amplifier s
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

PFC

oR ~-
TRPPED powrY

B-LINK COUPLING
DRIVER TUBE,

Wi
AMPL.
6RID

C-LOW IMPEDANCE

CAPACITY COUPLING
DRIVER TUSE

70 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 1s to work into a high impedance fewer turns should be used
on the grid end of the link than on the plate end, conversely if the driver is to
work into a low impedance more turns should be used on the grid end of the
link. If matching is into a high impedance grid, a low C grid tank can be used
but if the matching is into a low impedance grid, a high C tank is required.
Besides the usual magnetic coupling, low impedance capacity coupling, Fig. 8C
can be used.

PARALLELED AND PUSH-PULL OUTPUT STACES In a paralleled output
stage the driving voltage is
the same and the grid current is double that of a single tube so that the grid
impedance is one-half that for a single tube and the driving power is doubled.
For push-pull tubes the grid to grid voltage required is doubled and the power
1s 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 pulses of energy supplied to it at its own natural
frequency by the d-c power supply. The energy pulses are supplied through the
medium of the output tube which acts as a sort of timing relay. Energy taken
from the power supply must first be stored in the tank circuit before it can be
delivered to the antenna in the form of useful power. The performance of a
given transmitter, therefore, is tied irrevocably to the performance of the tank
and a well designed tank circuit will play an important part in obtaining maxi-
mum cffectiveness 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 RATIO 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
= (CI
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 ceen 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 UNLORDED TANK CIRCUIT
ratio should be made as large as

i AND EQUIVALENT CIRCUIT
possible.
VARIATION OF TANK IM- _|-

(Gh

PEDANCE WITH FREQUENCY
The minimum plate current of a ===
Class C stage is an excellent indi-

cation of the unloaded impedance L L 3
of the output circuit. The mini- 2

mum plate current increases with s
frequency and one is often led to

believe that the tube is operating

less efficiently at the higher fre- A

The fault lies almost in-

It

ol
=

8
EQUIVALENTTO R

quencies. e, fa 2rost ame

variably in the design o e tan 2
circuit, usually because too small WAIMItr-Q;f—U
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' wvariety 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 volt-

age to the fundamental volt-
age across a tank can be shown to be a function of the Q of the tank circuit
if the ratio of the fundamental component of plate current to the harmonic
component is fixed. Q is a measure of the quality of an inductance, capac-
itance, or tuned circuit and is expressed as the ratio of the inductive or capac-
itive reactance to the resistance. For an inductance:

§

35 MC TANK CIRCUIT
HﬂkMﬂN/vC IMPEDANCE

s
TANK CRPACITY

8

§ & 8§

@dw\

8
IMPEDANCE - ONMS

“ n,
24,
AR,
o lnie

700 200 300
TANK CAPACITY —uuf.
FlG. G2

-
Q

S0

2wfL
Q= (Gl
RL
For a capacitance: .
Q=r—m (GIV)
27fC Re
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For a tuned circuit:
2xnfL 1

Q= =
RL+Rc 27fC (RL+Re)
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.
2xfl 1

(GV)

(GVh)

R.  2mfCRL

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

Q OF A LOADED TANK The Q of the tank circuit is highest when unloaded.

Loading the tank by transferring a resistance from
the antenna lowers the Q. For instance, the Q of a 3.5 megacycle tank circuit
may be 80 when unloaded but will fall to 10 or 15 when loaded. A value of Q
for the loaded tank circuit that is a compromise between circuit efficiency and
harmonic output is about 12. This value is the Q of the tank circuit itself. If
the tube circuit as a whole is considered the output impedance of the tube
shunts the tank circuit and, if it is further assumed that the load impedance
matches the tube plate impedance, the Q of the entire circuit, for a tank circuit
Q of 12, is only 6. The Q of the tank circuit itself determines the efficiency of
the tank. The Q of the tank circuit shunted by the output impedance of the
tube determines the harmonic radiation.

CALCULATION OF CAPACITANCE FOR GCIVEN TANK CIRCUIT Q The ca-

pacitance
necessary to give a tank circuit Q of 12 can be easily calculated.
(2xfL)?2
L =— =27fLQ (GVI)
Since at resonance:
Z,, = Equivalent
Load Resistance—ohms 2xfL = (CVIID
R = Circuit Resistance—ohms 2nfC
f = Frequency—cycles/sec Q
L = Inductance—henries Z., = (GIX)
C = Capacitance—farads 2wtC
and
Q
C=—— (CX)
2nfZL

If Q is assumed to be 12 and the frequency of operation is known and f
Zi. can be found, the minimum permissible capacitance can be calculated. The
power developed across Zi1. is the power output of the tube.

where: ey ip
e, = Peak a-c voltage across Zi., volts P, = (GX1)
ip. = Peak a-c current through Zi, amperes 2
The power input is: Py = Eplp (CX11)
where:
Epy = D-C plate voltage—volts
Ip = D-C plate current—amperes
Pu 0.5epip
The plate efficiency is: n—=-—= (CXIn)
Py Ep lp
2nEp lp
The peak a-c plate voltage is: ey =——— =2n E,—'z (CXIV)
Y

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 = I,Epn (GXV)
(0.707 ep)?
This power is developed across Z..: Po = _Z— (CXVI)
L
(ep)?
Py, = (GXVI)
2 7L
and
(ep)?
ZL = (GXVIN)
2 Po
(ep)?
Zn = — (CX1X)
2 1,Epn
Substituting (CXIV) in (CXIX) and the result in (CX):
Q (K?) lp Q(K2)
= — = (GXX)
4rfn En 4xfn Re
where Rs = apparent d-c resistance of Ep 1 Ip
the output stage as pre- } = —— and, — = —
sented to the power supply lp Run Ep
For an average operating angle of 120°: K = 1.82
or:
=12 4520000
= 1.82 C=——— (GXXI1)
n =170% f Re
f = frequency in megacycles
EFFECT OF OUTPUT CJRCUIT ON TANK CAPACITANCE Using formula
(CXX1) 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.
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TANK CAPACITANCE—,uf

Ep
Ry=—— TANK CIRCUIT Q=12 EFFICIENCY=70%
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 8l
4000 646 323 162 323 162 8l 62 81 4l
6000 431 216 108 216 108 54 108 54 27
8000 323 1€2 8! 162 81 1 81 121
10000 268 134 67 134 671 34 67 34 17
12000 216 108 54 108 54 27 5S4 21 14
14000 185 93 a7 93 47 24 47 24 12
16000 162 81 41 81 41 21 41 21 N
18000 143 12 36 72 36 18 36 18 9
14 MC. BAND 28 MC. BAND 56 MC. BAND
A B C A B c A B C
2000 162 81 41 81 41 2] 41 21 1
4000 81 41 21 41 21 1 21 11 6
6000 54 27 14 27 14 7 14 1 4
8000 41 2111 21 11 6 16 3
10000 34 17 9 17 9 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 1n s 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—GRID NEUTRALIZED—CIRCUIT 2
3. SINGLE TUBE—PLATE NEUTRALIZED—CIRCUIT 3
USE COLUMN *B" FOR:
). 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. PUSH-PULL—SPLIT STATOR CONDENSER, PER SECTION—CIR-
USE COLUMN “C" FOR:
I. PUSH-PULL—CONDENSER NOT SPLIT
2. SINGLE TUBE—PLATE NEUTRALIZED—CENTER-TAPPED
TANK COIL—CIRCUIT 5

o
TANK CAPACITANCE
vs ~1
Sv00. " D-C RESISTANCE OF PLATE cIrRCUIT
TANK CIRCUIT @</2 7
F EFFICIENCY = 70 %
AN
1 = "
SINGLE TUBE-NOT
N NEUTRALIZER USE
1000 N T FROM CURVES.
500 \X \‘\ - tby
Ay 8 SINGLE TUBE-PLATE
N N 3 NEUTRALIZED. SPLIT
ANEAYN E‘»y,. STATOR CONDENSER.
N 4, USE ¥, € FROM CURVES
N \\ e K PER sECTION.
3
C4
NN -
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5 A SN e
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N e N 2z = ot ?}IIGL[.YUBZ Pl ﬂ‘lt'
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N NEUTRALIZED. USE 7 Lz
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} HNEC 1N N USE % CFROMCURYES.
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™ CT N AN -
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N N (D
N N
1og
N N
X
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N SINGLE TUBE-PLATE
NEUTRALIZER USE
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Ed tey
TWOTUBES-PUSHPULL
SPLIT STATOR CONO.
o 10000 o000 00000 b steTiomcomsen.
« 5000 A 4
D-C PLRATE VOLTAGE [VOLTS), Ry (0HM5) SER NOTSPLIT.USE %
D-C PLATE CURRENT(AMP) "2 FIG.G3 C"FROM CURVES

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

For a single-ended plate neutralized amplifier, with a center-tapped tank
coil, the load is quadrupled, therefore the total capacitance is 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
8238

74.0
66.1
59.1
52.8
47.0

42.1
317
337
26.9
215

171

13.6

109
6.9
5.5

35

VALUE OF K IN FORMULA

[«
(=]
o
o

ENAMEL WIRE

Turns
per
linear in.

46.5

58.5

73.5

91.7
115
145

180
227
286

Diameter
o
Length
2.00 0.5255
210 5137
2.20 .5025
2.30 4918
2.40 4816
2.50 0.4719
2.60 4626
2.70 4537
2.80 4452
2.90 4370
3.00 0.4292
3.10 4217
3.20 4145
3.30 4075
3.490 .4008
3.50 0.3944
3.60 .3882
3.70 3822
3.80 3764
3.90 3708
4.00 0.3654
4.10 .3602
4.20 3551
4.30 .3502
4.40 .3455
4.50 0.3409
4.60 3364
4.70 3321
4.80 .3279
4.90 .3238
5.00 0.3198
5.20 3122
5.40 .3050
5.60 .2981
5.80 .2916
6.00 0.2854
6.20 2795
6.40 2739
6.60 .2685
6.80 .2633
FIG.G5
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INSULATED COPPER WIRE TABLE

Pounds

per
1000 ft.

50.6
40.2
31.8
25.3
20.1

15.90

12.60

10.00
7.930
6.275

4.980
3.955
3.135
1.970
1.245

0.785
0.494
0.31
0.196
0.123

0.078
0.049
0.031

8.50

oo
[s]=]a}
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Diameter

SINCLE—SILK COVERED

Pounds Outside
per Dia.

1000 ft. mils.
7.89 54.6
6.26 49.1
4.97 44.1
394 397
313 35.8
1.98 29.1
1.25 239
0.791 19.7
0.498 16.4
0.316 138
0.210 11.8
0.129 10.1
0.082 8.8
0.053 7.8
0.035 6.9

NUMBER OF TURNS ¥$ INDUCTANCE
d
SINGLE LRYER SOLENOID WITH FORM FRCTOR=1.0
L easereouemrn

¥ 8 o tavzd

AL
&
\&

N

RAN

L]

“ f uWevawa
numeresor ruems
A\

~

mouc 1

wu’tzurflv'l nars
F16.68

Turns
per

linear in,

18.3
20.4

22.7
25.2
28.0
344
41.8

50.8
61.0
725
84.8
99.0

114
128
145

X=
\

NS

X

NN
NN

DOUBLE—SILK COVERED

Pounds

per
1000 ft.

8.00
6.32

5.02
3.99
317
2.01
1.27

0810
0.514
0.333
0.217
0.141

0.092
0.062
0.043

LOAD IMPEDANCE OF RAYTHEON AMATEUR TUBES
CLASS C—TELEGRAPHY

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
221 45.3
17.9 55.9
14.6 68.5
12.0 833

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
4
107
Jois  RK-1O
.0959 RK-12
00910 Rk JeA
.0808 RK-23
.0728 RK-28
.0664 RK-30
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-51
RK-52

R One Tube
A L’{: D-C Plate
Ma.=Ilp

450 65

750 105
750 105
1250 100
1250 92

500 50

2000 150
1250 90

1250 100
1250 100
300 40

1500 s
2000 150
1500 s
2000 160
600 93

1250 138
2000 180
400 95

1500 150
1500 150

FlG G7
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Load Imp.
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a single lube s plate neutiahized by splitting Inc tank coil, the load sphts as
the square of the turns ratio, assuming perfect coupling between the tuins of
the coil. A coil split in the center 1s equivalent to the sphit condenser case and
the capacitance required s | 4 that used for the reterence 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 paraliel act exactly as though they were a single tube drawing twice
the plate curient of one tube at the same plate voltage. The capacitance re-
qQuined is double that for a single tube, The capacitances tabulated are the
absolute minimum that can be uted. Somewhat larger values will reduce the
tank cucuit efficiency only shghtly but will further reduce the harmonic
rachation. For phone operation a somewhat larger capacity should be used. A
self-excited oscitlator requiies the use of about three times as much capacitance
as the refeirence circuit.

INDUCTANCE Having obtained the valuce 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 coils, which includes spacing cffects is:

a = radius of coil— inches 0.1003 azn2K
b = length of coil—inches L= ——— (CXXIt
n = number of turns b
L = inductance -—-microhenrics
K — a constant depending on | bL
the ratio of diameter to n= - —" (CXXIth
length, 2a/b, see Fig. C5. a 0.1003 K

The Wire Table in Fig. G6 will be found uscful in determining the proper
wire size.

It has been found that a coil whose diameter equals its length gives least
coil loss in the high frequency bands. The curves in Fig. G8 show the number
of turns vs. the inductance in microhenries tor single layer coils having the
diameter equal to the length, and will be tound uscful in designing high tre-
qQuency 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
torms and certain composition forms operate very well. Some idea of the loss
that is introduced by the form used may be obtained by comparing the minimum
plate current of a Class C amplifier using coils of the same inductance but
with different forms. Otten, the loss present in the dialectric is such a small
percentage of the loss in the coil itself that it 1s not economical to use a special
ceramic form when an ordinary composition form might serve the purpose just
as well

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

general gives some: idea of the matching network necessary to use between a

driver stage, for instance, and the output tube. From equation (GXIX):

RAYTHEON ENGINEERING SERVICE

CARRIER AND SIDE CRRRIER &SIDEBARINDS
FREQUENCIES COMPLEX WARVE MODULRTION
- %, 6, = COMPONENTS OF MODULRTING
SINE WAVE MODULATION-100% ey
f= MODULATING FREQUENCY
CARRIER CARRIE R
LowEr UPPER
LOWER | UPPER
8| s10e eequency | siE Frequency N SipEBAND s'fff”jo
N 9 . !
< < \ '
Q ~ I
N o] I '
N
1| WEN NN N
0 ¢-f T oo Cf ¢ ¢ C (o o (%
A FREQUENCY 8 FREQUENCY
FIG. H2
(ep)?
L= —
21, Epn
and from cquation 1CXIV)
1
¢, = 2nEp —
2n 3 2n
Zi.=— X — = — X Rs (CXXIV)
K2 1p Kz
For an ctticiency of 70%, 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 plate current and
voltage assuming constant etficiency and operating angle.

The table n Fig. G7 shows the approximate load resistance for Raytheon
Amatceur tubes under Class C operating conditions. The load resistance may not
be the optimum but it s approximately so. It will be noticed that the pentode
types do not use a high load resistance. A popular notion scems 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 radio frequency wave, the
wave must fust be modulated. Modulation usually consists of
varying the amplitude of the wave so that the variations can be interpreted by
the receiver. For CW transmission the amplitude of the wave is varied by
stopping and staiting 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. HIA represents an unmodulated radio frequency wave of a peak value, E.
The maximum possible reduction in the amphitude of this wave in a ncgative
direction s to O, theretore, the peak negative reduction in this wave is equal
to E. It this value were-exceeded the wave would be over-modulated and
completely cutoft, as shown in Fig. HIC. In a positive direction the amplitude
ot the wave can be incicased indefinitely. Since any complex wave can be
resolved into an infinite number of pure sine wave components, it is customary
to base modulation calculations on such waves. For this case the maximum

MECHANICS
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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. HIB. This is considered complcte modula-
tion and is termed 1000, modulation o1 operation with a modulation factor of
1O Fuyi HID shows o wave that s not completely modulated
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The upward modulation is:

M =- (H1)
Ecarrier
The downward modulation is:
Ecarrier —Emin.
My—= 20 (HID
Ecarrier

It 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
M= — (HHD
Enax |- 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 - - Modulation Factor

For a modulation factor of
value.

The average power of a modulated wave is equal to:

Pcak Power = K(Ec)2 (M -}- 1) (HIV)

1.0, the peak power is four times the carrier

Avg. Power:K(Ec)’(—Zﬁ—ll {HV)

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 i1s equal to:

V1.5 X tearrier = 1.225 X lcarrier (HVID)
or
V1.5 X Ecarerer = 1.225 X Ecarrinr (HVIID)

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 equal 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
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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 1007 modulation will be less than 1.225 X the carrier value; for the
second case i1t will be greater.

Fig. H3A shows a modulating wave consisting of a fundamental and 159,
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 s 1009, the upward modulation s less than 1009, 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 50%,
for a modulating wave of pure sine wave form and the fundamental sideband
power is 769% of that with sine wave modulation. I|f the phase of the modu-
lating wave s changed by 180° (modulation transformer reversed) the wave
appears as shown in Fig. H3C. At 100%, modulation the fundamental sideband
power 1s 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 16.89% 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 modulating 1009%,.

MODULATION AT LESS THAN 1009 The side bands carry the intelligence
that s to be converted into audible
frequencies by the receiver and the greater the power put into the side bands
the greater the magnitude of the received signals. As the percentage modula-
tion s reduced the power in the side bands is reduced. At 809 modulation,
however, it it 2ty down about 2 db from the 1009 value. Although this de-
crease in signal strength is hardly noticeable, the saving in modulation power
is considerable, the reduction being 369%. 1009, modulation is a desirable

24

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 regardless of the carrier strength. For instance, a completely modu-
lated 250 watt carrier is exactly equivalent 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
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FIG. H5

Operation is, of course, not particularly economical with a strong carrier, i.e,
the increase in power supplied to the transmitter is not justified by the in-
crease in signalling effectiveness.

MODULATION METHODS To obtain modulation of the transmitted wave in

the manner just described several systems are in
general use. Modulation can be accomplished by any system which will vary
the amplitude of the transmitted wave at an audio rate. Thus, if the plate
voltage of a Class C amplifier is varied, it will be found that the output current
will vary linearly over a wide range of plate voltage. Similarly, if the d-c grid
voltage is varied, it will also be found that, under certain conditions of excita-
tion and bias, linear variations in output are possible. In a pentode, variation
of the screen or suppressor voltages will vary the output. Any of these schemes
or combinations of them can be successfully used to obtain modulation. Each
system, however, presents its own individual problems.

RK-11 MODULATED BY TWO 6665
MODULATED AMPLIFIER

HEISING MODULARTION
MODULATED AMPLIFIER

ro £
ANT, = o
T /] ANT.
MODULATORS
TW0 616G's

PLATE VOLTAGE TO MODULRATED TUBE —_—
REDUCED FOR COMPLETE MODULRTION, =

FIG.H6

PLATE MODULATION Plate modulation is probably the most linear of all the

systems of modulation. While it requires considerably
larger modulation equipment than other systems, it is usually quite simple to
adjust. The modulated tube runs at good efficiency and there is little wasted
power. The usual difficulty encountered with plate modulation is inability to hit
the positive modulation peaks. This can usually be overcome either by increasing
the excitation or decreasing the load impedance. If it is not possible to in-
crease the positive peaks by these methods the carrier plate voltage must b
reduced.

With practical tubes it is impossible to get perfectly linear modulation up to
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 tre required bias change is most easily obtained when it is a
small fraction of the total bias voltage.

If the plate voltage of a Class C amplifier is increased from zero it will be
found that the output current will increase linearly with plate voltage up to a

RAYTHFON ENGINFERING 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 tke 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 voltage is, therefore, twice the carrier d-c
plate voltage. The plate current will also vary linearly with plate voltage and
the peak instantaneous plate current will be twice the carrier d-c plate current.
With a sine wave 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, £
Ey, = D-C Plate Voltage _ =
Ip == D-C Plate Current R= (HVIID

Iy
This is the resistance load of the modulator.
The plate input power under carrier conditions is:
e = Eply
The peak plate input power at 1009, modulation is:
P = 2Ep 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 =
0.5Earlar = O.SEulp
(HX1)
Ear = Peak Modulating Voltage
lar = Peak Modulating Current
This is 1/2 the carrier input
power. Therefore, the a-f power re-

quired for complete modulation is 7_4
equal to 509% of the carrier input ﬂ/ryorf/mn
power. It it is 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-

(HIX)

(HX)

RK-10 MODULRTED BY
PARALLEL 6L6G's

MODULARTED AMPLIFIER
RK-10

ditions. For incomplete modulation, . ‘g’m
that is, for modulation with a factor by NG
of M, g Se mog
R = Modulator Load ~ 3N vOLT.
P. = Power Input (Carrier) g gi
M = Modulation Factor 3 ! N
En Y ]
R =— (HVI)
e A A
Pc = Eplp (HIX)
Peak Plate Voltage = = 25uf
Es (14 M) (HXID) F[”" -
Peak Plate Current — X = +200¥ +250" =
1p (Y 4+ M) ( )
Peak Power Output = F1G6 H8
Eply (1 4+ M2 (HXIV)
Avg. Mod. Power =
0.5 E,l M2 (HXV)

HEISINC MODULATION SYSTEM The modulating power may be coupled into

the plate circuit of the modulated tube in
two different ways. The first and original system is the Heising or so called
constant current system. Operation is accomplished by feeding the d.c. to the
modulator and Class C amplifier plates through an audio choke, as shown in
Fig. H5. If the grid of the modulator is excited, the plate current will vary at
an audio rate which will develop an audio voltage across the choke which adds
and subtracts from the d-c voltage applied to the plate of the Class C amplifier
tube. However, even though the modulator tube is capable of supplying ade-
quate power for modulating the Class C stage, it is impossible to completely
modulate the carrier by this system since both the modulator plate and the
Class C plate operate from the same d-c source and the a-c swing of the modu-
lator plate can never be large enough to drive the plate voltage of the modulated
tube to zero. For a pentode modulator, symmetrical modulation up to about
809 is possible and with a triode modulator, modulation up to about 659,
can take place with Heising modulation.

PLATE RSCREEN MODULATION OF
RK20R BY MEANS OF THREE
WINDING MODULRTION TRANS.

PLATE AND SCREEN
MODULATED RK-20A

RK-20A

MOD. TRANS.

100" 180 wi0® 250"
FlG. H9
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In order to reach 100Y; 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 652, 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
modulator loads usually vary from about 7000 ohms downward. In very few
instances it is possible, therefore, to get a good impedance match, power is
wasted and more modulator capacity has to be installed to handle complete
modulation. Of course, it is always possible to load the Class C stage until
the d-c plate resistance exactly equals the load resistance of the modulator
but this usually results in an inefficient Class C stage.

TRANSFORMER COUPLINC TO MODULATOR To match the impedances cor-

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

PUSH-PULL MODULATOR For a typical calculation let us assume that an

K-11 is to be plate modulated and it is required
to find a suitable modulator and a coupling transformer. The recommended
input for Class C phone operation is:

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

51
The modulator must furnish: —2 = 25.5 watts,

The load 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
transtormer should be:

np 6600
— =\|——=10.97
ns 7060

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

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

RK-42 OSCILLATOR AND Rk-92

MODULARTOR
MO MODULATION CHOKE REQUIRED

FlG. 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 6L6G'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
~— =\[—— = 0.39
ns 8000

TYPICAL CHARACTERISTICS

The transformer, therefore, should vs &
have a turns ratio of primary to PERK GRID QQ(«
secondary of approximately 0.4 and e
be capable of delivering 13 watts of VOLTAGE ("'\) “\)‘3“l
audio with a d-c primary current of Qﬁ‘ Ay
160 milliamperes and a d-c second- o, ,\Q‘) \
ary current of SQ mn_lliamperes. The Q'b 0\5 ]
circuit is shown in Fig. H8. L x % f";\UENCY
PLATE MODULATION OF k,ﬁ 9166
PENTODES g | o\ !
To plate modulate tubes like the &I :
RK-23, RK-20A and RK-28, it is I | |
necessary to modulate the screen at : |
the same time, if modulatiog is to 0 £ 2
take place at plate voltages that are CARRIER CArpicR
at all comparable with the maximum PERK GRID VOLTAGE
permissible plate voltages for the FlG. H11

tubes. This is usually accomplished
cither by the use of a three winding
modulation transtormer, as shown in
Fig. H3B, or by supplying the screen
from a dropping resistor connected
to the modulated plate supply, as
shown in Fig. H9A. The second
method 1s usually the simplest and
cheapest to set up but a good deal
of power is wasted in the dropping
resistor to the screen, which is not
true of the first method. Calcula-
tions for systems using the dropping
resistor are carried out exactly as
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 8/1AS MODULATION

i A02 !
TR £, A

FlG. H12
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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. Eea = 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 versatile 6L6G can be again called upon to supply the necessary power
for modulation, 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 (approx.)

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 usine 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 MODULATION

SCREEN MODULRTION

iMos l =
£ *Ec; VoutAT +Ep MOD. 4) o)
< - oui
FIG H13 & ko VU e, g

F1G. H13

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
neutrahization,

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

the grid bias voltage is varied, a 0
type of modulation is possible which RK-38

1s known as grid bias modulation. A AVERAGE CL.8

circuit for grid bias |rfnc:¢’?‘\éla:_i(f)ne: \GP/D/MPEDH/YCE

8

shown in Fig. H12.

citation voltage is varied the system :(GP/DWLM&E--IM"
1s known as a Class B r-f amplifier 'éfm”l”
or as a linear amplifier.

Ms

50%0F DRIVER
O

3

8
AV GRID IMPEDANCE -KILON|

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

4 55/"’-%»‘

i

Since the modulated output is varied

up and down from a carrier value, 2 NQ h
the carrier must be set at a value M
that gives half of the peak voltage %
output. The excitation is, therefore, 0 0 0

reduced and the effici s o 5
ency under PERK GRID YOLTAGE-YOLTS

carrier conditions is approximately
1/2 of the peak efficiency. For FIG. HI5
Class B linear operation, in_order

RAYTHFI N
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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 efficienc 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 amplifier
or 100/2 = S50%. 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 lincar 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
cither system the plate current should remain constant at the carrier value
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 efficienc¥_ of either of these
systems is | /2 the theoretical Class C efficiency or 5095. 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.
If it is too great, distortion results. For a tube like the RK-38, operating at a
bias of —100 volts, the peak grid swing should be 300 volts at the crest of the
r-f cycle. At this point the r-f power required is about 0.9 X 300 X 0.025 =
6.8 watts, so that the driver must be capable of supplying at least 6.8 watts, if
it is to supply sufficient power at the audio peaks.

hThe average r-f impedance of the grid at this point is 3002/6.8 —=
ohms.

Under the carrier conditions, the peak grid voltage is 150 volts, the grid cur-
rent is about 3 milliamperes and the power input is 150 X 0.0025 X 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. |f 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 hinear 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. H1S
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 50?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. It is essential to use some
system by means of which the excitation can be varied for adjustment purposes.
Unless this is done, adjustment for optimum conditions can never be realized
except by chance.

DRIVERS FOR CLASS B LINEAR AMPLIFIERS

13200

BIAS SOURCE FOR CLASS B LINEAR STACES The bias source plays an im-

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

It has always been more or less accepted by amateurs that a Class B stage
should be set at exactly cutoff. This is not true and with this condition it is
impossible to obtain linear modulation. If the bias is reduced so that some
plate current flows with no excitation, the performance of the Class B stage
will be very greatly improved. Initial plate currents with no excitation up to
2/3 rated plate dissipation are permissible. Bias values greater than cutoff
are of course out of the question because the negative modulation peaks will
be completely cutoff.

CRID BIAS MODULATION ADJUSTMENT Closely allied with Class B opera-
. tion is the operation of the grid
bias modulated stage. In general, the bias should be set at a value that is
about the cutoff value for the plate voltage used and the load and excitation
adjusted for maximum output. The grid bias is then increased maintaining the
excitation approximately constant until the antenna current reaches 1/2 of its
initial value. In the absence of an antenna meter the plate 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



RAYTHEON AMATEUR TUBES

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:
P4 (Peak) = 0.9 X Err lue
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 0.5t
2y = ——— — — (HXVI)
Pa 0.9 lde
Since the audio voltage is applied across this average Oin;peEdance.
.5 (Eat)?
Esr = Peak Audio Voltage Pur (peak) = 7 (HXVIL)
1
0.9 (Ear)? X lue
Pu¢ == Peak Audio Power Par (peak) = —_E—— (HXVII)
rt
CATHODE RAY
TUBE
T _
— pMelizhe A % | 7,
hrh, £
HORIZ. VERTICAL +
DEF. DEF,
PLATES PLATES TRAPEZOID PATTERN
MODULATING
VOLTAGE
FIG. H16
The peak audio power required is also equal to:
Pa X (Ear)?
Put (peak) = (HXIX)
(Er)®

CRID IMPEDANCE OF CRID BIAS MODULATED STACE 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

~
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a-t 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

DIOPE MODULATION METER

1S5"ORYCELL
FOR CORRECTING

of suppressor modulation is to vary PROTECTIVE
the minimum plate voltage for a given RESISTOR

excitation and inasmuch as the signal

must vary up and down from the car-

rier value, the carrier must be set at LOW RANGE //0'«(5

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

MILLIRMMETER
Fla. H18
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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 voltage
in a negative direction. At this point modulation can take place. An oscillo-
graph may be utilized for the purpose of determining the quality of the modu-
lation. If ditticulty is encountered in reaching the positive peaks the excitation
should be increased or the loading reduced. It will be found that the point of
optimum suppressor bias may vary with frequency, possibly due to some transit
time effect or to voltages built up across impedances in the suppressor grid
circuit. For instance, at 80 meters, 45 volts is usually the optimum value, at
20 meters, between - 60 and 90 volts is usually necessary and at 10 meters
still higher voltages are required. It is usually best to obtain the maximum
output at -+ 45 volts on the suppressor and then reduce the plate current to
one-half or better still, the antenna current to one-half the maximum value by
increasing the suppressor bias negatively.

CALCULATION OF SUPPRESSOR MODULATINC POWER Over the modulation

cycle the suppressor
i1s substantially negative and the power required for modulation can be calcu-
lated in a manner quite similar to the methods employed for the calculation
of grid driving power.

The power 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 Ear lcy (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 an
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=—- (HXX1)
hi+h;y

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.

The upward modulation is then:

. = i E, —Ec
E. = lc’::;?\:ev(an:‘:k value M= —E_‘ o (HXX11)
and the downward modulation is: € £
. = e By
E: = ilt;;i:v:a:eeak value Ma = . (HXXHD
or the average modulation:
= E.: (HXXIV)

This method has disadvantages. It is not accurate above 3000 cycles becausec
of the effects of diode loading. Contact potential effects in the diodes mask
the accuracy of the instrument in the vicinity of 809 —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.

v2sd

FIG. HI9 FIG H20

OVER-MODULATION INDICATORS A meter that is useful in showing up over-

modulation or carrier shift is shown in
Fig. H19. 1t is a simple diode rectiticr plus a potentiometer to vary the voltage
applied to the diode. Overmodulation will show up as a shifting meter-reading
as the transmitter 1s 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 s 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 =(1)
RK-25 *(2)
RK-28 *(1)
RK-28 %(2)
RK-30 (1)
RK-30 (2
RK-31 (1)
RK-31 ()
RK-32 (1)
RK-32 (2)
RK-34 (1)
RK-35 (1
RK-35 (2}
RK-36 (1
RK-36 (2)
RK-37 (D)
RK-37 (2)
RK-38 (1)
RK-38 29
RK-39 (I
RK-39 (2)
RK-41 (1,
RK-41 (2
RK-47 (BB
RK-47 (2)
RK-48 (1)
RK-48 (2)
RK-49 (1)
RK-49 (2)
RK-51 (1)
RK-51  (2)
RK-52 (1)
RK-52 2)
Single Tube

400
900
500
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

1-6LGG

28
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TABLE |

MODULATING POWER FOR PLATE MODULATION (100%)

CARRIER CONDITIONS

D-C

D-C
Plate
Ma.

50

100
85

170
85

170
80

160
105t
210t
73t
1461
73 t
146t

Plate
Volts

375
375
400
400
400
400
700
750

1000
1250
1250
2000

Input
Watts

17.5
35
51
102
51
102
80
160

TABLE 11

Modu-
lating
Watts

RECOMMENDED MODULATOR TUBES

OPERATINC CONDITIONS

D-C
Screen
Volts

250

RAYTHEON

D-C
Crid
Volts

—117.5
Self-Bias
Self-Bias
Self-Bias

—20

—25

nwooooo

FlG H2!
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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

330

Modulation Trans,
Turns Ratio
Total Primary to
Total Secondary

w0

— D= — = — - O\ -

w

Impedance

w N
-0 —=-0B=nN

w = w w
o N Vi oyw - O

Load

hms

4000
10000
8500
6600
6000
3800
9000
9600
11000
18000
10000
16000

w
N

<]
N

wvi
@

o]
N~

[}
N

o
N

o}

o)

~
N

N

%

Modu-
lator
Tubes

See
Table 11

— 00— 0 0P r—c0TmOmMO I X O X O I NI NI nEAMOmMOINI"nmONOAN>

See
Table |
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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 ¢xperimental 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. It would have been impossible of course to have plotted
curves for all the conditions under which the various types of tubes might be
used. Resistance coupling was used in all cases, and it is believed that the
values of resistances chosen represent close to the optimum values considering
both sensitivity and distortion. The results given for the lower impedance tubes
such as the 27, 55 and 85 types may, of course, be easily changed to transformer
coupling by well known methods of circuit analysis. The values of resistors,
voltages, etc. are indicated in the tabulation.

Four types of circuits were used in this study and are shown in Fig. RI.
Circuit A shows the circuit used in the case of tre diode. The output using a
diode, as shown plotted in the figure, is linear because the input given is S
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]7C 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. R1, 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 i1s 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 6Q7GC will give approxi-
mately the same performance as the 6B6C. These tubes have a high-mu triode
section in which .the operating bias on the control grid must be close to the
point where current starts so that the grid may draw current over part of the
cycle at least. The resistance of one megohm in the grid circuit keeps the grid-
cathode resistance high, thus preventing shorting of the diode leak resistor.
This circuit has been investigated quite thoroughly experimentally and has been
found to be satisfactory.

The 2B7, 6B7 and 6B8C tubes are duplex diode pentode tubes which have
been introduced for two services. One is to use the pentode as a high frequency
amplitier with the diodes used for rectification, AVC, etc. The other applica-
tion is to use the diodes as rectifiers and the pentode section as an audio
amplifier. It is the latter service which is of interest in this study. Two condi-
tions for the 2B7, 687 and 6B8C are given. The curve labeled ‘X' is for 100
volts on the screen grid and represents conditions under which it is not de-
sirable to reduce the screen voltage to values lower than that used for the other
tubes. Condition "Y' is believed to represent the optimum conditions but re-
quires a screen voltage of 45 volts and hence an extra voltage divider in the
usual small receiver.

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 small re-
ceiver the 75, 6B6C or 6Q7C tube will give practically 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, 687,
6B8C 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 pertormance 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
SS 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

Fundamcentally, tube operation at the very high frequencies (above 14 mega-
cycles) is the same as at lower frequencics 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 nust be given to tube and circuit conditions that are
ordinarily so unimportant at the lower frequencies that they arc completely

neglected.
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, excupt 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
tlow of heavy charging currents to the tube elements. Second, the tube effi-
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ciency 15 reducea due to transit time and impedance losses, and third, the
circuits 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, th.e overall efficiency of a tube and its associated circuit falls off
rapidly with frequency, as shown by the curve in Fig. J4. How much the low
frequency ratings should be reduced for high frequency operation depends en-
tirely upon the extent to which these factors are present. Each factor will be
discussed in detail so that by a careful consideration of all that is involved, the
amateur may be able to fully appreciate some of the difficulties under which
the tubes are expected to operate

and by such appreciation be able

to obtain from his tubes not only

increased output but also more 60
stable operation and longer life. EFFICIENCY V3 FREQUENCY
0 PUSH-PULL OSCILLATOR
- £S5 SIMILAR
CHARCING CURRENTS The pas- . 2N ST
sage of a kS E,=750Y0C
heavy charging current thriugh a mﬁ P 750
tube lead causes a heating of that N
lead since the high frequency re- w \
sistance of the lead is appreciable , \
The high frequency resistance of a § \
lead varies directly as the square 204
root of the frequency and some S N
idea of how much the high fre- g \
quency resistance of the lead 0 W N\
differs from the d-c resistance
mag be gleaned from the fact that,
at 56 megacycles, the r-f resistance 0 S0 0 50 200 250 300 350 400
of 14 copper wire is approxi- FREQUENCY-MEGRCYCLES

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 voltages will be applied. If
the excitation is increased until the d-c grid current has reached its rated value
of 15 milhamperes, the peak r-f grid voltage is approximately 375 volts. This
voltage 1s applied across the input capacitance of the tube paralleled by a net-
work consisting of the grid to plate capacitance in series with the tuned plate
circuit., Because of the resonant plate circuit, the impedance of this paralle! 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
2nrtCive == 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 anc
hence requires less driving voltage
is used, the r-f grid charging cur-
rent s somewhat smaller and is
628 X 56 X 10% X 3.5 x 10-'¢
X 260 = 0.32 ampere.

If the plate voltage is applied
and the amphfier 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

°FC
Q1D

neutralized amplifier operation 14
will be greatest for low mu tubes Al E,,?
requiring a large driving voltage FIGJ2

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 5C megacycles with normal excitation, the grid charging current is
A28 X S6 ¥ 10% X 11 w 10-'2 X 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 707, efficiency
can be shown to be roughly 0.8 times the d-c plate voltage, or 1200 volts.
The peak r-t plate charging current is, therefore, 6.28 X EG X 10" X 04
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 puf. and if the RK-20A were used at
full ratings at 56 megacycles, the peak r-f plate charging current would be
6.28 X 56 X 10% x 10 x 10-'2 X 1000 = 3.5 amperes.

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

OSCILLATORS When tubes are used as oscillators, the charging currents are

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

r-f plate volt Cin 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.
If the RK-35 is considered as a tuned grid, tuned plate oscillator running
under the same conditions as it was as a straight amplifier, the peak r-f plate

X = l(approx.}

voltage is approximately 0.8 X Eac = 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) =
148 uuf.
The r-f grid charging current is now 6.28 X 56 X 10" X 148 x 375 =
1.95 amperes
Cap
1
56 MC
28MC
EXCITAT wreuT
(}E N N 7,
7 7
| i
1
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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 + 3.2 ()} 4+ 4.62) = 2V.5 uuf., and the peak r-f grid charging
current is 6.28 X S6 X 10% X 21.5 X 10-'2 X 260 = 1.96 amp.

The peak r-f grid charging current is, therefore, about the same in this par-
ticular case for either the high or the low mu tube. Although the dynamic
input capacitance of the high mu tube is higher, the grid driving voltage is
low enough to compensate.

By lowering the bias it is possible to operate with a high power and voltage
gain. This will increase the dynamic grid capacitance but on the other hand,
the lowered grid voltage approximately compensates for the increased capaci-
tance. The existence of this transferred capacitance can be very easily demon-
strated. For instance, it is knowr 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 i1s 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 1009,
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 s 21/14.8 X 1.95 == 2.77 amperes.
HARTLEY OSCTILLATOR 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-'? X IXOO = 1.14 amperes

The heating effect of this current added to the heating effect of the charging
current that is the result of the 28 megacycle excitation will give the total grid
I2ad heating. To keep the r-f grid charging current at low values, it is neces-
sary that the doubler tube have a low grid to plate capacitance. Pentodes,
because of their perfect shielding are ideal from this standpoint.

CENERAL It should be remembered that the RK-35 and RK-37, which have

been considered in the foregoing discussion, are special tubes with
very low interelectrode capacitances. The magnitude of the r-f currents in cer-
tain cases has been shown to be several amperes, even for these special tubes.
For tubes of the same power rating, but with large interelectrode capacitances,
the magnitude of the charging currents may be many times greater than those
of the RK-35. If long life is to be expected from such tubes, the ratings must
be drastically reduced at the ultra high frequencies. The presence of seal heat-
ing necessarily entails an expenditure of power. In an oscillator this shows up
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as reduced circuit efficiency, while in an amplifier it shows up as increased
driving power and reduced plate circuit efficiency.

At a given frequency, the grid lead loss is independent of the L,C ratio of
the grid circuit, provided the peak grid voltage is held constant.

TRANSIT TIME EFFECTS At the low frequencies, the grid driving power has

been shown to be entirely a function of the grid
voltage and the electrons collected by the control grid. At the high frequencies,
the grid driving power is increased by losses in the grid leads due to heavy
charging currents. However, at frequencies where the time of flight of the
electrons is comparable to the frequency of operation, still another factor adds
to the active grid loss. This is generally termed the transit time effect.

For example, suppose a single electron s uniformly accelerated between two
points one centimeter apart and at a potential with respect to each other of
100 volts. It will be noted that this voltage and distance is ot the same order
as is encountered in electron tubes. The time of flight of the electron between
the two points will be approximately 3.5 billionths of a second (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
interclectrode spacing and high operating voltages

Transit time effects have still not been completely analyzed except possibly
tor 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 tails to explain the
operation of triodes as amplitiers or oscillators where the potential of the plate,
i.e., the element following the control grid. is also varying at a radio frequency
rate. However, a few effects of transit time can be, qualitively at least, demon-
strated for this type of operation.

One of the effects produced by transit time in tubes is to shift the phase
of the r-f grid voltage and current so as to lower the grid impedance. The
electron current that flows into the control grid may be thought of as con-
sisting of three components. The first is the usual component which consists
of the clectrons collected by the control grid. This is the current that has been
used to calculate the grid driving power at the lower frequencies. The other two
components are due to currents induced in the control grid circuit by eiectron
motion in the vicinity of the grid. One component is the result of current being
induced in the grid by the electrons approaching the grid while the other com-
ponent is the result of electrons receding from the grid toward the plate. At
low frequencies the density of the electrons in the grid-cathode space is, over
almost the entire cycle of the exciting voltage, the same as the density of the
electrons in the grid-plate space and the grid current components due to elec-
tron motion practically cancel, since they are almost exactly equal and of
opposite phase. However, when the velocity of the electrons becomes compar-
able to the operating trequency, 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 electrons 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-
1zation by conventional methods becomes increasingly difficult because such
melthods depend also on a 180° phase relationship between the grid and plate
voltages.

TANK IMPEDANCE A third factor which often must be considered in reduc-

Ing the ratings but which can be minimized by proper
circuit design is the tank impedance. The parallel, unloaded impedance of an
ultra high frequency tuned circuit is usually very low, even after the L/C ratio
has been reduced to as small a value as 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 load impedance for the tube happened
to be 5000 ohms, then the tank circuit itself, without any antenna loading.
would be an ideal load for the tube. |f power is to be removed from such a
tank circuit the transterred 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 s wasted in the tank because the
tank impedance is of the same order as the load impedance. Practically, this
means that a tube that 1s rated at approximately 40 milliamperes at 500 volts
and is loaded with a 5000 ohm tank will draw very nearly the rated current
without any additional load and if the circuit is loaded further by means of an
antenna, the plate current will be higher than 40 milliamperes and the plate
dissipation will become excessive.

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 pertormance can also be improved if a tube can be selected that will
operate into a lower load impedance. For instance, f a tube is available that
will work satistactorily into a 2500 ohm load, the tank can be loaded to this
value with better tank efficiency and better tube efticiency.

LOW LOAD IMPEDANCE TUBES VS. OUTPUT CAPACITANCE This brings
up the prac-
tical questions as to how the load impedance of a tube can be lowered or what
tubes have inherently low load impedance. For instance, if two tubes are used
in parallel, the load impedance required is one-half that for a single tube but
the output capacitance is doubled so there is little to be gained since the in-
creased circuit capacitance lowers the unloaded impedance of the tuned circuit
The load impedance of a tube has been shown to be proportional to the d-c
resistance of the plate circuit and is equal to approximately 04 times the
operating plate voltage, divided by the operating plate current, Therefore, a
desirable tube is one where the plate current is high compared to the plate
voltage or in other words, one that has a low d-c plate resistance as a Class C
amplifier, but at the same time has a low output capacitance. A good factor
for determining the effectiveness of a tube as regards tube and circuit efficiency
at the high frequencies is the product of the output capacitance and the d-c
plate resistance under Class C conditions. The smaller this value, the better in
general is the tube performance. For example, for the RK-10 as an amplifier,
this factor is Cuue X 0.4 E;/lp = 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

The ultimate frequency of wpera
tion should be carefully differen-
tiated from the ultimate frequency
for efficient operation. The ultimate frequency of operation s the resonant
frequency of the tube elements and is limited usually by the shunting capac:-
tance of the tube and the physical dimensions of the smallest external circuit
without regard to loading or efficiency of operation.

The ultimate frequency for efficient operation is a function of both the
shunting capacitance and loading and is generally very much lower than the 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 ultimate frequency is, there-
fore, increased | 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 i1deal for other reasons. Their symmetry tends to keep r-f currents
where they belong without recourse to heavy bypassing. Also, in a perfectly
balanced push-pull circuit there is no fundamental r-f current flowing in either
the grid or the plate return leads. This prevents any regeneration or degenera-
tion in these leads and permits them to be somewhat longer than those per-
missible in a single ended circuit,

in transmitters where seal heating may be serious, the heating in push-pull
stages i1s 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 e«ternal radiators much more
easily than the filament leads in the stem.

BYPASSINC AND CROUNDS Adequate bypassing ts 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 grnid
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. |f 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-t 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 gann
an inch or so on the screen lead within the tube base.

The bypass condensers themselves can cause much trouble, since many that
are used were never intended for operation at the frequencies in question. Very
little capacitance is needed for bypassing but it must be all capacitance. Only
a very small amount of inductance in a condenser is tolerable.

Bypass condensers with a mica dielectric, one plate of which is tied to the
point to be bypassed, the other plate being the chassis itself, are very effec-
tive. The plate can be about 1” square and the mica between 0.002 inch fhick
to 0.004 inch thick. These dimensions will make a condenser of approximately
600 uut. and 600 working volts for the 0.002 inch thickness, if the mica s
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 trequencies above 56 megacycles, it is most essential that chokes or reso-
nant lines be used in the filament leads so as to feed in the filament current
at ground potential.

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 i1s one of the most important. The following paragraphs list the ma-
terials available for the major structural parts of the tube and discuss the
(cjharacterlshcs that determine the choice of particular materials for each tube

esign.
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Carbonized Molybdenum Craphite Tantalum
Nickel Plate Plate Plate

Plate
RK-11 RK-18 RK-S1 RK-306
RK-12 RK-31 RK-52 RK-38
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PLATES The tactors 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-

terial in transmitting tubes. |t has good mechanical properties.
It has a very h:xh melting point, 2620°C, and appreciable evaporation begins
only at relativels high temperatures, although evaporation in the form of oxide
may occur at lower temperatures. Its surface can be cleaned and fairly com-
pletely degassed by high temperature treatment. Like most metals, molybdenum
is not a good heat radiator when its surface is left bright and smooth, hence
molybdenum plates usually have their outer surfaces roughened by sandblasting
to increase the heat radiating ability.

Tubes with n:!ybdenum 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 witll not dam-
age the plate itself but, of course, should be avoided because of the danger of
overheating other parts of the tube and permanently damaging the tube by the
evolution of gas or otherwise. The plate color gives a convenient indication
of the plate temperature and may be used to advantage in determining roughly
if the tube is operating properly and within its rating for plate dissipation.

TANTALUM ! <ome respects tantalum is almost the ideal plate material. It
h~- good mechanical qualities and a higher melting point, 2850°C,
and a higher evaroration point than molybdenum. It can be more completely
degassed by h«ti temperature treatment than molybdenum. Another property
that is of valuc 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 1s not desirable to have ‘‘getter' deposits on the
bulb. Tantalum s by far the most expensive of the plate materials.

Tantalum plates are commonly operated at a yellowish-red or even orange
temperature, 900° to 1000°C at the hottest part. The plate itself is not dam-
aged by momentary operation at nearly white heat but such operation should
be avoided because it means overheating of the other tube parts. The plate
color can be used as an indicator of overload as with molybdenum. High plate
temperatures usually mean relatively high grid temperatures and so the grids in
tantalum plate tubes must be designed and processed to operate at relatively
high temperatures. Likewise, the plate supports run very hot and must be
widely spaced from other leads in the glass to avoid conduction and electrolysis
in the hot glass.

CRAPHITIZED CARBON In recent years molybdenum has been replaced to
some extent by graphite or graphitized carbon as a
plate material. Plates of this material are machined out of solid rods. Because
of the method of manufacture and greater inherent fragility, as compared to
metal, the walls of graphite plates are always much thicker than those of metal
plates. There are accompanying advantages such as freedom from warping and
good distribution of heat without local hot spots.

Graphitized carbon has a very great absorptive power for gases, which are
driven off again when the temperature of the carbon is raised and it is im-
possible to completely degass it, as additional gas will be given off as 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 cven then release a damaging quantity of gas. Un-
less the plate has been properly pretreated there is also danger of loose carbon
particles escaping from the plate and damaging the filament. Carbon does not
melt or actually evaporate at any temperature that can be reached in a radio
tube plate. although it is occasionally deposited on other parts of the tube by
the action of gas in the tube during processing.

Carbon has the outstanding advantage of being an almost perfect heat radi-
ator and at a given temperature will radiate several times as much heat per
unit area as a bright metal. It is usually operated at about the same watts of
heat dissipation per square inch as molybdenum but this corresponds in the
graphite plate to a relatively low temperature, 500° to 600°C, at which no
color or only a very deep brown-red is visible. For this reason the plate color
cannot readily be used as a good indicator of normal plate dissipation. This
low operating temperature results in a somewhat lower temperature in the grid
which is always desirable and in less heat flow along the plate supports which
is also of importance, particularly in tubes where the plate is supported from
the stem.
CARBONIZED NICKEL In this material a heavy layer of carbon has been de-
) posited in and on the surface of the nickel base.
Carbonized nickel can be shaped into plates in the same way as molybdenum.
It has the same heat radiating ability as graphitized carbon and much the same
characteristics as regards difficulty of being completely degassed and possibility
of loose carbon particles. The melting point of nickel, 1500°C. is the lowest
of any of the usual plate materials. This limits the temperature to which it
can be raised during processing and the degree to which it can be freed of gas.

Carbonized nickel plates are usually operated at about the same temperature
as graphitized carbon plates and have similar operating characteristics except
that they do not usually have as good heat distribution and will not stand as
much temperature overload without danger of giving off excessive gas.

CLASS BULB AND STEM The heat generated in the tube by the filament and

by electron bombardment of the plate and grid is
removed from each part by conduction through the stem leads to the stem and
by radiation to the bulb. The bulb is very nearly opaque to heat radiation so
that encrgy 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 it is hot enough to dissipate heat as fast as it is received
from the internal parts. The physical size of the bulb is determined largely by
the total wattage that is to be developed in the tube. Excessive bulb or stem
temperature is avoided because it may cause the evolution of gas from the sur-
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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 used in receiv-
ing tubes, that is, lime or soda glass. In these tubes the bulb size is relatively
large in proportion to the tube wattage. .

Higher power tubes are usually made with hard glass, or borate glass, in both
stems and bulbs. This is superior to soft glass in that it will stand higher
temperatures during the exhaust process without giving off gas, softening or
becoming conducting. It is stronger and less liable to strain cracks. Hard glass
also causes less dielectric loss when it is subjected to high frequency electric
fields, as around the leads. .

With hard glass the lead-in wires that are sealed in_the stem and bulb are
usually of expensive tungsten or molybdenum while with soft glass the same
copper-slecved, nickel steel, lead wires are used as in receiving tubes or in

lamps.

CRIDS The grid materials are chosen for good mechanical characteristics, ease

of cleaning and degassing, and ability to withstand high temperatures.
In low power tubes, the grid side rods are usually of nickel and the mesh wires
are generally of molybdenum. The grid wire must be strong and yet soft
enough to take the proper shape during the grid winding and stretching opera-
tions. It must stand high temperatures during exhaust and operation without
distorting or sagging. . .

In larger power tubes, where the grids may be subjected to higher tempera-
ture than nickel will stand, the side rods are also made of molybdenum and
tantalum mesh wire is used in some tubes. Tiis is chiefly in ultra high fre-
quency tubes where all the parts are kept small and may run very hot. Tanta-
lum has the same advantages here as it has as a plate material. In addition it
has the favorable characteristic of less tendency to emit primary or secondary
electrons than molybdenum when used as grid wire.

BASES Outside of mechanical factors, the choice of base material is important
principally from the standpoints of leakage, dielectric loss and high
voltage insulation. Bakelite is the cheapest material used in amateur tube
bases and is satisfactory in low power tubes where the voltage between pins
is not more 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 ... ...ty | P No Color
RK-11 o o 25 e ....No Color
RK-12 e 25 e No Color
RK-18 ..o 40 L Light Cherry
RK-19 .. . i e L R R R No Color
RK-20A . .. .. .. i 40 .. No Color
RK-21 ... .. . . R No Color
RK-22 .. . e P T, No Color
RK-23 ... ... . . i 10 . No Color
RK-24 ... ... . . . i 1.5 o No Color
RK-25 ... .. i 10 No Color
RK-25B. .. ... ... it 10 o e No Color
RK-28 .. i 100 ..ot i Light Cherry
RK-30 ...ttt 35 e Dull Cherry
RK-31 ... i 40 ... Light Cherry
RK-32 ... . .. e SO e Orange
RK-33 ... . ... . 2.5 (oneplate) ........... No Color
RK-34 . ... ... ... .. .. ... . ... 10 (bothplates) .......... No Color

S0 Lt. Yel. Red
Lt. Yel. Red
Lt. Yel. Red
Lt. Yel. Red
No Color
No Color
No Color
No Color
No Color
No Color
No Color
Dulil Cherry

at center of plate if viewed
in the dark.

Light Red
No Color
No Color
No Color
No Color
No Color
No Color
No Color
No Color
No Color
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.
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RAYTHEON AMATEUR TUBES

The fundamental
tube characteris-
tics arc determined by the physical dimensions and location of the grids, plate
and tilament 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 700, effi-
ciency. The permissible power input at this efficiency will be 100/0.3 or 333
watts. At 2000 volts, the plate current will be, therefore, 333/2000 or 167
milliamperes. The current to the control grid will be equal to roughly 259, ot
this or 42 milliamperes and the total d-c space current will be 167 4 42 or
209 milliamperes. At the assumed efficiency, the ratio of the maximum peak
plate current 10 the d-c plate current is such that, for thoriated tungsten fila-
ments, a figure of 5 nulliamperes of d-c space current per watt of heating
power may be used to determine the filament power. This is a figure based
on expected deterioration of the filament during life and the peak currents to
be encountered and is subject to considerable variation. For instance, it will
be tound 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 millamperes per watt of heating power. Heater type cathodes are
more efficient emitters and the usual value s about 20 milliamperes/watt. A
thoriated tungsten filament will be used in this tube and the tilament 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 1s very small compared to the plate
loss, the total tube dissipation is 140 watts. The designer can now devise a bulb
shape taking into account the bulb material, the total power to be dissipated
by the bulb and the temperature distribution within the bulb.

The plate temperature and the plate size have been aiready determined by
the plate dissipation and material. The d-c plate voltage is to be 2000 volts
so that the plate will have to be sufficiently well insulated from ground, the
grids, and the filament to insure against voltage breakdown, keeping in mind
that the plate voltage rises instantaneously to values that approach twice the
d-c plate voltage of the tube. |f 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 OPERATINC RATINGS

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 tactor is not subject to as much variation as the transconductance
and i1s obtained at the same point by changing the grid voltage a small amount
and determining the change in plate voltage necessary to restore the plate cur-
rent to its original value. The change in plate voltage divided by the change
in grnid 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 1s measured between the grid
and all other elements; the output electrode capacitance 1s measured between
the plate and all other clements; while the grid to plate capacitance is meas-
ured between the grid and the plate with all other elements at ground.

TENTATIVE OPERATING CONDITIONS Without recourse to measurement or

calculation from the characteristic
curves, it is usually possible to determine approximately many of the expected
operating characteristics. A tentative Class C rating has been used, for in-
stance, to determine the approximate space current in the initial design and,
on the basis of 709, efficiency, the power output i1s 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 tor a d-c plate voltage of 2000 volts. GCrid 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
Le 300 milliamperes (two tubes' and the power output will be 400 watts.

Although many advertised tuLe ralings are on a theoretical basis, they can-
not be relied upon to tell the wiole 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 1s present in any telephony application. For this rcason it i1s necessary
either to calculate the other factors from the characteristic curves or measure
them in typical setups. At Raytheon we have chosen the latter method, inas-
much as measurements can be quickly made and the etfect of adjustments
noted. A large number of tubes can be checked to determine the etftect of
variations in tube characteristics. Easily variable element voltages permit meas-
urements to be made under widely varying voltage conditions. The procedure
used with this system is approximately as follows:—

TYPICAL OPERATING CONDITIONS

CLASS C TELECRAPHY—PLATE EFFICIENCY Depending on the plate efficiency,
almost any Class C operating
conditions arc theorctically possible. For example, many tubes can stand plate
voltages much in excess ol the value indicated by the plate current and plate
dissipation at average etfic'encies. It is, therefore, possible to have high effi-
ciency Class 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 i1s 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
G3 watts or about 27%,. At an cfficiency of 809, the power input is 500
watts and the power output is 400 watts or an increase of 163 watts over
the original 70y, 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 24900 volts and at 809, 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 s to be maintained small. The grid bias must be increased, which
iesults 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 1s more a function of the circuit voltages and currents.

RAYTHEON ENGINEERING SERVICE

We have selected cfticiencies in the order of 709, as a compromise between
power output, power gain and tank circuit efficiency. That this 1s a reasonable
figure 1s borne out by the tact that most amateur transmitters operate at
approximately 709, Class C efficiency. It a tube has adequate emission and
15 capable of withstanding the increased plate voltage, well and good, the tube
legitimately can be advertised as such but i1t should be remc¢mbered that the
improvement in efficiency required to obtain a high ratio of power output to
plate dissipation s s..inctimes 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 TELECRAPHY—DRIVING POWER Another factor that is subject to

considerabte variation in operat-
ing a tube is the grid driving power. For linear plate modulation it has long
been customary to bias the tube to double the cutoff value. Such values of bias
result in relatively high values of driving power. The tube will usually operate
at much lower bias values without a very great loss in efficiency, although the
hinearity of the plate voltage vs. output current relationship will suffer as a
consequence. This 1s unimportant tor 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 througn custom have bcen set at this value
although smaller biases will often work satistactorily, particularly with low pu
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 cutoft value and the excitation and loading adjusted until the tube s
opcrating at approximately 700, efficiency and as nearly as possible at rated
plate current and dissipation. 1t 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. GCrid driving power and the peak r-f
grid voltage are measured by methods that have been described under *'Grid
Driving Power and the Exciter™.

CLASS C TELEPHONY To rate a tube for Class C telephony, it is necessary to

reduce the d-c plate voltage since at the positive
modulation peaks the instantaneous plate voltage 1s twice the carrier value.
Rigorously, the carrier plate voltage for telephony should be but 509, of the
tclegraphy 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 modu!ation the plate dissipation rises by 509;. Although it is im-
possible to ob:tain exactly linear modulation with a fixed grid bias, actually, at
biases of doubie cutott or greater the modulation is quite linear. The bias s,
therefore, fixesd 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 709, etticiency but also to insure linearity ot modulation. To
check this lincarity, eitter the plate voltage is increased step by step and plotted
against power output over the range from zero to twice the carrier value or a
sinusoidal modulating voltage is applied to the plate and the modulated output
viewed on a cathode ray oscillograph. A maximum total distortion of 59, is
considered permissible

CLASS C TELEPHONY—CRID BIAS MODULATION AND CLASS B R-F Crid 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 1090
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 cutoft 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 s varied while the grid bias re-
mains constant at several values at or less than cutoft. 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 i1s known
that the tube will operate satistactorily, Variations in these conditions are per-
missible provided no one maximum rating is exceeded.

LIFE TESTS Althouph all of tha required ratings can be tentatively developed
Ly 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
lite tests can the tube rating he called complete
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TRIODE
POWER AMPLIFIER
OSCILLATOR

The RK-10 is a triode type power
"'\q, amphifier tube having a thoriated
o tungsten filament and an isolantite
\ base. It is designed for use as an
N amplhifier, oscillator or frequency
¢ multiplier

FILAMENT RATING

Filament Voltage 7.5 volts
Filament Current 1.25 amp

DIRECT INTERELECTRODE CAPACITANCES

BOTTOM VIEWOF SOCKET

9PRONG
ISOLANTITE
ROYONFT
MEDRNSE

) x Grid to Plate . .............. 8 upf
U L :ﬁ Input ... 3 qpf
Output . ... 4 ppt
A-F POWER AMPLIFIER—CLASS A

MAXIMUM RATINCS
D-C Plate VOIaRe . o e e e e 425 volts
Plate Dissipation . ... . .. 12 watts

TYPICAL OPERATION
D-C Plate Voltage ... .. .......... 250 350 425 volts
D-C Grid 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 umhos
Load Resistance . ............... 13000 11000 10200 ohms
Power Output ............. 04 09 1.6 watts

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

RAYTHEON AMATEUR TUBES

RK-10

TYPICAL OPERATION

Telephony Telephony
Grid Plate Telegraphy
Modulation Modulation
D-C Plate Voltage .............. 4150 350 4150 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 Output . .......... 6 12 19 watts
Peak A-F Voltage--Plate ........ — 350 —— volts
Peak A-F Voltage—Grid ......... 70 = — — volts
A-F Modulating Power .......... 0.7+ 9 -— watts
Peak Power Output . ............ 24 = 48 = - watts
R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINGCS
D-C Plate Voltage . ........ ..cuiiiiniiiiniiinenenonn 150 volts
D-C Plate Current (Carrier) 10 ma
Plate Dissipation (Carrier) 12 watts
D-C Plate Voltage ... ... . i 450 volts
D-C Crid Voltage --60 volits
D-C Plate Current 40 ma
D-C Crid Current 1.5 ma
Peak R-F Input Voltage .............. 200 volts
R-F Driving Power ... ... ... ..., 4.1 " watts
Carrier Power Output . ......... ... ... veuuneninnn 6 watts
Peak Power Outpul . .. ... .. ...t 24 * watts

%“At the peak of the a-f cycle with 1002, modulation.

OPERATING NOTES
FREQUENCY RANCE
The RK-10 may be operated at the maximum ratings at frequencies up to 6O
megacycles. Above GO megacycles the reduced efficiency realized requires that
the plate voltage be lowered to prevent the plate dissipation from exceeding
the maximum rated value.

D-C Pilate Voltage---Telegraphy .............. ... ... 450 volts
D-C Plate Voltage- -Telephony BIAS
With Grid Modulation ...................0o0n 228 vo::s At least 40 volts of fixed bias should be used with 450 volts on the plate
b.C g\l’a"':“ E’L;’r'ecn""md“'a"°" ----------------- b4 "°m; to protect the tube in case of failure of the bias or excitation. Additional bias
- L 1 e T Y . - i
B.C Grid Corrent Ll 15 ma may be obtained by the use of a grid or cathode resistor.
R-F Grid Current ... ... ..t e SIS af"’\'D PLATE TEMPERATURE
Plate Dissipation ..........cocovhiiche 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.
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RK-11 RAYTHEON AMATEUR TUBES RK_]‘
{30} TRIODE |8Avoner R-F POWER AMPLIFIER—CLASS C—TELEPHONY
- _
[P [ POWER AMPLIFIER MAXIMUM RATINGS
OSCILLATOR Pt arid
The RK-11 is a triode type power Modulation Modulation
amplitier tube having a thoriated D-C Plate VOItage .-« vvvvvninneuunnnenn 600 750 volts
tungsten tilament, and an isolantite D-C Plate Current (Carrier) ............... 83 50 ma
base. It is designed for use as a D-C Grid Current (Carrier) ................ 35 5 ma
power amplifier, oscillator or fre- Plate Dissipation (Carrier) ................ 17 25 watts
% AMPLIFICATION FACTOR 20
S AM
1 BOTTOM VIEWOF SOCKET
Joon e FILAMENT RATING
G sx—— Filament Voltage 6.3 volts TYPICAL OPERATION
Y Filament Current 30 amp Plat arid
Ae ate r
“ DIRECT INTERELECTRODE CAPACITANCES Modulation Modulation
ot Crid to Plate . .............. 7 puf
o] lnput ...l 1 uuf  D-C Plate Voltage ............... 500 600 750 volts
sguanTITE Output . ......... ...l 0.9 put %c Crid Vgltage ................ —é(a)o ~é§o —-;go volts
onET - —_ -C Plate Current ... ............ ma
:;;mﬂ;[ R-F POWER AMPLIFIER OR OSCILLATOR D-C Grid Current . .........oou..n 26 24 1.2 ma
CLASS C—TELEGRAPHY Peak R-F Input Voltage ... ... . [ 160 170 150 volts
T MAXIMUM RATINGS R-F Driving POWer ............... 37 337 2.7% watts
U U Yy D-C Plate Voltage ........... 750 volts Carrier Power Output ............ 28 38 12 watts
— 1 D-C Plate Current ........... 105 ma  peak A-F Modulating Voltage ...... 500% 600* 30 * volts
D-C Grid Current ........... 33 ma  AF Modulating Power ........... 21 26 0.5 watts
Plate Dissipation ............ 25 watts  peak Power Output .............. 112¢  152» 48 % watts
TYPICAL OPERATION K - ith 1009 ion.
D-C Plate VOItage .......oooinrnsannnonns 500 750 volts  “At the peak of the a-f cycle with 1009 medulation
D-C Grid Voltage .............oovveiaiann —100 —120 volts
g% ElateCCurrent ....................... 500 5(])5 ma
- rid Current . .. ........ ... ... ... I ma
Peak R-F Input Voltage . ... ... ... 0. 0.0, 165 170 volts OPERATING NOTES
R-F Driving Power ..............ccvvuue. 31 3.2 watts
Power OUIPUt oo iivivieienenannnnn 35 55 watts  FREQUENCY RANCE
R-F POWER AMPLIFIER—CLASS B—TELEPHONY The construction of the RK-11 allows operation at the maximum ratings at
frequencies up to 60 megacycles. Above 60 megacycles the reduced efficiency
MAXIMUM RATINCS realized requires that the plate voltage be lowered to prevent the plate dissipa-
D-C Pilate Voltage ........... ... .., 750 volts tion from exceeding the maximum rated value.
D-C Plate Current (Carrier) . .........covvvininnenn. S50 ma
Plate Dissipation (Carrier) ..........c.cevieinusinnnn 25 watts
b p v TYPICAL OPERATION 750 \ BIAS
-C Plate Voltage ..................covniiininnn volts A fixed bias voltage of at least 30 volts should be used with a plate voltage
g'g %rc'l Vgltaget """""""""" R . . _:2 volts  ¢'750 volts in order to protect the tube in case of failure of bias or excita-
D-C Grid Current 000111 IIIIIIIIIIIIIIINIIIIIN ) ma ton The fixed bias may be reduced with lower plate voltage.
ze;k DR-F lnpgt Voltage . ......cviiiiiineninneecnn 510“ volts
- riving Power .. ... ... e . watts
Carrier Power Output ............ PR 12 watts PLATE TEMPERATURE
Peak Power QUtpUt . ... ... ...ttt 48 ¢ watts The plate of the RK-11 will not show color when operated at the maximum
SAt the peak of the a-f cycle with 1009, modulation. rated plate dissipation. Dissipations above the rated value should be avoided.
1300 55 110
AVERAGE PLATE CHARACTERISTICS 'ef- w AVERAGE CHARACTERISTICS P
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20 W o) / @ PIW Ep=750YDC I Toess |
y/ 504 < » ws; Ec=-120Y0C ‘e‘-) 1
x w8y oL 8~ H
, / \ 1/ 2 g‘(ﬁ y/ I |
00 4 N> / bse 033 L ATE EFFICIENCY. }
¢ Z 07 T N ‘
3 ) / Pow 60 “w
1500 e $d / N <7 OPERATING | N
5 L v 7 255 503 R o‘?/ POINT ] §
G / / / 347 &/Q/ i
& 9 200, 40 K )
¥ A e O/ /] & D — §
1003 g ? *
ol / / N s ¥ 1 ERN
W 20 < eR_L—"T |
5 / / » oY 2 G poWEZ~ 1 2 N
50 B & £ D 3&/ 1 S
/ / y 5 R | &
L o 0 /, 1 !/ Q
A / / / A/"\/ " 4 | — || az
0 ] o F4 7 6 8 /0 12 1a 16 18 20 22 24 26
0 100 200 300 4900 500 600 700 800 900 1000 - —
D-C PLATE VOLTAGE-VOLTS D-C GRID CURRENT = MA.
120 90
AVERAGE CHARACTERISTICS V RAVERAGE CHARACTERISTICS
R-F POWER AMPLIFIER - CLASS 8 a0 GRID MODULATION
E,=63YAC Ep=6.3YAC
100 Ep 750¥DC , Ep=1750YDC
Ec=-40YDC 0 Y/
80 ¥ 60 < H
f Yon
‘EEE 502%'»: 0PERATING R
£
0§3§ OPERATING §35§% SorRRTING o
g 3 POINT — — 0% 1 1 —4
VI RS V.
Qs Y 1
s8¢ w3 is
M ¥33 2 d
RS £Gs 7
M 2098 5 & s .
Ny LWy W ”
P 2 SR X /
338 | RN HIA
LNISIEN 08 S 5 L] gRE
Yy A | gy 1 L4 L grio ¢
, 2 & & L/ |t d¢d L] L — 0
0 10 20 30 20 50 80 70 80 90 100 7o -170 -165 -160 -I55 150 145 -/90 -|35 -130 -125 -120 -lI5 -120 -110 -100
PERK R-F GRID YOLTRGE - YOLTS I D-C GRID YOLTRGE ~VOLTS o
Rev. April 5. 1938 CS-1572

RAYTHEON ENGINEERING SERVICE

35



RAYTHEON AMATEUR TUBES

RK-12

TRIODE | aRvomer R-F POWER AMPLIFIER—CLASS C—TELEGRAPHY
P
POWER AMPLIFIER @ a Y  D-C Plate Volt MAXIMUM RATINGS 750 olts
- a oltage v
OSCILLATOR D-C Plate Current 105 ma
D-C Grid Current .. 40 ma
The RK-12 is a high-mu triode Plate Dissipation 25 walts
type power amplifier tube having a
thoriated tungsten filament and an 00 %
isolantite base. It |'sfde5|gne<|$' for D-C Plate Voltage 500 750 volts
use as a power amplhfier, osci ator A
or frequency multiplier. FOTTOMUEROrSOEHET D7 Gimre Curvemn ™ 11000 Tie oS Yoma
D-C Grid Current . .............. 32 35 ma
Peak R-F Input Voltage .............. 160 165 volts
FILAMENT RATING R-F Driving Power ............ ... .000.unn 4.6 5.2 watts
Power Output . ............c.coiiiiii.n 35 55 watts
Filament Voltage ............ 6.3 volts
Filament Current ............ 3.0 amp
TSOLANTITE R-F POWER AMPLIFIER—CLASS C—TELEPHONY
by PLATE MODULATION
meo Bast DIRECT INTERELECTRODE CAPACITANCES MAXIMUM RATINGS
U U "L Grid to Plate 7 upf D-C Plate VOItage ... ......couiteniiennneneninnnenn 600 volts
RN Input . .. 7 nuf D-C Plate Current 85 ma
Output . ... ... 09 nuf D-C Grid Current .. 40 ma
Plate Dissipation 17 watts
A-F POWER AMPLIFIER—CLASS B—TWO TUBES D-C Plate Voltage 600 volts
D-C GCrid Voltage ....... —100 volts
MAXIMUM RATINCS D-C Plate Current .......... gS ma
D-C Plate Voltage . ...........c.c.coooveiiieeeiis, 750 volts ~ ©-C Grid Current . ............ooo l ma
D-C Plate Current (per tube) ...................... 105 ma EengR,‘F. Inguf Voltage ;SBS vo'lzs
Plate Dissipation (per tube) . ............cceeueuennn 25 watts C;"ier"‘;,'gf/efg:;pd """"""""""" 30 e a:":
(Averaged over | cycle) A-F Modulating Power ................... 21 26 watts
Peak Power Output . ..............c..cv... 120 152 watts
TYPICAL OPERATION OPERATING NOTES
FREQUENCY RANCE
g_g g:ia(;ev\glc;l;;se‘ oIt i (7)50 :g::: The construction of the RK-12 allows operation at the maximum ratings at
D-C Plate Current (no .si.g.n.ali i 50 ma frequencies up to 60 megacycles. Above 60 megacycles reduced efficiency re-
D-C Plate Current (max. signal') o e 200 ma quires that the plate voltage be lowered to prevent the plate dissipation from
D-C Crid Current (max. signal) . .................... 659 r;'\a exceeding the maximum rated value.
Peak A-F Grid Voltage lgrid to grid) . ............... 12 volts
A-F Driving Power .. ...... ... .. iiiiiitiinranarnn 34 watts PLATE TEMPERATURE
Load Resistance (plate to plate) .................... 9600 ohms The plate of the RK-12 will not show color when operated at the rated
Power Oulput L e e 100 watts plate dissipation. Dissipations above the rated value should be avoided.
150 = 20
430 AVERAGE PLATE * o |AVERAGE CHARACTERISTICS -
/ﬁ/ » CHRRACTERISTICS \‘{_; Iy A-F POWER AMPLIFIER-CLASS B-TWO TUBES ‘{;
N 5.3, -
125 ”15// Ep=6.3YAC ,go$ [ A FPDWEPOurp(,?— 250
" / ,&7-0* L— E \\-\L ¢ p
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3 1 D s \ !
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RK-18 RAYTHEON AMATEUR TUBES RK-18
TRIODE VBAYONET R-F POWER AMPLIFIER—CLASS B—TELEPHONY
POWER AMPLIFIER 7 MAXIMUM RATINGS
9@ 09 D-C Plate VOIAge .. ...vuvrnieeenenneneineinennnn. 1250 volts
OSC"-LATOR D-C Plate Current (Carrier) . ...............oven..nn 50 ma
The RK-18 is a triode type power Plate Dissipation (Carrier) . ... ... 40 walts
amplifier tube having a thoriated TYPICAL OPERATION
tungsten filament, a molybdenum
plate and an isolantite base. It is QP @ D-C Plate Voltage ...............coiiiiiiniiiun. 1250 volts
designed for use as a power ampli- (1 &) g~<c: %gﬁev&;na%ﬁ p —‘7‘3 vo'::;
. - UFFeNT . . . it i it s e s e s e e e
25 max— |, fier, oscillator or freauency MUl yoryoy vieworSOCKET  Peak R-F Imput Voolfage | ... 1. 11111111 160% volts
> R-F Driving Power ... ...........c.uiiinninannaiann 2.1 % watts
. FILAMENT RATING Carrier Power OUTPUL ... ... iiiie e 18 . watts
X K> Filament Voltage ............ 75 volts Peak Power Output .. ........... ... ivienannnnn 72 % watts
- Filament Current ............ 3 amp A-F POWER AMPLIFIER LASS B—TWO TUBES
»! - —‘ o
e DIgEdCT LTITERELECTRODE CAPA"CSITANCES . MAXIMUM RATINCS
rid to Plate ............... : He D-C Plate VOItage . ...........euuuuuenuiuneeennen.. 1250 volts
Yridg Input ... ?8 ‘“‘; D-C Plate Current (per tube) ...................... 115 ma
con Output . ...ooviiiieinns ‘ #uf Plate Dissipation (per tube) ....................... 40 watts
T = R-F POWER AMPLIFIER OR OSCILLATOR— (Averaged over 1 cycle)
-t CLASS C TYPICAL OPERATION
MAXIMUM RATINCS 8 g glgéevv:)ltage ....................... !(5)00 1250 vouts
_ —Tel AY e 1250 Its rid Voltage . ....................... —4 0 volts
8_8 ;:::: V\g?tlgagie__TTeele;ghr:’r‘Jyy ve D-C Plate Current (no signal) ............. 35 35 ma
With Grid Modulation . ................c.cc.o... 1250 volts  D-C Plate Current (max. signal) ........... 230 220
With Plate Modulation ....................... 1000 volts ~ D-C Grid Current (max. signal) ............ 38 60 ma
D-C Plate CUrrent . ...........coveeneeoonemanneans 100 ma  Peak A-F Input Voltage (grid to grid)....... 268 352 solt
D-C Grid CUITeNt . @@t vttt e aa s 40 ma  A-F Driving Power ....................... 43 wolls
R-F Crid CUrrent ... ..o 5 amp Load Resistance (plate to plate) ........... 12000 18000 ohms
Plate Dissipation . ...........ciiiieiiiiiiieieaains 40 watts  Power Output ............... AR 150 190 watt,
*At the peak of the a-f cycle with 10095 modulation.
Telephony Telephony Telegraphy
TYPICAL OPERATION Grid Plate OPERATING NOTES
Modulation Modulation FREQUENCY RANCGE
Plate Voltage .. ............ 1250 1 1250 It The RK-18 may be operated at the maximum ratings at frequencies up to
g-g Cr?deVo?t.;sge ............... —Mg — (6)80 —16(5) 58"2 60 megacycles. Above 60 megacycles, the reduced efficiency realized requires
D-C Plate Current .. .... .. .00 38 80 100 ma that the plate voltage be lowered to prevent the plate dissipation from ex-
D-C Grid Current .. ...t 05 13 12 ma ceeding the maximum rated value.
Peak R-F Input Voltage .......... ;SQ& 26]5 255 volts BIAS
E;frig:"sgae‘?‘gﬂ"ph}' T ]'88" 24 %58 a:::: At least 60 volts of fixed bias should be used with 1250 volts on the plate
Peak A-F VoItage—»Pl;a.té. R - IOOO* o volts to protect the tube in case of failure of the bias or excitation.
ie:kMA—g 'V;:Itagep—Crid ......... ?05; —_ vo'I:s PLATE TEMPERATURE
A Poox; rgi'pg:ver L 256 " _ a:": hThe RK- 1'8 Jml'l s'b;:ow a light :her'rydcollor (%ee Plate Temperature Color Scale)
........ when operated a e max t
“At the peak of the a-f cycle w»ih 1009, modulation. rated value shoul!d be a"\‘/ovclirendum rated plate dissipation. Dissipations above the
150 120 —yTr YT
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RAYTHEON AMATEUR TUBES

RK-19

RK-19 RK-19 .

RK-21 RK-22 RK-21

RK-22 RK-22
TWIN DIODE TWIN DIODE

FULL-WAVE HICH VACUUM RECTIFIER

The RK-19 is a heater type full-wave high vacuum

600
AVEPAGE PLATE / A
CHARACTERISTIC / 2%
500 RK19 Ep=7.5Y (ONE PLRTE, /, W
RK-22 Epr25Y( 4 v A N
200 § /‘
' /
1S /
RK-21 500 & v,
&
3 /s
DIODE 200 4 ‘
~ /
HALF-WAVE HIGH VACUUM RECTIFIER §
100 % /
The RK-21 is a heater type half-wave high vacuum rectifier tube designed Q /
tor use in d-c power supplies delivering approximately 1000 volts d.c. The
RK-21 has a low internal voltage drop approachipg that of mercury vapor
tubes and operates without generating the r-f noise common to mercury vapor 0
tubes. o 0 20 30 40 5 60 720
D-C PLATE VOLTRGE - YOLTS
600
HEATER RATING AVERAGE PLATE //
Heater Voltage . ..........cciiiiiinmineennnnnnnn 25 volts CHARACTERISTIC 4
Heater CUMENt . ......uiuinveeenununnnnnennenns 4 amp 500 E=25Y 4
/
MAXIMUM RATINGS 4
0 y4
A-C Voltage per Plate . ......... ... ceiiieviinnnn 1250 volts Q /
Peak Inverse Voltage . ...ttt 3500 volts 3 //
Peak Plate Current ... ......... .0 veiiiineaenan 0.6 amp JDO’I‘ 4
D-C Output Current (condenser input filter) . ........ 0.2 amp E //
g ,
N 4
200 ¥ <
OPERATING NOTES N
<
CAUTION g
700 Y A
The cathode should always be allowed to reach operating temperature before 4
the plate voltage i1s 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- ° 0 0 20 30 40 50 60 20
vent strain on the top cap. Connection to the top cap should be made with a O-C PLATE VOLTRGE-YOLTS
chip or spring clamp. The lead wire must not be soldered to the top cap.
Rev. April 8, 1938 CsS-914
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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 rectifier tube designed for use in d-c power supplies
delivering approximately 1000 volts d.c. The RK-19 delivering approximately 1000 volts d.c. The RK-22 has
has a low internal voltage drop approaching that of a low internal voltage drop approaching that of mercury
mercury vapor type tubes and operates without gen-  vapor type tubes and operates without generating the \eavoner
erating the r-f noise common to mercury vapor tubes. r-f noise common to mercury vapor tubes.
HEATER RATING HEATER RATING
Heater Voltage .......... 1.5 volts Heater Voltage 25 volts
Heater Current .......... 2.5 amp Heater Current 8 amp
MAXIMUM RATINGS MAXIMUM RATINGS
\ A-C Voltage per Plate. . ... 1250 volts A-C Voltage per Plate........ 1250 volts
Peak Inverse Voltage ..... 3500 volts Peak Inverse Voltage ........ 3500 volts
. Peak Plate Current per Plate 0.6 amp Peak Plate Current per Plate. . 0.6 amp
':z“ D-C Output Current ...... 0.2 amp D-C Output Current ......... 0.2 amp
Lt (Condenser input filter) (Condenser input filter)
NN
)
©
;ﬁ"n OPERATING NOTES OPERATING NOTES
Ao CAUTION CAUTION
'@ The cathode should always be allowed to reach The cathode should always be allowed to reach operat-
N operating temperature before the plate voltage is ing temperature before the plate voltage is applied. For
o applied. For average conditions this delay should be average conditions this delay should be at least 30
iy at least 30 seconds. seconds.
ﬁ%’ :n'q, The plate leads from the power transformer should The plate leads from the power transformer should
MEDIUM ) be of flexible wire to prevent strain on the top caps. be of flexible wire to prevent strain on the top caps.
sAsE 1 4 Connection to the top caps should be made with a Connection to the top caps should be made with a clip (4]
N clip or spring clamp. The lead wires must not be  or spring clamp. The lead wires must not be soldered RA-22
U U . soldered to the top caps. to the top caps. BOTTOM VIEWS OF SOCKETS
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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-

~—?,7§ f,;z}_-" 1" lator or frequency multiplier. The
a! RK-20A may also be used in circuits
. ?{" employing suppressor or control grid
B modulation. BOTTOM VIEW OF SOCKET
’-{‘l FILAMENT RATINGC
~ Filament Voltage ........... 1.5 volts
Filament Current ............ 3.25 amp
DIRECT INTERELECTRODE CAPACITANCES
?nd to Plate ?.OI uu;
150087/ nput . ......... PN 4 nu
qoe Output . ..., 12 upf
MED RRSE
<t R-F POWER AMP, OR OSC.—CLASS C
S MAXIMUM RATINGS
- D-C Plate Voltage—Telegraphy . 1250 volts
D-C Plate Voltage—Telephony
With Control or Sup. Grid Modulation. .. .......... 1250 volts
With Plate & Screen Modulation. ................ 1000 volts
D-C Screen Voltage . .........coviiiiiinnieneinnnnnn 300 volts
D-C Plate Current ' ... ... ..t iiiininniirnnenaennnn 92 ma
D-C Control Grid Current ... ... ... iiineannn 15 ma
R-F Control Grid Current . ............cctviiiinennn 5 amp
Plate Dissipation ............ ...ttt 40 watts
Screen Dissipation ... ....... ... et 15 watts
Telephony Teleph Teleph Telegraphy
Control Suppressor Plate &
TYPICAL OPERATION  grig T Sereen
Modulation Modulation Modulation
D-C Plate Voltage 1250 1250 1250 1000 1250 1250  volts
D-C Screen Voltage 300 300 300 300 300 300 volts
D-C Sup. Grid Volt. (o] +45 --45 0 0 +45 volts
D-C Con. Crid Volt, —142 —142 —100 ~—100 —100 —100 volts
D-C Plate Current 40 40 48 75 80 92 ma
D-C Screen Current 7 7 44 30 43 36 ma
D-C Con.GridCurrent 1.8 1.8 11.5 10 1.5 115 ma
Screen Resistor — — — 23000t — — ohms
Peak R-F Input Volt. 160 160 140 145 155 155 volts
R-F Driving Power 1.5%  1.5% 1.5 1.3 1.6 1.6 watts
Carrier Power Output 17 20 21 52 64 84 watts
Peak A-F Volt.—Plate — — — 1000* — — volts
Peak A-F Volt.—Crid 30* 30% 75 % 300 * — — volts
A-F Modulating Power 0.3* 0.3* 0.36* 52 — — watts
Peak Power Output 68+ 80* 84 ¥ 208 * — —_— watts

®At the peak of the a-f cycle with 10095 modulation.
tConnected to plate end of modulation trans. and by-passed for r.f. only.
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K
R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINGS

D-C Plate Voltage .. ...... .. ... . .iiiiiinennnn.. 1250 volts
D-C Screen Voltage ......... ...t 300 volts
D-C Plate Current (Carrier) . ..........c.coiiuiuiininn.nn 70 ma
Plate Dissipation (Carrier) . ............cccovinnnnnn 40 watts
Screen Dissipation (Carrier) .......... .. ... iinnann 15 watts

D-C Plate Voltage . ....... ... . ciiiiiiin tivininnnn 1250 volts
D-C Screen Voltage . .......... ... iiiiiniiinnnnnnn 300 volts
D-C Suppressor Grid Voltage . ....................... (o] volts
D-C Grid Voltage ... ...ttt ettt e —30 volts
D-C Plate Current . ... ... ... .. .. iiiiiinannann 43 ma
D-C Screen Current ... .. ... ittt 15 ma
Peak R-F Input Voltage. . ... ... ... ... .. iiiin.nn 70 * volts
R-F Driving Power . .......... ... ... iiiiimnainnn 0.5¢ volts
Carrier Power Output . .. .. ... .. ... it iteniennennns 16 watls
Peak Power Output . ... ....... ... ... .ciiiiinianannnnn 64 * watts

*At the peak of the a-f cycle with 1002, modulation.

OPERATINGC NOTES
FREQUENCY RANGE

The RK-20A may be operated at the maximum ratings at frequencies up to
30 megacycles. At frequencies between 30 megacycles and 60 megacycles the
maximum d-c plate voltage should not exceed 900 volts. The operation of the
tube at frequencies higher than 60 megacycles is not recommended.

EXCITATION

The Class C amplifier characteristic curves show the power output, plate cur-
rent and screen current plotted vs. excitation as denoted by the control grid
current in milliamperes. The power output flattens off around 11 or 12 ma.
of grid current with very little gained beyond these values. The screen dissipa-
tion increases with excitation and for this reason the excitation should be kept
at a reasonable value.

SCREEN VOLTACE

The screen voltage may be obtained either from a separate source or through
a dropping resistor from the plate supply. The screen should always be by-
passed to the filament midpoint for r.f.
SHIELDING

Shielding of the grid input tuning system from the plate tuning apparatus
is desirable and will provide improved stability. If a shield is applied to the
RK-20A it should enclose the base and extend to the lower internal shield and
should clear the glass bulb by at least 1/16”.
BIAS

Battery bias, or at least partial battery bias on the control grid is recom-
mended. Additional bias may be obtained by placing a resistor in series with
the battery.
CRYSTAL OSCILLATOR

Using crystal control, 50 watts of r-f power output may be obtained without
overheating the crystal.
PLATE TEMPERATURE

The plate of the RK-20A will not show color when operated at its rated
plate dissipation. Dissipations above the rated value should be avoided.

D-C CONTROL GRID CURRENT-MA.
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RK'23 RAYTHEON AMATEUR TUBES RK-23
RK-25 : -
RK-258 PENTODE R-F POWER AMPLIFIER—CLASS B—TELEPHONY gﬁ ggB
5 @ POWER AMPIJF'ER D-C Plate Voltage MAXIMUM.RAUNCS 500 i volts
OSCILLATOR D-C Screen Voltage ... ........ooiiiiiiiiiiii. 250 volts

The RK-23 and the RK-25 are
heater type pentode power amplifier
tubes having isolantite bases. The
RK-25B is similar to the RK-25 ex-
cept that the base is of bakelite.
These tubes are designed for use as
power amplifiers, oscillators or fre-
quency multipliers. They may also

©
537'-—_.J

N .3? be used in circuits employing sup-
28 mai pressor or control grid modulation. .25
HEATER RATING RK.23 RK-258
Heater Voltage 2.5 6.3 volts
Heater Current . ... 2 0.9 amp
152006 DIRECT INTERELECTRODE CAPAongANCES ‘
b Crid to Plate . .............. . pu
a?/’e%f:’m Input .. ... 10 nuf
OutpuUt ... i e 10 nuf

R-F POWER AMP. OR OSC.—CLASS C
MAXIMUM RATINGCS

Ut

D-C Plate Current (Carrier) 35 ma

Plate Dissipation (Carrier) 10 watts
Screen Dissipation (Carrier) 8 watts
D-C Plate Voltage ... .....c.ociii et innnnnnneannn, 500 volts
D-C Screen Voltage ..........c.coiuiiiuininneennnionn 200 volts
D-C Suppressor Grid Voltage 0] volts
D-C Control Crid Voltage .......... .. --38 volts
D-C Plate Current . .............c.... 30 ma
D-C Screen Current .. ... ...ttt 12 ma
Peak R-F Input Voltage ...........c.ciiiinnierunnn 80 # volts
R-F Driving Power . .........cciiiiiiiniininnneann. 0.24% watts
Carrier Power Output . ...... .. ... iiiiiiiinanana., S watis
Peak Power Output . .......... ... uiiiiiennennannnn 20 * watts

*At the peak of the a-f cycle with 1009, modulation.
OPERATING NGTES
FREQUENCY RANCE

The RK-23, RK-25 and RK-25B may be operated at the maximum ratings at
frequencies up to 30 megacycles. Above 30 megacycles the reduced efficiency

D-C Plate Voltage—Telegraphy . 500 volts realized requires that the plate voltage be lowered to prevent the plate dissipa-
D-C Plate Voltage—Telephony tion from exceeding the maximum rated value.
With Con. or Sup. Crid Modu!ation ............... 500 volts EXCITATION
With Plate G Screen Modulation. ................ 400 volts The Class C amplifier characteristic curves show the power output, plate cur-
D-C Screen Voltage .............ccvieiiaiinns 250 volts rent and screen current plotted vs. excitation as denoted by the d-c control grid
D-C Plate Current ........ ..ottt 60 ma current in milliamperes. The power output flattens off around 4 or S ma. of
D-C Control Grid Current ... 10 ma grid current with very little gained beyond these values. The screen dissipation
Plate Dissipation .............ccoiiiiiiiiiienn 10 watts increases with excitation and for this reason the excitation should be kept at a
Screen Dissipation .. ... ... 8 watts reasonable value.
Telephony Telephony Telephony Telegraphy SCREEN VOLTAGE
Control Suppressor  Plate & The screen voltage may be obtained either from a separate source or through
TYPICAL OPERATION Grid Grid Scereen d i ist f h .
Mosr it on Mo eion Medulation gassrggptlggthreesclitﬂodzo%r'r.ﬁ. plate supply. The screen should always be by
D-C Plate Voltage 500 500 500 400 500 500 volts SHIELDING
D-C Screen Voltage 200 200 200 150 200 200 volts Shielding of the grid input tuning system from the plate tuning apparatus is
D-C Sup.CridVoltage O +45 —45 0 0 +45 volts desirable and will provide improved stability. If a shield is applied to the RK-
D-C Con.CridVolt. —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
?‘C Con.CridCurrent 1.5 15 4 83004 ‘_‘_ ‘_;_ oh"r:\‘: At least 25 volts of fixed bias should be used with 500 volts on the plate
Pcre:rr\lRFeslnstor' Volt GO EO 1—'5 145 135 135 volts to protect the tube in case of failure of the bias or excitation. Additional bias
R:_a: Dri»vingn%:)we? . 1 15k 05 0S8 05 0s watts may be obtained by the use of a grid or cathode resistor.
Carrier Power Output 5.5 6.5 6 135 18 22 watts CRYSTAL OSCILLATOR )
Peak A-F Volt.—Plate — — — 400% —_ — volts Using crystal control, 20 watts of r-f power output may be obtained without
Peak A-F VoIt —Crid 45 % 4S5 % 75 % 150% - — volts overheating the crystal.
A-F Modulating Power 05% 0.55% 0.3¢ 14.5 —_ —_ watts PLATE TEMPERATURE
Peak Power Output 22% 26 * 24 % 54 ¢ — — 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 &Q
. OSCILLATOR
~e
A The RK-24 is a triode type ampli-
20 tier tube having a coated filament
| ) and an isolantite base. It is designed o@ %
— 15 5 fione for use as an amplifier or 'oscnllator
Do in transceivers and portable equip-
SOLANTITE e ment at ultra-high frequencies. | BOTTOM VIEW OF SOCKET
Fosone | ™ will supply more power output and
SMRLL BA% give better life than the type 30 in
,kl, these applications.
U i FILAMENT RATING
' Filament Voltage ............ 2.0d-c volts
Filament Current . ... ....... 0.12 amp

INTERELECTRODE CAPACITANCES

DIRECT

RAYTHEON AMATEUR TUBES

RK-24
R-F AMPLIFIER OR OSCILLATOR—CLASS C
MAXIMUM RATINGS

D-C Plate VOMABE ... .o\ iiit e ens 180 volts
D-C Plate Current .. ... .. ... ceeerinnrnn .. 20 ma
D-C Grid Current ... .. 6 ma
Plate Dissipation . ........ .. ...t 1.5 watts
TYPICAL OPERATION

D-C Plate VOItage . .. ...t ans 180 volts
D-C GCrid VOIABE o\ ottt e —A45 volts
D-C Plate Current . .. ... 16.5 ma
D-C Grid Current . . ... s 6 ma
Peak R-F Input Voltage ...........c.oiiiinninnns 92 volts
R-F Driving POWer ... ... ... ..ottt 0.5 watts

2 watts

Power OQUIPUl . .. o e
OPERATING NOTES
FREQUENCY RANCE

The RK-24 is particularly adapted for use in circuits operating at frequencies
from GO to 112 megacycles

FILAMENT VOLTAGE
The filament voltage at the socket of the RK-24 should be maintained at

2 volts in order to insure long life.
PLATE TEMPERATURE

! ' gg ““: The plate of the RK-24 will not show color when operated at the maximum
Onuptuut 30 “"f rated dissipation. Dissipations above the rated value should be avoided.
DU oo e . up TRANSCEIVER
The circuit below is the "Minute Man' receiver converted for use as a trans-
A-F AMPLIFIER—CLASS A ceiver as shawn in A.R.R.L.'s QST-magazine for September 1936.
ANl » ",
MINUTE MAN TRANSCEIVER
MAXIMUM RATINGS 'C4
D-C Plate Voltage 180 volts
Plate Dissipation 1.5 watts PHONES
¢
4
RFC
D-C Plate Voltage 180 volts
D-C Crid Voltage —135 volts
D-C Plate Current 8 ma
Amplification Factor ............ 8 W
Plate Resistance ................ 5500 5300 5000 ohms
Transconductance . .............. 1450 1500 1600 pmhos & 1 _ s
Load Resistance ................ 5000 9000 12000 ohms § |
Power Outout .................. 25 110 250 mw +A -R -8 +8 135Y
C, —Two-plate midget variable, R, —3 ohms
low loss R. —10,000 ohms
Cyg —100 uptd. R, —5 megohms.
Cy —0.25 ufd. R, —50.000 ohms variable
C, —0.1 utd. . L, —Four turns in flat spiral
L. —10 turns No. 14, 15 inch inside diameter, spaced diameter of wire.
T —Transceiver Transformer,
RFC—45 turns No. 25 cotton-covered wire, inside diameter Y4 inch, close wound
and self-supporting.
£, RAVERAGE CHARRACTERISTICS \\"P’,L
RVERAGE PLATE CHARACTERISTICS }-’? R-F POWER AMPLIFIER-CLASS C NG
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- N
'2,3 DIAMAX -+ |

The RK-28

PENTODE

POWER AMPLIFIER

OSCILLATOR

is a pentode type
power amplifier tube having a thor-
iated tungsten filament, a molyb-
denum plate, a hard glass bu
isolantite base. It
for use as a power amplifier, oscil-
lator or frequency multiplier.
RK-28 may also be used in circuits

is designed

The

Ib and\Z @

RAYTHEON AMATEUR TUBES

} BAYONET

employing suppressor or control grid
mg (ngg) o rodulation. BOTTOM VIEW OF SOCKET
N FILAMENT RATING
o Filament Voltage 10 volts
Yo Filament Current 5 amp
LY
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate (1)502 ;Ay;
A — Input . ......
24 "o —— np
L seeonc Output . ... ... 15 puf
I: ISOLANTITE R-F POWER AMP. OR OSC.—CLASS C
> E“YM’ s M biare Vatage— Telegraphy 2000 I
Q] - - ate Voltage—Telegraphy volts
ie UUHUU o D-C Plate Voltage—Telephony
34 DIRAN CIRCLE With Con. Grid or Sup. Grid
’z-mqp,,,, Modulation .......... 2000 volts
With Plate—-Screen Mod. 1500 volts
D-C Screen Voltage ......... 400 volts
D-C Plate Current . ......... 150 ma
D-C Control Grid Current . ... 25 ma
R-F Control Crid Current 8 amp
Plate Dissipation ........... 100 watts
Screen Dissipation ......... 35 watts
Telephony Telephony Telegraphy
TYPICAL OPERATION Control Suppressor Plate &
G Grid Secreen
Modulation  Modulation Modulation
D-C Plate Voltage 2000 2000 2000 1500 150 2000 2000 volts
D-C Screen Voltage 400 400 400 400 400 400 400 volts
D-C Sup. Grid. Volt. +45 —45 0 +-45 0 445 volts
D-C Con. Grid Volt. —140—140 —100 --100 --100 100 —100 volts
D-C Plate Current S 80 85 135 135 120 150 ma
D-C Screen Current 20 65 64 52 75 55 ma
D-C Con. Grid Current 4 13 13 13 13 13 ma
Screen Resistor — —- 17000 21000t — ——  ohms
Peak R-F Input Volt. 170 150 170 170 170 170 volts
R-F Driving Power 35#% 1.8 2.0 20 20 20 watts
Carrier Power Output 75 60 135 155 160 210 watts
Peak A-F Volt.—Plate — — 1500 1500% — — volts
Peak A-F Volt.-—Crid 50 = 90 * 400 # 400 * — @ — volts
A-F Modulating Power 1.0 = 1.2 % 150 140 — —  watts
Peak Power Output 300 240% 540 *» 620 * — —  watts
¢At the peak of the a-f cycle with 1000, modulation.
$Connected to plate end ot modulation trans. and by-passed for r.f. only.
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RK-28

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

D-C Plate Voltage 2000 volts
D-C Screen Voltage 400 volts
D-C Plate Current 80 ma
Plate Dissipation (Carrier) ...........c.ccoieiinieonon. 100 watts
Screen Dissipation (Carrier) . ........ ... 35 watts
TYPIC.\L OPERATION
D-C Plate Voltage .......... ... .o 2000 volts
D-C Screen Voltage . ............coiiiiinnnnennnns 400 volts
D-C Suppressor Crid Voltage . ....................... (0] volts
D-C Control Grid Voltage ............c.oiiiuiunnn —38 volts
D-C Plate Current . ......... ...t iiiniinrinnnnnnn 75 ma
D-C Screen Current . ............iniiiuiiii i 30 ma
Peak R-F Input Voltage 90 * volts
R-F Driving Power . ........... 09 * watts
Carrier Power Output ......... 50 watts
Peak Power Output .. ........ ... ...c..iiiiiiuiinnnnns 200% watts

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

OPERATING NOTES
FREQUENCY RANCGE
The RK-28 may be operated at the maximum ratings at frequencies up to
30 megacycles. Above 30 megacycles the reduced efficiency realized requires
that the plate voltage be lowered to a maximum of 1500 volts to prevent the
plate dissipation from exceeding the maximum rated value. The operation of
the tube at frequencies higher than 60 megacycles is not recommended.

EXCITATION

The Class C amplifier characteristic curves show the power output, plate cur-
rent and screen current plotted vs. excitation as denoted by the d-c control grid
current in milliamperes. The power output flattens off around 12 or 13 ma. of
grid current with very little gained above these values. The screen dissipation
increases with excitation and for this reason the excitation should be kept at
a reasonable value.

SHIELDING

Shielding of the grid input tuning system from the plate tuning apparatus
is desirable and will provide improved stability. If a shield is applied to the
RK-28 it should enclose the base and extend to the lower internal shield and
should clear the glass bulb by at least 1/16".

BIAS

At least 20 volts of fixed bias should be used with 2000 volts on the plate
to protect the tube in case of failure of the bias or excitation. Additional bias
may be obtained by the use of a grid or cathode resistor.

CRYSTAL OSCILLATOR

Using crystal control, 150 watts of r-f power output may be obtained with-
out overheating the crystal.
PLATE TEMPERATURE

The plate of the RK-28 will show a light red color (See Plate Temperature
Color Scale) when operated at the maximum rated plate dissipation. Dissipa-
tions above the rated value should be avoided.
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RAYTHEON AMATEUR TUBES

RK-30

TRIODE R-F POWER AMPLIFIER—CLASS B—TELEPHONY
— BAYONET MAXIMUM RATINCS
POWER AMPLIFIER o ﬂ | a D-C Plate (\:/oltage ................................ ;%50 volts
D-C Plate Current (Carrier) ............. e ma
OSCILLATOR 43 @ Plate Dissipation (Carrier) . .........c.coeveeeenennnns 35 watts
The RK-30 is a triode type power
amplifier tube having a thoriated TYPICAL OPERATION
e tungsten filament, a molybdenum D-C Plate Voltage . .....civiinretionnnneenennnnns 1250 volts
© plate and an isolantite base. It is q G D-C Grid Voltage . .. ... ...ttt itiiminneeneann —70 volts
s designed lllor use as a power am;lali- 0 0 D-C glateCCurrenf ................................ ‘1103 ma
. fier, oscillator or frequency multi- D-C Grid Current . .. ... ..ttt ittt . ma
bl plier. BOTTOM VIEWOF SICKET  peak R-F Input Voltage ........................... 200: volts
4|  AMPLIFICATION FACTOR 15 Carver Poger Oumpur 111 dg T s
Peak Po OutpUt ..o e s 2 s watts
FILAMENT RATING wer Butey
ISOLANTITE Filament Voltage 7.5 volts
Srrone . Filament Current 325 amp A-F POWER AMPLIFIER—CLASS B—TWO TUBES
8AYONET MAXIMUM RATINCS
DIRECT INTERELECTRODE CAPACITANCES D-C Plate Voltage .............couiiinieneninnnnnnnn 1250 volts
U U "‘lm Grid to Plate . ..o oo, 25 unf D-C Plate Current (per tube) ...................... 80 ma
— - 10PUL o eeeeeee s 2.5 wuf Plate Dissipation (per tube) .......... ettt 35 atts
OUtPUt o\t iee e 2,75 unf (Averaged over | cycle)
R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C b.C Plate Vol TYPICAL OPERATION 1250 "
MAXIMUM RATINGS D-C Crid Voirage .11 LI <0 volts
D-C Plate Voltage—Telegraphy . ..................... 1250 volts  D-C Plate Current (no signal) ...........cccuuuunn.. 30 ma
D-C Plate Voltage—Telephony D-C Plate Current (max. signal) .................... 130 ma
With Grid Modulation ......................... 1250 volts  D-C Grid Current (max, signal) . .................... 26 ma
With Plate Modulatiol 1000 volts  Peak A-F Input Voltage (grid to grid) ................ 300 volts
D-C Plate Current .. 80 ma  A-F Driving Power ................. 34 watts
D-CGrid Current . ................ 25 ma Load Resistance (plate to plate) .. 21000 ohms
Plate Dissipation—Telegraphy 35 Watts  Power OUIDUL .. ... ... ... 106 watts
Plate Dissipation—Telephony . %At the peak of the a-f cycle with 1007, modulation.
With Grid Modulation (Carrier) . ............... 35 watts
With Plate Modulation (Carrier) ................ 23 watts OPERATING NOTES
Telephony  Telephony  Telegraphy FREQUENCY RANCE X . X
TYPICAL OPERATION Grid Plate The RK-30 may be operated at the maximum ratings at frequencies up to
Modulation Modulation 60 megacyc!esdAt frequenclies be:‘weleé\ 60 megacycl]e(s)oand I120 x\egacyﬁlzca
the maximum d-c plate voltage should not exceed volts. bove
D-C Plate Voltage .............. 1250 1000 1250 volts .
D-C Grid Voltage . ... ... . 00" 140 —200 —180 volts megacycles the maximum d-c plate voltage should not exceed 750 volts.
g-g glactjeCCunenf .............. ?OS 8(5) “98 ma BIAS
-C Crid Current ............... : ! ma At least 55 volts of fixed bias should be used with 1250 volts on the plate
s?:kosi—vﬁnlgn[;’uo'w\e/?“age """"" :75():, 2250 2220 v:/’:":: to protect the tube in case of failure of the bias or excitation. The fixed bias
Carrier Power Output ........... 18 60 85 watts may be reduced with lower plate voltages.
Peak A-F Modulating Voltage 60 * 1000+ — volts PLATE TEMPERATURE
Q.Fk NFI’odulafgug' Power ...... 0~25: ‘2‘2 — watts The plate of the RK-30 will show a dull, cherry red color (See Plate Tempera-
eak Power Output ............. 2= 0 * — watts  4ure 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 31 RAYTHEON AMATEUR TUBES RK_31
3600 TRIODE |savoneT R-F POWER AMPLIFIER—CLASS C—TELEGRAPHY
MAXIMUM RATINGS
POWER AMPLIFIER ) D-C Plate VOMAGE .« .« et 1250 volts
D-C Plate Current ... ... .. ..t 100 ma
OSCILLATOR 6 D-C Grid Current . .. . .. e 35 ma
| . . R-F Grid CUrrent . .. .o u i ettt i e 5 amp
i The RK-31 is a high-mu triode Plate DisSiPAtION . i veetre e 40 watts
power amplifier tube having a thori-
ated tungsten filament, a molyb- o
SRS N denum plate and an isolantite base. &) D-C Plate VOItage . .......oovmoneanunaninneneens 1250 volts
= It 1s designed for use as a power D-C Grid Voltage . .. —80 volts
o amplifier, oscillator or frequency BOTTOM VIEW OF SOCKE D-C Plate Current 100 ma
e multiplier. D-C Grid Current 30 ma
X, Pcak R-F Input Voltage 145 volts
<) R-F Driving Power . _...... ... .. .. 39 watts
E FILAMENT RATING Power OUIPUL ..\t i ittt 90 watts
~
Filament Voltage .......... 7.5 volts
O TE Filament Currer%t .......... 3.0 amp R-F POWER AMPLIFIER—CLASS C—PLATE MODULATION
{oeons MAXIMUM RATINGS 1000 "
£7 D-C Plate Voltage .. ... ...t iniiinnennenn volts
Tk DIRECT INTERELECTRODE CAPACITANCES D-C Plate Current ... ....... ... llllllINIIN 100 ma
I Grid to Plat 10 f D-C Grid Current .. ... .ttt 35 ma
Ir:;)m°_ __al"z".::": O ﬁ‘;f Plate DisSiPAtiON . .. oo et ae e e e e eeennnns 30 watts
Output ... 2 puuf
D-C Plate Voltage ... é(O)OO voll:s
D-C Grid Voltage .. .. — volts
A-F POWER AMPLIFIER—CLASS B—TWO TUBES D.C Plate Current 100 ma
D-C Crid Current 28 ma
MAXIMUM RATINCS Peak R-F lnput VOMage . .......veeinuneunnnnennn, ;450 volts
D-C Plate Voltage . ...............coiiiiiiiiiiain. 1250 volts R-F Driving Power . ........ ... ... .. ... .ciinnnn . watts
D-C Plate Current (per tube) 115 ma Carrier Power Output ... ... ... .. .. .. .ccieiinenn. ;8 vwv:I::
Plate Dissipation tper tube) . ..................cu...- 40 watts  A-F Modulating Power .............. ... 380 I
(Averaged over | cycle) Peak Power Output ............... ... c.ociineans watts
OPERATING NOTES
TYPICAL OPERATION FREQUENCY RANGE
D-C Plate Voltage 1000 1250 volits The RK-31 may be operated at the maximum ratings at frequencies up to
D-C Grid Voltage . volts 30 megacycles. Above 30 megacycles the reduced efficiency realized requires
D-C Plate Current (no signal) ......... 25 35 ma that the plate voltage be lowered to prevent the plate dissipation from exceed-
g-g glaéeCCurrent tmax. signal) 230 2%0 ma ing the maximum rated value.
- ri urrent (max. signal) 65 7 ma
Peak A-F Input Voltage (grid to grid) ...... 14) 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 (plate to plate) ............ 11000 18000 ohms  perature Color Scale) when operated at the maximum rated plate dissipation.
Power Output . .............c.ccvvriieinann. 160 0 watts Dissipations above the rated value should be avoided.
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RAYTHEON AMATEUR TUBES RK"32

TRIODE SAYONET R-F POWER AMPLIFIER—CLASS C—TELEPHONY
1
POWER AMPLIFIER MAXIMUM RATINGS
OSCILLATOR Grid Plate
The RK-32 is a triode typ'e1 poweé Modulation Modulation
amplifier tube having a thoriate
tungsten filament, a fantalum plate D-C Plate Voltage e 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
LOJ(se,raesquaen:zzw;ruﬁgﬁlelrfler, oscillator Plate Dissipation (Carrier) . ............... 50 32 watts
AMPLIFICATION FACTOR 1! BOTTOMVIEW OF SCKET
FILAMENT RATING TYPICAL OPERATION
Filament Voltage volts D-C Plate Voltage ........... ... .. 1250 1000 volts
Filament Current amp D-C Crid Voltage ............ccouvuunn... —200 —310 volts
DIRECT INTERELECTRODE CAPACITANCES D-C Plate Current . ...... ... ... ...t 60 100 ma
Grid to Plate ovovvvnnnnn. .. 34 upt D-C Grid Current . ....................... 1.2 21 ma
INPUt . e 25 i Peak R-F Input Voltage .................. 235 415 volts
Output ... 0.7 upf R-F Driving Power . ........c..c.ouvuiueinnnn 5 % 8.7 watts
R-F POWER AMPLIFIER—CLASS C—TELEGRAPHY Carrier Power Output . ................... 25 70 watts
MAXIMUM RATINGS Peak A-F Modulating Voltage ............. 100%* 1000* volts
D-C Plate Voltage ..........coiiiiuineininenennenn 1250 volts A-F Modulating Power ................... 2.1 » 50 watts
D-C Plate Current . ............ciiiiiiiiiiiinnen 100 ma Peak Power OUtPUt ... v evevireeennnnn. 100% 280 * watts
D-C Grid Current ... ...ttt 25 ma . .
Plate DissIPation . ............ccviiiuniiiieniiennns 50 watts  TAt the peak of the a-f cycle with 1009 modulation.
TYPICAL OPERATION
D-C Plate Voltage ...........ciiiiniiiiinininannns 5%20 vo::s
D-C Grid Voltage ...........ciiiiiiiiiiiiiiinnnn, .- volts
D-C glaéeCCurrent e e e e e }go ma OPERATING NOTES
D-C Gri urrent ... i e e, . ma
Peak R-F Input Voltage ............ ... .. vinvnn 380 volts FREQUENCY RANCE
R-F Driving Power . ........ ... i iiiiiiiiineenans 4.8 watts The RK-32 may be operated at the maximum ratings at frequencies up to
Power Output . ....... ... .. ... i 90 watts I’:SO mhegaclycles. ‘Abovi lSOdmegacycles the reguced 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
MAXIMUM RATINGCS than 300 megacycles is not recommended.
D-C Plate Voltage . .........coviiiiiinnnteinnnnens 1250 volts
D-C Plate Current . .........oiiriiiiinnniennen Cees 66 ma BIAS
Plate Dissipation . ............coiuiiiiiniiineennnnenn 50 watts
TYPICAL OPERATION At least 90 volts of fixed bias should be used with 1250 volts on the plate
D-C Plate VOItage . ... ..ieiitieeneinenennannn 1250 volts to protect the tube in case of failure of the bias or excitation. Additional bias
D-C Grid VOIagEe . ... ..tiiieiinennannns . —l20 volts ~ may be obtained by the use of a grid or cathode resistor.
E-C Pla}e lCurren\; famg 77T ggo r;;a
eak R-F Input Voltage ............... ... ccveun.. * volts
R-F Driving Power . .........c..iiieiiiniiiiinnieenn . 25 watts PLATE TEMPERATURE
Carrier Power Output . .............cccuinnnnnnan 21 watts The plate of the RK-32 will show an orange color (See Plate Temperature
Peak Power Output ...............0c0vvuu... s 84 watts Color Scale) when operated at the maximum rated plate dissipation. Dissipa-
tAt the peak of the a-f cycle with 10095 modulation. tions above the rated value should be avoided.
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RAYTHEON AMATEUR TUBES

280 a0
T TWIN TRIODE
AMPLIFIER
i OSCILLATOR
Q':S The RK-33 is a heater type twin
Ny triode amplifier tube having an iso-
-ﬁ; lantite base. It is designed for use
in circuits where but one triode is
o operated at the maximum ratings. BOTTOM VIEW OF SOCKET
1UanTTE x5 One triode may be operated at the
WAL BRSE maximum ratings as a Class C am-
plitier or oscillator while the other
. triode is operated as a low power
wy oscillator, resistance coupled ampli-
—t 1 tier or detector.
HEATER RATING
Heater Voltage ... .. ... ... it iiiiiiinnnnnnnnn. 6.3 volts
Heater Current . .. .. . ... it 0.6 amp

DIRECT INTERELECTRODE CAPACITANCES
Left Triode Right Triode

RK-33

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

D-C Plate Voltage 250 volts
D-C Plate Current . 20 ma
D-C Crid Current 6 ma
Plate Dissipation 25 watts
D-C Plate Voltage 250 volts
D-C GCrid Voltage —60 volts
D-C Plate Current 20 ma
D-C GCrid Current 6 ma
Peak R-F Input Voltage ........ ...t iiiiiann 100 volts
R-F Driving Power . ... ......uuieiiniinnns 0.54 watts
Power OUtpUt . .. .. . e 35 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.

Gridto Plate ... ... it 3 2 uunf BIAS
INPUL e 3 2 uuf At least 15 volts of fixed bias should be used with 250 volts on the plate
OUtPUt . e 2.5 25 puf 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 RATINCS rated plate dissipation. Dissipations above the rated value should be avoided.
D-C Plate Voltage . ............uiiiiiiannnnon. 250 volts
Plate Dissipation . ... ............. .. . ... .. 2.5 watts
TYPICAL OPERATION
D-C Plate Voltage ............ ...ttt 250 volts
D-C Grid Voltage . ...... ... i, —16.5 volts
D-C Plate Current ... ... ... ... .. it 8 ma
Amplitication Factor ................. ... 10.5
Plate ResSiStance ... ...........iiuuiinneanennnnaan. 8750 ohms
Transconductance . ...........ciiiiiiiiiii 1200 umhos
Load ReSIStaNCe . ... uuiivinen i, 20000 ohms
*x &
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RK-34 RAYTHEON AMATEUR TUBES RK-34
N 0
r\"’\"o ~—T
R ®
TWIN TRIODE A-F POWER AMPLIFIER—CLASS B
MAXIMUM RATINCS
. POWER AMPLIFIER D-C Plate Voltage ... o) e ?(2)(5) volts
e Peak Plate Current (both triodes) ................... ma
-“c OSCILLATOR Plate Dissipation (both triodes) ..................... 10 watts
'lg-g The RK.34 i heater t wi (Averaged over 1 cycle)
. e RK-34 is a heater type twin TYPICAL OPERATION
S H triode power amplifier tube having
TS| anisolantite base. it is designed for  BTTOMVEWOFSOKET  B7C EIE\VOIIGEE oo 0 a9 volrs
AT :,'9 g?effes :er?:wiulat'rpev!'efr’.er' oscillator D-C Plate Current (no signal) 30 30 ma
7 PRONG N qQ Yy D-C Plate Current (max. signal) 70 30 ma
‘ggﬁg‘é’v D-C Grid Current (Imax. signgl) ..... 16 }2 ma
: Peak A-F Input Voltage (grid to grid)....... 100 00 volts
crbcL —] HEATER RATING ﬁ-FdDriving PowerI ...... stey 0.7 (]).S 00 watts
. oad Resistance (plate to plate) ........... 6000 [o]0] ohms
[IUUUU"‘"’ Heater Yoltage .......... &3 VS Bower OUIPUY ..+ rnennnl L 7.8 13 watts
A-F POWER AMPLIFIER—CLASS A
DIRECT INTERELECTRODE CAPACITANCES—EACH TRIODE (Two Triodes Connected in Parallel)
. MAXIMUM RATINGCS
Grid fo Plate .......oceriviiiiiiiiiiiiiae 2.1 ppef D-C Plate VOItage ... .......ouivueieiiiiinnnnnann 300 volts
IOPUE ottt e e, 4.2 puf Pl Dissinati :
OUIPUL o e e e e e e e e e e e e 08 auf ate Dissipation . .......... ... ... o watts
TYPICAL OPERATION
B—E (P;IateVV?Irage ............................... ?00 volts
- rid Voltage ....... ... ... ... ..., —16 volts
R-F POWER AMPLIFIER OR OSCILLATOR—PUSH-PULL— R-C IF’Iate Current ... .. e 25 ma
mplification Factor ................ ... .0uuiurin.. 13
CLASS € $lare Resistance . ............c..iiiiniennneneannan 2950 ohms
ransconductance . ... ... e e 4400 pmhos
MAXIMUM RATINGCS Load Resistance . .............iviuuiininnnnnunnnn.. 5000 ohms
D-C Plate VOItage ... ecuviniiiaineiininennnn 380 volts  Power Output . .............. .. ..., 0.8 watts
D-C Plate Current (both triodes) .................... ma
Plate Dissipation fboth triodes) ..................... 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 that the plate voltage be lowered to prevent the plate dissipation from exceed-
ing the maximum rated value.
D-C Plate VOItage ... ....uniniininnineannnnns 3(6)0 vg}:: BIAS
- id Voltage . ... oottt —. % R .
8-8 %{:t’evggrariit ................................. 80 ma At least 15 volts of fixed bias should be used with 300 volts on the plate
D-C Grid CUrr@nt . . ..o . 20 ma to protect the tube in case of failure of the bias or excitation.
Peak R-F lnput Voltage (grid to grid) ............... 196 volts PLATE TEMPERATURE
R-F Driving Power 18 watts The plates of the RK-34 will not show color when operated at the maximum
Power Output ...,... 16 watts rated plate dissipation. Dissipations above the rated value should be avoided.
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TRIODE
POWER AMPLIFIER
OSCILLATOR

The RK-35 is a triode type power
amplifier tube having a tantalum
plate and grid and an isolantite

base. It is designed for use as a
power amplifier, oscillator or fre-
el quency multiplier. BOTTOM YIEW OF SOCKET
sl e
hea sas { AMPLIFICATION FACTOR o
U0
- FILAMENT RATINGC
Filament Voltage ........ 7.5 volts
Filament Current ........ 4 amp

DIRECT INTERELECTRODE CAPACITANCES

Crid to Plate 2.7 nuf
Input .. 3.5 unf
Output 0.4 upt

R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C—
TELEGRAPHY

MAXIMUM RATINCS

RAYTHEON AMATEUR TUBES

RK-35

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

D-C Plate Voltage ........... e 1500 volts
D-C Plate Current (Carrier) S0 ma
Plate Dissipation (Carrier) .............. o onutnn. 50 watts
D-C Plate Voltage 1500 volts
D-C Crid Voltage —180 volts
D-C Plate Current 37 ma
D-C Grid Current 0 ma
Peak R-F Input Voltage ............ccivieieioiennnn 280* volts
R-F Driving POWer . ........ouiiiiurennennnunecnnenns 2 % watts
Carrier Power Output .. ... oottt rnnenennneens 25 watts
Peak Power Output ........... ...ttt 100%* watts

R-F POWER AMPLIFIER—CLASS C—TELEPHONY

MAXIMUM RATINGS
Grid Plate

Modulation Modulation
D-C Plate Voltage .........ccviiuiivinn.. 1500 1250 volts
D-C Plate Current (Carrier) ............... 50 125 ma
Plate Dissipation (Carrier) ................ 50 66 watts

Grid Plate

TYPICAL OPERATION Modulation Modulation
D-C Plate Voltage ..:......covviiieennnn 1500 1250 volts
D-C Crid Voltage ..........cciivuuiunnnn —250 —250 volts
D-C Plate Current ...........cciiuennnnn 50 100 ma
D-C Grid Current ......c.viiiiieinnnnenns 0 14 ma
Peak R-F Input Voltage .................. 230 365 volts
R-F Driving Power ...........c..ivuvuinn. 1.7 % 4.6 watts
Carrier Power Output .................... 25 93 watts
Peak A-F Modulating Voltage .............. 100 1250% volts
A-F Modulating Power ................... 0.3 = 63 watts
Peak Power Output .............ccovennnn 100% 372 * watts

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

D-C Plate Voltage 1500 volts
D-C Plate Current 125 ma OPERATING NOTES
D-C Grid Current 20 ma FREQUENCY RANCE . . .
Plate Dissipation 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
megacycles the maximum d-c plate voltage should not exceed 750 volts.
BIAS
D-C Plate VOItABE . ... oveiteiie et 1500 volts At least 170 volts of fixed bias should be used with 1500 voits on the plate
D-C Grid VOItABE v veeee e et aaeaeiaiieeaeen. —250 volts to protect the tube in case of failure of the bias or excitation. The fixed bias
D-C Plate Curent . ........cieeeiiunuinanneneeennn 115 ma  may be reduced at lower plate voltages.
D-C Grid Current ... ...ttt i 15 ma PLATE TEMPERATURE
Peak R-F Ingut Voltage . ........ ..., 375 volts The plate of the RK-35 will show a light yellowish red color (See Plate Tem-
R-F Driving Power ............. .. ciiiiiiiiinenn. S watts perature Color Scale) when operated at the maximum rated plate dissipation.
Power Output . ... ...ttt iiiiiiinneennnn 120 watts Dissipations above the rated value should be avoided.
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SIDE CAP l BAYONET

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.

BOTTOM VIEW OF SOCKET

421 FILAMENT RATING
T Filament Voltage ........ 5.0 volts
- Filament Current ........ 8.0 amp
$#i’l .|| DIRECT INTERELECTRODE CAPACITANCES
BAVONET N Crid to Plate 5 nuf
g Input U 45 puf
i OUtPUt oo iiiie et 1.0 uuf
R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C—
TELEGRAPHY
MAXIMUM RATINCS
D-C Plate Voltage . ........ ...t iiiiieeennnnnns 3000 volts
D-C Plate Current ... .......c..tiiiinieiiuinnniannnn 165 ma
D-C Grid Current . ... ... ittt 35 ma
Plate Dissipation . .........c.tuitieirrinaiaaeananaas 100 watts
TYPICAL OPERATION
D-C Plate Voltage ..........c.ciiuiiiienieiinnnnnns 2000 volts
D-C Grid Voltage ..........couiiiiiiiiiinninnnns —360 volts
D-C Plate Current . ........ ... i iiiiiiinannnaas 150 ma
D-C Grid Current . ... .ttt iiinnneennnns . 30 ma
Peak R-F Input Voltage ........... ... .. iiiiin.. 560 volts
R-F Driving Power . ...... ... ...t iiiiivennnnnnns 15 watts
Power OUtPUt ... . ... .. i i, 200 watts

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

RAYTHEON AMATEUR TUBES

D-C Plate Voltage .........c.ccuiiuiiiiiiunnnnnennns 3000 volts
D-C Plate Current (Carrier) .. ..........c.cciveeenun.n. 100 ma
Plate Dissipation (Carrier) . ............... ... 100 watts
TYPICAL OPERATION
D-C Plate Voltage ...........c.iiiiiinienennennnens 2000 volts
D-C Grid Voltage . ........i ittt —180 volts
D-C Plate Current ... ... . .. ... it 5 ma
D-C Grid Current .. ... ... . i 3 ma
Peak R-F Input Voltage ............coitiiiiiunnnns 420* volts
R-F Driving Power ..........c...ciitiiievninnann, . 10 » watts
Carrier Power Output . ..............iiieiiininnnns 50 watts
Peak Power OUtPut . ...........citiviianiiiuiannann 200% watts
5At the peak of the a-f cycle with 1009, modulation.
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RK-36

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

Grid Plate
Modulation Modulation
D-C Plate Voltage ...........ccuuiuiuinn.. 3000 2000 volts
D-C Plate Current (Carrier) ............... 100 165 ma
D-C Grid Current (Carrier) ............... S 35 ma
Plate Dissipation (Carrier) ................ 100 100 watts
Grid Plate

TYPICAL OPERATION Modutation Modulation

D-C Plate Voltage ..........ccciivnnn. 2000 2000 volts
D-C Grid Voltage . ............cciiiuunnn.. —270 - 360 volts
D-C Plate Current ........ e 72 150 ma
D-C Grid Current ... .............. | 30 ma
Peak R-F Input Voltage . 315 560 volts
R-F Driving Power ...... 35% 15 watts
Carrier Power Output ...... 42 200 watts
Peak A-F Modulating Voltage .............. 110% 2000* volts
A-F Modulating Power . ................... | 150 watts
Peak Power Output ...................... 168= 800 * watts

A-F POWER AMPLIFIER—CLASS A
MAXIMUM RATINGS

D-C Plate Voltage . ...........cciiii i, 1500 volts
D-C Plate Current . ... ... . ... .t iiiinnnnnnnnn. 165 ma
Plate Dissipation . ............c..cciiiiiaiieaiian... 100 watte
D-C Plate Voltage ............ciiiiiiiinnnnnnnnn. 1500 volts
D-C Grid Voltage .. —717.5 volts
D-C Plate Current 67 ma
Amplification Factor 14

Plate Resistance 5600 ohms
Transconductance 2500 umhos
Load Resistance ................cc.iiiiiiinnna... 10000 ohms
Power Output ... ... ... ... . .. 21 vatts

“At the peak of the a-f cycle with 1009 modulation.
OPERATING NOTES
FREQUENCY RANGE

The construction of the RK-36 allows efficient operation at frequencies up
to 60 megacycles. Above 60 megacycles reduced efficiency requires that the
plate voltage be reduced to prevent the plate dissipation rrom exceeding the
maximum rated value.

BIAS

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

The plate of the RK-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 savomery R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINGS
POWER ah::_;I:IER g~g FF”Ilatte (\:/oltagf (Carsiay T ;(5)00 volts
- ate urren arrier) . ... . . e e e ma
OSC| Plate Dissipation (Carrie?) . ..........coviinninnnn.. 50 watts
The RK-37 is a high-mu triode
type power amplifier tube having a TYPICAL OPERATION
th'oriaterf tungs:’en f(n’lamerr\‘t. da tlan- g((:: glate V?Itage ................................ 1500 vo:ts
talum plate and grid, a hard glass - rid Voltage . ........ ... ... ... . i, —50 volts
bulb and an isolantite base. It is de-  gnrron yiEw OF SOCKET D-C Plate Current . ... ... ........ ... ccovivuirian.... S0 ma
signed for use as a power amplifier, Peak R-F Input Voltage . ......... ... ... .c..iiinnnn. 120% volts
oscillator or frequency multiplier. R-F Driving Power . ........... ... iiiiniinneennns 24¢% watts
Carrier Power Output 26 watts
FILAMENT RATING Peak Power Output ............. .. ..., 104% watts
Filament Voltage ........ 1.5 volts A-F POWER AMPLIFIER—CLASS B—TWO TUBES
Filament Current . ....... 4 amp MAXIMUM RATINGS
D-C Plate Voltage ............c...ciuiiiiiiiinnnn. 1500 volts
DIRECT INTERELECTRODE CAPACITANCES D-C Plate Current (per tube) ....................... 125 ma
Crid to Plate 32 unf Plate Dissipation (per tube) ........................ 50 watts
o plate e 3 sut  (Averaged over I cycle)
OUIPUL ittt e e e 0.2 uuf TYPICAL OPERATION
D-C Plate Voltage ....... ... .. .. .. .ceiiiiinennnnn. 1250 volts
R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C D-C Grid Voltage ............ ... ...ooiniiunaiaan.. —35 volts
D-C Plate Current (nosignal) . ......... ... ... 25 ma
MAXIMUM RATINCS D-C Plate Current (max. signal) . ...........c.cu0..u. 235 ma
D-C Plate Voltage—Tele MY 1500 volts D-C Crid Current (max. signal) ...........coovvunn.. 60 ma
D C Pl:t: Volrage—Teleg'haoonyy 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 Curfent . .........oooo i, 125 ma Power Output . ... ... .. ... ..., 00 watts
D-CGCiid Current .. ... . .. .. e 35 ma #At the peak of the a-f cycle with 1009, modulation,
Plate Dissipation . ... . ... ... ... ... 50 watts
OPERATING NOTES
TYPICAL OPERATION Yelénlh;ny Ye::lnr;ony Telegraphy FREQUENCY RANCE
r ate . N .
. The RK-37 may be operated at the maximum ratings at frequencies up to
Modutation  Modulation 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 volts cycles, the maximum d-c plate voltage should not exceed 750 volts.
D-C PlatecCurrent ............ ‘;4 ;go ;85 ma BIAS
D-C GCrid Current .. ... .......... ma
Peak R-F Input Voltage ......... 260. 270 260 volts At least 35 volts of tixed bias should be used with 1500 volts on the plate
R-F Oriving Power . . ........... 6 = 5.6 7 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 Volt.—Plate ........... — 1250+ — volts
Pezk A-F IVolt.—"‘C‘rid ........... ?04: a — volts PLATE TEMPERATURE
A-F Modulating Power .......... : — 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 1002, modulation. Dissipations above the rated value should be avoided.
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RK-38 RAYTHEON AMATEUR TUBES RK-38
R f‘""";"" R-F POWER AMPLIFIER—CLASS B—TELEPHONY
G TRIODE SIPECAR |mavomer MAXIMUM RATINGS
T POWER AMPLIFIER D-C Plate Voltage ........oooerrerrerereeeeeeee 3000 volts
- ate Current arrier) ... ma
OSC"'LATOR Plate Dissipation (Carrier) . .............c.ovuunne.nn 100 watts
. The RK-38 is a high-mu triode
Qe type power amplifier tube having a TYPICAL OPERATION
" thoriated tungsten filament, a tan- D-C Plate Voltage .............coiiiiiinniienainnn 2000 volts
[ve talum plate and grid, a hard glass D-C Grid Voltage .........c.uuuiiiiinninenennnnnn. —100 volts
» '™ bulb and an isolantite base. |t is de- D-C Plate Current . ........ ... .. ... iiiiiunnann. 75 ma
e signed for use as a power amplifier D-C Grid Current . ... ... . it i e 2 . ma
W) oscillator, or frequency multiplier. BOTTOM VIEW OF SOCKET Peak R-F Input Voltage .............. .. ..covuninn. 300 volts
l_ ~Ji'00Mﬂx— ‘e E-F Drngng Poger ................................ ;5 & watts
g | © arrier Power Output . ... ....... ... .. ... ... watts
8 FILAMENT RATING Peak Power Output . .................ciiiunn.n.. 220* watts
- Te)- Filament Voltage ........ . g volts
5'11[ Filament Current ... o omp R-F POWER AMPLIFIER—CLASS C—TELEPHONY
o DIRECT INTERELECTRODE CAPACITANCES MAXIMUM RATINGS
mweasasef N Crid to Plate ............ 43 npf Grid Plate
BAYONET (R} TAPUE  ov v veeieeeeians 46 uuf Modulation Modulation
01 A Output .+t 0.9 unf  D-C Plate Voltage ....................... 3000 2000 volts
—L D-C Plate Current (Carrier) ............... 100 165 ma
A-F POWER AMPLIFIER—CLASS B—TWO TUBES D-C Grid Current (Carrier) ................ S “10 ma
MAXIMUM RATINGS Plate Dissipation (Carrier) ................ 100 00 watts
D-C Plate Voltage ......... et 3000 volts Grid Plate
D-C Plate Current (per tube) 165 ma TYPICAL OPERATION Modulation Modulation
Plate Dissipation (per tube) ........................ 100 watts D-C Plate Voltage 2000 2000 volts
(Averaged over 1 cycle) D-C Grid Voltage ... . /1111111 150 —200 volts
TYPICAL OPERATION D-C Plate Current . ...................... 80 160 ma
D-C Plate Voltage ..........ccviiiiiinnneeernnninn 2000 volts D-C Grid Current .. ...oou 2 30 ma
D-C Grid Voltage . .........c.iiiniiiiininniienennnn . =52 volts Peak R-F Input Voltage . 220 375 volts
D-C Plate Current (no signal) ...................... 36 ma  R-F Driving Power . ... 55% 10 watts
D-C Plate Current tmax. signal) .................... 265 ma Carrier Power Output ...... 60 225 watts
D-C Grid Current (max. signal) . ... 39 ma  Peak A-F Modulating Voltage 100% 2000* volts
Peak A-F GCrid Voltage (grid to grid) 357 volts A-F Modulating Power ..... 1 = 150 watts
A-F Driving Power ............... 5.8 watts  Peak Power Output ...................... 240% 900 * watts
Load Resistance (plate to plate) 16000 ohms  2At the peak of the a-f cycle with 1009 modulation.
Power Output ..... ...........civt tunnnnn N 330 watts
R-F POWER AMPLIFIER—CLASS C—TELEGRAPHY OPERATING NOTES
MAXIMUM RATINGS FREQUENCY RANGE . . )
D-C Plate Voltage . . .........c.c.ciiieinnenunneens 3000 volts The construction of the RK-38 allows efficient operation at frgquenc:es up
D-C Plate CUmrent . ... e e ienannn 165 ma to 60 megacycles. Above 60 megacycles reduced efficiency requires that the
D-C Grid Current . ... e . 40 ma plate voltage be reduced to prevent the plate dissipation from exceeding the
Plate Dissipation .......... ... ciiuiiiiieiniinsinins 100 watts  maximum rated value.
TYPICAL OPERATION BIAS
D-C Plate Voltage ...................c.iiiiiianan. 2000 volts At least 60 volts of fixed bias should be used with 2000 volts on the plate
8-% g:uti Vgl'age' ................................. —%gg volts to protect the tube in case of failure of the bias or excitation.
- ate Current . ... ... ... .. ... e ma
D-C Grid Current .. ... ... ittt 30 ma PLATE TEMPERATURE
Peak R-F Input Voltage ............................ 375 volts The pl'ate of the RK-38 will show a light yellowish red color (See Plate Tem-
R-F Driving Power . ........ ...t iiiiiiennnnnnnnnn 10 watts perature Color Scale) when operated at the maximum rated plate dissipation.
Power Output . ... ... ... . it 225 watts Dissipations above the rated value should be avoided.
223 1225
RAVERAGE PLATE CHARAC 7'5?/57'/65\ "?f- AVERAGE CHARRCTERISTICS WVE.CHARACTERISTICS '&-
200 4 Ep=5.0%AC :& o | R-F POWER RMPLIFIER-CLASS B. w  PFPOVER AMALIFIER-QLB )
K> E = 5.0AC £,+£0"RC E,-2000"0C £ --520C
@"\‘ // Ep=2000YDC “ \ Eq p=Z52"RM3 GRID TO 6010
ns oS, 15 | £ - s00v0c & £
/ ,’/ ,3/ 3
10 ya 5 Sz 150 ¢ D A 0k
V £ / < Q S
S / ? 0 & IS
A oA [y S N
125 Ky sER S % 23
|/ AV NS |
! S
oo S A A o4 A w38 Y < 000 ,
~ / » 3 / g () ;Q l\\
z / B Q3% (% 7\13 | ~
& A A 2 W7 SRY oy L ) z
75 & 75 v 50 + N
g ) > d 537 P N
& . Sk Q v | operATING &
3 / / 4 WS o ~RY| eomnT ¥
2w A A 39 Pt B PRSI ¢ s Y ! o'
~ 7 = / v / > S83 ! 7 T 33 1 o
I .89 s & ! Sl I we”] 8
& AT ] 3 giL_ o R o |5
2 g > = B - 50" 25 Skd— / 7 prss 50§; 3o HARMEH 53
= ~ p CURE |
0 /“ L L /‘/ . 1 p-C GR! , t¥ H §
0 200 100 600 800 000 1200 1900 600 1800 2000 2 50 100 150 200 250 %00 oz M 16 18
D-C PLATE VOLTAGE-VOLTS PEAK R-F GRID VOLTRGE - VOLTS P-P LORD RESISTANCE -KILONMS
200
225 AVERAGE CHARACTERISTICS H AVERAGE CHARACTERISTICS \AVE.CHARACTERISTICS
R-F POWER AMPLIFIER-CLASS C // ! CONTROL GRID MODULARTION o |A-FAMPLIFIER-CLRSS B
200 Ep=50YAC - 200 Ep=50"AC $ TWO TUBES
Ep=2000YDC [T = Ep=2000YDC 50",
g v %) 4 M 350 E=50"AC 1A
£, =-200YDC eﬁ/ Ec=-150VDC £,-200070C 1
1 ¢ v"“/ £ =-520C
3 k—_ J00 B, = 160002 p-p
N V/ | QenT //,* 160 . =/ P im
m n T <7 CURE g A
<k ¢ L i~ OPERRTING _. I 250 S g
x5 & / 0’ POINT T3 E| oreraTing |J
l?f)!\ ) IMT 7 Iiaat? & m"’ E POINT i,.A
zh 0 S < 802 1
N " & 3 (
Lo /// ' § Si8 lo&/rf v £ § g &
33 3 1€ gFFICIENCY } ® 2033% & - sl E 603 u
ol A LA } 5 NN 3 ¥ 3 b
NI 2 BN 9% 3| 3 L
N // /‘/ | g ol OPERRTING 1002 40y, L
PR /7/ 10 & w533 LA [ pomvr. §h"i $
ad & \VING pOWER__|—1 | S NN / | B3 5%
25 oo M } s & E‘éd‘ i 210 CUR EEHr/ Wy 3
20 T Q | g p-€(G <d X
L] ! w 0 — 0 Lt 0
| 4 250 25 -0 15 -0 5 WO B R 0 ® % 1 Ko X0 20 20
0 755015 W0 ids T80 ns o 250 ris—xo ¥ D-C CONTROL GRID VOLTAGE - VOLTS RE6MD TS enes

D-C GRID CURRENT-MA.

Rev. April 8, 1938

CS-1263

RAYTHEON FNGINEERING SERVICE

51




RK_39 RAYTHEON AMATEUR TUBES RK_39
RK-41 TETRODE R-F POWER AMPLIFIER—CLASS B—TELEPHONY RK-41
MAXIMUM RATINGS
POWER AMPLIFIER D-C Plate Voltage .........oovvun.nn BN 600 volts
OSC|LLATOR D-C Screen Voltage . .........covviuineninnneannnns 300 volts
e . The RK-39 and RK-41 are heater D-C Plate Current (Carrier) ...........c.o.ooeueeeinnnn 63 ma
type aligned grid beam power am- Plate Dissipation (Carrier) ..............covvuennn.. 25 watts
plifier tubes having isolantite bases Screen Dissipation (Carrier) ........................ 35 watts
The use of aligned grids reduces the TYPICAL OPERATION
ratio of screen current to plate cur- D-C Plate Voltage ..............couiuitineiininanns 600 volts
rent and allows more efficient util- D-C Screen VOItage . ..........covinununmenanenenenns 250 volts
ization of the total space current. D-C Grid Voltage . ..........cutiunieiniininiia, —25 volts
) The deflector plates in the RK-39 D-C Plate CUrrent . ........oouoriiiiianann, 63 ma
ko ?gdthReK;:t'h:és connected internally D-C Screen Current ............ dony 3 ma
M - D-C GCrid Current (at 1009% modulation) ma
22708 =  HEATER RATING BOTTOM VIEW OF SOCKET Peak R-F Input Voltage ? 50 ¥ volts
& mai ‘o RK-39 RK-41 R-F Driving Power ..... 04 * watts
N Heater Volt, 6.3 2 5 volts Carrier Power Output ..... 12.5% watts
S Heater Cur, 0.9 Peak Power Output . ...........c..iiiiniirnnnenn 50 =* watts
N DIRECT |NTERELECTRODE CAPACITANCES #At the peak of the a-f cycle with 1009 modulation.
Crid to Plate .............. uuf
Forona " Ut oo 13 uf OPERATING NOTES
wEQ BASE Output . ... ... ... FREQUENCY RANCGE
R-F POWER AMP. OR O0SC. _CLASS C The RK-39 and RK-41 may be operated at the maximum ratings at fre-
A MAXIMUM RATINGS quencies up to 60 megacycles. Above 60 megacycles the reduced efficiency
"*“' 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 . . ... vreennn.. 600 volts operation of the tubes at frequencies higher than 120 megacycles is not rec-
With Plate or Plate G Screen Modulation........ 475 volts ~ommended.
D-C Screen Voltage ........ ... .. ... .0 iiiiunnnns 300 volts EXCITATION .
D-CPlate Current . .. ... .. . .. .. i 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 miliamperes. The power output flattens off around 3 or 4 ma. of
Screen Dissipation ... .. ... . ... e 35 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 Taelegraphy a reasonable value.
Control Plate Plate & SHIELDINC
Grid Only Screen Shielding of the grid input tuning system from the plate tuning apparatus is
Modulation Modulation Modulation desirable and will provide improved stability. |f a shield is applied to the RK-
D-C Plate Volt 500 600 400 415 400 475 500 600 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-CCon.Cd.Vit. - 50 — --45 —45 -50 -—50 —60 90 wvolts g g
g_g gg;ﬁgg"z’;:‘t go go ?(-,) s ?-5, s 35 gs ?g ?(3) z: At least 25 volts of fixed bias should be used with 600 volts on the plate
D-C Con Cricti‘Cur 06 02 40 4.0 255 3 3 ma to protect the tube in case of failure of the bias or excitation. Additional bias
Screen Résistor T bty ]',400' ‘.’57001 ]'9000* 25000 — — ohms may be obtained by the use of a grid or cathode resistor.
Peak R-F Input VIt. 60 78 10 70 75 84 117 volts CRYSTAL OSCILLATOR ) .
R-FDrivingPower 0.5 *0.54%0.25 0.25 02 02 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 36 watts ohm grid leak and a 400 ohm cathode resistor are recommended. At the lower
Peak A-FVIt., Plate — 400% 475 400 415% — — volts frequencies, it may be necessary to increase the grid to plate capacitance in
Peak A-F VIt.,Crid 25 < 25 [, — 250% 250% — — yolts order to start the oscillator. An additional capacitance of 2 uuf. should be suffi-
A-F Mod. Power 0.28%0.17% 12 16 21 20 — — watts cient. Larger values will cause excessive feedback and may damage the crystal.
Peak Pr. Output 40 *48 =68 * 84 = 100% 104* — — watts PLATE TEMPERATURE
%At 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 to 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
A OSC"‘LATOR 90 69 m The RK-43 (;s a low fila;nfenf cutl)'—
_ . . _ rent twin triode type amplifier tube
. . re:thfn%’dfe“tzypl: :""%““:‘!e':a?:fb': ;:v'_ - 3 having an oxide coated filament. It
4 oacd |7 ing an oxide coated filament. It is /3 e 4., 's des-gqeg g" use"m';lmr'able eqwlp-
o designed for use in portable equip- o o ment wit ry cell filament supply.
o ment with dry cell filament supply. (D &) > FILAMENT RATINC
. B Filament Volt. 1.5 volts
p— BOTTOM VIEW OF SOCKET Sreona | b Filament Cur. 0,12 amp  BOTTOM VIEWOF SOCKET
ML /4
oni o | | FILAMENT RATING jL DIRECT INTERELECTRODE CAPACITANCES
U U Ny Filament Voltage ........ 1.5 volts U‘] I]] e —EACH TRIODE
_ oL Filament Current ........ 0.06 amp 1L Crid to Plate ............ wuf
Input ... e 19 puf
ACITANCES Output . ............0u.n 2.1 uuf
DIRECT INTERELECTRODE CAP A-F AMPLIFIER—CLASS A—ONE TRIODE
Gricd 10 Plate . .o e e, 6 m D-C Plate Voltage .............civiiiitennnnennnan 135 max.  volts
INDUL L e e e e e 3 upf D-C Grid Voltage . ..........iiiiiitiennnnennnnnnn —4.5 volts
QUL DU it e e e e 2.1 nuf D-C Plate Current ... ... .. ... .. ..ttt 3 ma
Amplification Factor .............. . .c.iiiiuiinian.. 13
Plate Resistance ................c..coitiuennnnnennn 14500 ohms
A-F AMPLIFIER—CLASS A Transconductance . ............. ..., 900 umhos
A-F POWER AMPLIFIER—CLASS B
MAXIMUM RATINCS MAXIMUM RATINGS
D-C Plate Voltage . ... 180 volts D-C Plate Voltage ...........ciuiiiinnnnnnnnn. 135 volts
D-C Plate Current 1.5 ma D-C Plate Current (Average—both triodes) ........... 15 ma
TYPICAL OPERATION
D-C Plate Voltage ..........c.ciiiiiiinnnunnnnnnn. 135 volts
g (CZ F(’;I"d \éolfage ........ [ —6 volts
N ate Current (no signal) ... 4 ma
DIC Gred Veitage iy 3% Vel O-C Plate Current imax. signald 125 ma
D-C Plate Current . ...........v.iiuinrnennenannnns 3.9 ma D-C Grid Current (max. signal) .. ! ma
Amplification Fac*or ..............c...iiiiiiiiiinn. 8.2 Peak A-F Input Voltage (grid to gr 24 volts
Plate Resistance ................c.oovvvieeninennens 10300 ohms A-F Driving Power ............... 21.5 mw
Transconductance . ...............ceveemnunnen. . 800 umhos Load Resistance (plate to plate) 24000 ohms
Power Output ... ... ... i 0.95 watt
R-F AMPLIFIER OR OSCILLATOR—CLASS C—PUSH-PULL
AXIMUM RATINGCS
D-C Plate Voltage .. .......covvieriinennnneennnns 135 volts
D-C Plate Current (Average~——both triodes) . ........... 15 ma
TYPICAL OPERATION
D-C Plate Voltage ............cciiiiiinnnnennnnn.. 135 volts
D-C Grid Voltage .......coviiiieininnnnnnnannnn. —20 volts
D-C Plate Current ...... et teee et 14 ma
D-C Grid Current . ... ..ottt ininnennnnn., 3 ma
Peak R-F Input Voltage (grid to grid) ............... 70 volts
R-F Driving Power . ...........0.ccceeeeieennnnnnnns 0.2 watts
Power OUtpUt . ... ... .. ittt 1.25 watts
12
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RAYTHEON AMATEUR TUBES

RK-44
— 20’ an
i PENTODE
POWER AMPLIFIER
OSCILLATOR
The RK-44 is a heater type pen-
tode power amplifier having an iso-
lantite base. It is designed for use
. as a power amplifier, %s’::illa;{o'z ‘;);
frequency multiplier. e -
?’."n may also be used in circuits employ- BOTTOM VIEW OF SCKET
X ing suppressor or control grid modu-
Y lation.
;:‘.; HEATER RATING 12 |
ISOLANTITE Hcater Voltage .......... .6 volts
,},’52?? M Heater Current .......... 0.7 amp
el DIRECT INTERELECTRODE CAPACITANCES
Crid to Plate (1)62 uu;
t fnput ............ BA
_ P outout LLllllliiiiiiiin 10 puf

R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C

MAXIMUM RATINGS

D-C Plate Voltage—Telegraphy . ............... 0.t 500 volts
D-C Platc Voltage—Telephony
With Control or Suppressor Crid Modulation. .. ..... 500 volts
With Plate &G Screen Modulation . ................ 400 volts
D-CScreen Voltage . ..........c.ciiiiiiiiinnnennnnn 200 volts
D-CPlate Current . ... ...t irinnnnaeennns 80 ma
D-C Control Grid Current ... . ..........tiininneennnn 8 ma
Plate Dissipation . ... ... .. .. .ciiiiritiaiii e 12 watts
Screen Dissipation . ........ ...l 8 watts
Teleph Teleph Teleph Telegraphy
TYPICAL OPERATION Con. Grid Supp. Grid Plate & Ser.
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. Crid Volt. (o] 4 40 - 65 +40 0] +40 volts
D-C Con. Grid Volt. —45 —43 —20 —40 —85 —175 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. Crid Current 0.1 0.1 35 b) 4 ma
Screen Resistor — — 14000t 13000} — — ohms
Peak R-F Input Volt. 48 4 32 60 120 100 volts
R-F Driving Power 0.2%  0.15% 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* o] 13 — — watts
Peak Power Output 20 ¢ % 20* 44 2 — — watts
3At 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 . .........uiiriinneronnnnnnnnnn 500 volts
D-C Screen VOltage . ..........c.ciiiiiuineeennnnnnnnn 200 volts
D-C Plate Current (Carrier) . .........c.cceeiinennnnns 40 ma
Plate Dissipation (Carrier) ........... vuirnnnnnnnn 12 watts
Screen Dissipation (Carrier) . ...........coviniinnnnns S watts
TYPICAL OPERATION
D-C Plate Voltage ............... ... ..... 500 500 volts
D-C Screen Voltage ................. ... 200 200 volts
D-C Suppressor Crid Voltage ............... 0] +40 volts
D-C Control Crid Voltage ................. -25 —25 volts
D-C Plate Current . ...........ciiiiueennnn 30 30 ma
D-C Screen Current ..............cvvvnnn 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 Output ..............ccocvennn 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.

SHIELDING

The internal shield in the RK-44 is connected to base pin #2 and normally
should be connected to the cathode pin #6. Shielding of the grid input tuning
system from the plate tuning apparatus is desirable and will provide improved
stability. If a shield is applied to the RK-44 it should enclose the base and ex-
tend to the lower internal shield and should clear the glass bulb by at least 1 /16",

BIAS

At least 15 volts of fixed bias should be used with 500 volts on the plate
to protect the tube in case of failure of the bias or excitation. Additional bias
may be obtained by the use of a grid or cathode resistor.
CRYSTAL OSCILLATOR

Using crystal control, 20 watts of r-f power output may be obtained with-
out overheating the crystal.
PLATE TEMPERATURE

The plate of the RK-44 will not show color when operated at the maximum
rated dissipation. Dissipations above the rated value should be avoided.
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RK-45 RK_45 KAYTIHEON AMAIEUR 1UBES HK_qb
RK-46 PENTODE PENTODE
POWER AMPLIFIER POWER AMPLIFIER
Awihor OSCILLATOR o oo OSCILLATOR

The RK-45 is a heater type pen-
tode power amplifier tube having an
1solantite base. It is designed for use
as a power amphfier, oscillator or
frequency multiplier. The RK-45
may also be used in circuits employ-
ing suppressor or control grid modu-
lation.

By
“ HEATER RATINGC
Y Heater Voltage 12.6 volts BOTTOM VIEW OF SOCKET
Qo Heater Current 0.45 amp
b DIRECT INTERELECTRODE CAPACITANCES
e Crnid to Plate . .............. 0.02 unf
3 Input ... 10 upf
MED BASE Output . ........... e 10 uuf
855018 Piv
crecLe R-F POWER AMPLIFIER OR OSCILLATOR—
. CLASS C
s MAXIMUM RATINCS
— D-C Plate Voltage—Telegraphy . 500 volts
D-C Plate Voltage—Telephony
With Control or Sup. Grid
Modulation ........... 500 volts
With Plate G Screen Mod.. 400 volts
D-C Screen Voltage .......... 250 volts
D-C Plate Current . .......... 60 ma
D-C Control Grid Current. . ... 10 ma
Plate Dissipation ............ 10 watts
Screen Dissipation . .......... 8 watts
Telephony Telephony Telephony Telegraphy
Control Suppressor  Plate &
TYPICAL OPERATION Grid Grid Sereen
Modulation Modulation Modulation
D-C Plate Voltage 500 500 500 400 500 500 volts
D-C Screen Voltage 200 200 200 150 200 200 volts
D-C Sup. Grid Voltage O +45 —45 0 0 +45 volts
D-C Con. Grid Volt.  —125 —90 —90 -—90 volts
D-C Plate Current 32 43 50 55 ma
D-C Screen Current 20 30 40 38 ma
D-C Con.GridCurrent 1.5 4 ma
Screen Resistor —= 8300¢ — — ohms
Peak R-F Input Volt. 150 145 135 135 volts
R-F Driving Power 1.2% 0.8 0.5 0.5 watts
Carrier Power Output 5.5 135 18 22 watts
Peak A-F Volt.---Plate -— 400 * — — volts
Pecak A-F Volt,—-Grid 45 = 150 » — — volts
A-FModulatingPower 0.5% 14.5 — — watts
Peak Power Output 22 % 54 = — — watts
R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINCS
D-C Plate Voltage . ... ... .. itittmaninnnennnn 500 volts
D-C Screen Voltage . ..........c.ciiuiuienniniinnnnss 250 volts
D-C Plate Current (Carrier) .. 35 ma
Plate Dissipation (Carrier) 10 watts
Screen Dissipation (Carrier) 8 watts
D-C Plate Voltage ......... ... ... ... iiiiiiiiinenn. 500 volts
D-C Screen Voltage ............. .. ... .iiiiuinnnnns 200 volts
D-C Suppressor Grid Voltage .....................c... 0 volts
D-C Control Grid Voltage ... ....... ... cccieuin... —38 volts
D-C Plate Current . ... ... ... .. ... .. ... 30 ma
D-C Screen Current . ............ ...t 12 ma
Peak R-F Input Voltage ..............ccvuiiiunnnn 80 * volts
R-F Driving Power . ....... ... ... t.iieianenananann 0.24%* watts
Carrier Power Output 5 watts
20 * watts

Peak Power Output ..............
*At the peak of the a-f cycle with 1009 modulation.
t{Connected to plate end of modulation trans. and by-passed for r.f. only.

OPERATING NOTES
CHARACTERISTIC CURVES
For average characteristic curves refer to the type RK-25. The characteristics
of the RK-45 and RK-25 are the same except for the heater rating.

FREQUENCY RANCE

The RK-45 may be operated at the maximum ratings at frequencies up to
30 megacycles. Above 30 megacycles the reduced efficiency realized requires
that the plate voltage be lowered to prevent the plate dissipation from exceed-
ing the maximum rated value.
EXCITATION

The Class C amplifier characteristic curves show the power output, plate cur-
rent and screen current plotted vs. excitation as denoted by the d-c control
grid current in milliamperes. The power output flattens off around 4 or 5 ma.
of grid current with very little gained beyond these values. The screen dissipa-
tion increases with excitation and for this reason the excitation should be kept
at a reasonable value.
SHIELDING

Shielding of the grid input tuning system from the plate tuning apparatus
is desirable and will provide improved stability. 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

The RK-46 is a pentode type
power amplifier tube having a thori-
ated tungsten filament, a molyb-
denum plate, a hard glass bulb and
an isolantite base. It is designed
for use as a power amplifier, oscil-
lator or frequency multiplier. The
RK-46 may also be used in circuits

7 . employing suppressor or control grid
25 aax~-| |3 modulation. BOTTOM VIEW OF SOCKET
o
¥ FILAMENT RATING
. Filament Volt. 12.6 volts
Filament Cur, 25 amp

N
N DIRECT INTERELECTRODE CAPACITANCES
GCrid to Plate .. ............ 0.1 puut
Input ... ..., 14 nuf
Output . ... ... .. ccv... 12 unf
isauanrire R-F POWER AMPLIFIER OR OSCILLATOR—
MED.BRSE CLASS C
el MAXIMUM RATINCS
UUUUU o4 D-C Plate Voltage—Telegraphy 1250 volts
T D-C Plate Voltage—Telephony
With Control or Sup. Grid
Modulation ........... 1250 volts
With Plate G Screen Mod.. 1000 volts
D-C Screen Voltage .......... 300 volts
D-C Plate Current ........... 92 ma
D-C Control Grid Current ..... 15 ma
R-F Control Grid Current ... .. 5 amp
Plate Dissipation ............ 40 watts
Screen Dissipation ........... 15 watts
Teleph Telephony Telephony Telegraphy
Control Suppressor  Plate &
TYPICAL OPERATION ‘gl P Fonte
Modulation Modulation Modulation
D-C Plate Voltage 1250 1250 1250 1000 1250 1250  volts
D-C Screen Voltage 300 300 300 300 300 300 volts
D-C Sup. Grid Volt. 0 +45 —45 0o 0o +45 volts
D-C Con. Grid Volt.  --142 —142 —100 —100 —100 —100 volts
D-C Plate Current 40 40 48 75 80 92 ma
D-C Screen Current 7 7 44 30 43 36 ma
D-C Con. Grid Current 1.8 1.8 11.5 1 11.5 11.6 ma
Screen Resistor — — — 23000t — — ohms
Peak R-F Input Volt. 160 160 140 145 155 155 volts
R-F Driving Power 1.5% 1.5% 1.5 1.3 1.6 1.6 watts
Carrier Power Output 17 20 21 52 64 84 watts
Peak A-F Volt.—Plate — — — 1000%  — — volts
Peak A-F Volt.—Grid 30* 30% 75 = 300 ¢ — — volts
A-FModulatingPower 0.3% 0.3% 0.36* 52 — —_ watts
Peak Power Output 68¢ 80* 84 = 208 = — — watts
R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINCS
D-C Plate Voltage ............oiiiiiiinnnnnnnnnnns 1250 volts
D-C Screen Voltage . .............c..uiiiuiuiaiinnnn 300 volts
D-C Plate Current (Carrier) 70 ma
Plate Dissipation (Carrier) 40 watts
Screen Dissipation (Carrier) 15 watts
D-C Plate Voltage ..........c.coiiiinnunennnn 1250 volts
D-C Screen Voltage ........ 300 volts
D-C Suppressor Grid Voltage . - 0 volts
D-C Grid Voltage ........ ... ..ouiuiiiiiiiinnennnnn. —30 volts
D-C Plate Current . ... ... .. ...t 43 ma
D-C Screen Current . ... ... ... ...t 15 ma
Peak R-F Input Voltage ...............cviiuinnn. 70* volts
R-F Driving Power . ..........c..iiriuiiinnnnainnnns 0.5 watts
Carrier Power Output . ............ ... 0iieinnunnn. 16 watts
Peak Power Output . ... .............c.ccuivuieennns 64 * watts

2At 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.

SHIELDINC

Shielding of the grid input tuning system from the plate tuning apparatus
is desirable and will provide improved stability. If a shield is applied to the
RK-46 it should enclose the base and extend to the lower internal shield and
sab:oAt;ld 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.
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RK-47
4_-x00a TETRODE
POWER AMPLIFIER
OSCILLATOR

The RK-47 is a beam type aligned
grid tetrode having a thoriated tung-
sten filament, a hard glass bulb ana
an isolantite base. The use of aligned
grids reduces the ratio of screen
current to plate current and allows
more efficient utilization of the
total space current. The deflector
plates in the RK-47 are connected
to base pin #4 which should be con-
nected to the filament center-tap.
FILAMENT RATING

Filament Voltage ........... IO

Filament Current

DIRECT INTERELECTRODE CAPACITANCES

24 oA
[T~ <R mAax™

i —
Bf"e

K]

7;

Crid to Plete . .............. naf
T Input ... ... e l 3 upf
D BRSE Output . ...................
‘3 ROF POWER AMP. OR OSC.—CLASS € *
MAXIMUM RATINGCS
D-C Plate Voltage—Telegraphy ................... 1250 volts
D-C Plate Voltage—Telephony
with Control Crid Modulation ................. 1250 volts
With Plate or Plate G Screen Modulation........ 900 volts
D-C Screen Voltage ........... ...c.coiuuiunnnnnann 300 volts
D-CPlate Current .............c.ciiiiniiininrnnnn 150 ma
D-C Control Grid Current ... ...........cviuun.n. 10 ma
R-F Control Grid Current . ............ ... .. ...nn S amp
Plate Dissipation ............c.ciiiiiiiiaaa, S0 watts
Screen Dissipation ... ... . ... e 108 watts
Teleph Teleph Teleph Telegraphy
ontrol Plate Plate &
TYPICAL OPERATION ca,m Only Scroen
Modulation Modulation Modulation
D-C Plate Voltage. ..... 1250 900 900 1250 volts
D-C Screen Voltage ... 300 300 250 300 volts
D-C Control Grid Voltage —135 —100 —120 —70 volts
N-C Plate Current. .. ... 60 80 90 138 ma
D-C Screen Current. . . .. 9 50 23 14 ma
D-C Con. Grid Current. . . 1.6 10 15 7 ma
Screen Resistor . . ... .. — 120001 280004 — ohms
Peak R-F input Voltage. . 155 160 180 160 volts
R-F Driving Power ..... 1.43% 1.5 1.2 1.0 watts
Carrier Power Output . .. 28.5 50 55 120 watts
Peak A-F Volt.—Plate. . 900+ 900* — volts
Peak A-F Volt.—-Crid. .. 40 & — 250° — volts
A-F Modulating Power . 0.37» 36 — watts
Peak Power Output. . ... 114 = 200 220° watts

$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.

RAYTHEON AMATEUR TUBES

RK-47
R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINGCS

D-C Plate Voltage volts
D-C Screen Voltage 300 volts
D-C Plate Current (Carrier) . .........c.covvuvennnn.. 75 ma

Plate Dissipation (Carrier) ................ ........ 50 watts
Screen Dissipation (Carrier) ..............cc.0vuvnnnn 10 watts
TYPICAL OPERATION
D-C Plate Voltage ...........ciiiiiiiiiniennnnnnnn. 1250 volts
D-C Screen Voltage ............ civiiueiniennneannn 300 volts
D-C Grid Voltage .............iiiiiuiiiiinineannn —30 volts
D-C Plate Current . ....... ... ... . ... ittt 60 ma
D-C Screen Current . .............ccitiiiirennnennns 2 ma
D-C Grid Current .. ... ... ottt nnnnn 0.9 ma
Peak R-F Input Voltage ................. . .civuvvnnn 90 volts
R-F Driving Power .............ciiiniiiiiinennnnnnn 4 o watts
Carrier Power Output ... .........oiiitiiniiunnnnn 25 watts
Peak Power Output ... ..........c.iuniuneeneenenn 100%* watts

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

OPERATING NOTES
FREQUENCY RANCE
The RK-47 may be operated at the maximum ratings at frequencies up to
30 megacycles. Above 30 megacycles the reduced efficiency realized requires
that the plate voltage be lowered to a maximum of 900 volts to prevent the
plate dissipation from exceeding the maximum rated value. The operation of
the tube at frequencies higher than 60 megacycles is not recommended.

EXCITATION

The Class C amplifier characteristic curves show the power output, plate cur-
rent and screen current plotted vs. excitation as denoted by the d-c control
grid current in milliamperes. The power output flattens off around 7 or 8 ma.
of grid current with very little gained above these values. The screen dissipa-
tion increases with excitation and for this reason the excitation should be kept
at a reasonable value.

SHIELDING

Shielding of the grid input tuning system from the plate tuning apparatus is
desirable and will provide improved stability. If a shield is applied to the RK-47,
it should enclose the base and extend to the lower internal shield and should
clear the glass bulb by at least 1/16”.

BIAS

At least 25 volts of fixed bias should be used with 1250 volts on 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-47 is not recommended for use as a crystal controlled oscillator.

PLATE TEMPERATURE

The plate of the RK-47 will show a dull cherry red color (See Plate Tem-
perature Color Scale) at the center of the plate, if viewed in the dark, when
operated at the maximum rated plate dissipation. Dissipations above the rated
value should be avoided

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

| BAYONET

:{'mmx. ?\' grids reduces the ratio of screen cur-
wonexivaen) | N rent to plate current and allows
6L4SS BULD | ee more efficient utilization of the

° total space current. The -deflector

pia:)es in |he4RK’;§?‘ a’:e Ic:rt\)necfed
to base pin which shou e con-
nected tpo ﬂjfe filament center-tap. BOTTOM VIEW OF SOCKET
FILAMENT RATING
Filament Voltage ............ 10 volts
Filament Current ............ 5 amp
DIRECT INTERELECTRODE CAPACITANCES
GCrid to Plate 0.13

84
cs

nuf

§ 3
R UU._:"? Input ... 17 uuf
4 }'Ufggmamz Output .ot 13 unf
Yu" 018 2inS R-F POWER AMP. OR OSC.—CLASS C
MAXIMUM RATINCS
D-C Plate Voltage—Telegraphy ................... 2000 volts
D-C Plate Voltage—Teleohony
With Control Grid Modulation ................ 2000 volts
With Plate or Plate &G Screen Modulation. .. .... - 1500 volts
D-C Screen Voltage . ...........c.ciiiiiiinn.n 400 volts
D-CPlate Current . ... ..ot iiinneennnnns 180 ma
D-C Control Grid Current . ... ..., 25 ma
R-F Control Grid Current .. ........... ... 8 amp
Plate Dissipation . .............c0iiiiiiiiiaiaans 100 watts
Screen Dissipation . ... . ......i.iiiee e 22 watts
y Telephony Telegraphy
] Iate Plate &
TYPICAL OPERATION  Com e R
Modulation Modulation Modulation
D-C Plate Voltage 1500 2000 1500 1500 2000 volts
D-C Screen Voltage 400 400 400 400 400 volts
D-C Con. Crid Voltage —145 —I155 —100 —100 —100 volts
D-C Plate Current 77 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 — — 2000t 35000 — 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.—Grid 45 * 45 * — 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.
tConnected 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 ............couiiiniunanenonennnans 2000 volts
D-C Screen Voltage . ..........ooiuiniinuenecnannnnn 400 volts
D-C Plate Current (Carrier) . .............ccuueen.n- 100 ma
Plate Dissipation (Carrier) .. .............0coenennnn 100 watts
Screen Dissipation (Carrier) . ........... .. ey 10 watts
TYPICAL OPERATION

D-C Plate Voltage ....... S 2000 volts
D-C Screen VOItage ... .. ... inirinnascanassnn 400 volts
D-C Control Grid VOIltage . ...t innineronecnns —35 volts
D-C Plate Current ... .. ... .. iittiiirnnneennn 76 ma
D-C Screen Current . ....... ...ttt iiriaraneencnns 6 ma
D-C Grid CUIrent . ..o vttt iiieanaaeneanens 0.35 ma
Peak R-F Input Voltage . .........c.ciiiiniinrienenns 80 ¢ volts
R-F Driving POWer . ..........c.cieiiunnennesnconans 0.22+ watts
Carrier Power Output . ....... ... .00itiuinneernoeeennn 60 walts

240 ¢ watts

Peak Power Output . .............cciiieeerntennns
OPERATING NOTES
FREQUENCY RANCE
The RK-48 may be operated at the maximum ratings at frequencies up to
30 megacycles. Above 30 megacycles the reduced efficiency realized requires
that the plate voltage be lowered to a maximum of 1500 volts to prevent the
plate dissipation from exceeding the maximum 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 Plate Temperature
Color Scale) when operated at the maximum rated plate dissipation. Dissipa-
tions above the rated value should be avoided.

g RVERAGE CHRRARCTERISTICS 191;
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RAYTHEON AMATEUR TUBES

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
N aligned grids reduces the ratio ot
) screen current to plate current and
» allows more efficient utilization of
23':: the total space current. The elec-
“ b trical characteristics are similar to
M those of the type 6L6C. BOTTOM VIEW OF SOCKET
P HEATER RATING
/smymz Heater Volt. 6.3 volts
A Heater Cur. 0.9 amp
DIRECT INTERELECTRODE CAPACITANCES
m m Crid to Plate ............... 1.4 uuf
Input . ... 1.5 upf
Output . ... .. e 106 uuf
R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C
MAXIMUM RATINCS
D-C Plate Voltage-—Telegraphy ..................... 400 volts
D-C Plate Voltage—Telephony-—With Control Crid Mod. 400 volts
With Plate or Plate and Screen Modulation. ........ 300 volts
D-C Screen Voltage ... ... ... ...t 300 volts
D-CPlate Current ... ... .. ... ... i 100 ma
D-C Control Grid Current 6 ma
Plate Dissipation . ....... 21 watts
Screen Dissipation . ..... 35 watts
T hony hony T h Telegraphy
Control Plat Plate &
TYPICAL OPERATION Gria Only Sercen
Modulation Modulation Modulation
D-C Plate Voltage. .. ... 400 300 300 400 volts
D-C Screen Voltage. .. .. 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 Control Grid Current 0.5 6 3 ma
Screen Resistor ........ — 5500t 6700¢ — ohms
Peak R-F Input Voltage. 47 64 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.—Grid. .. 25 % — 200% — volts
A-F Modulating Power. . 0. IS* 9 11 — watts
Peak Power Output. .. .. 28 48 = 52 = — watts
At the peak of the a-f cycle wnth 10095 modulation
fConnected 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-49
R-F POWER AMPLIFIER—CLASS B—TELEPHONY
MAXIMUM RATINGS

D-C Plate Voltage . .......couvi i, 400 volts
D-C Screen Vollage . ........c. vt uinnnnenanonns 300 volts
D-C Plate Current (Carrier) 75 ma
Plate Dissipation (Carrier) 21 watts
Screen Dissipation (Carrier) 3.5 watts
D-C Plate Voltage ........ ... iiiiiienn. 400 volts
D-C Screen Voltage ..........cuiiiiiuiiiniuiennns 250 volts
D-C Grid Voltage . ......... vttty —30 volts
D-C Plate Current . ........ ..ottt ninenan 52 ma
D-C Screen Current S ma
D-C Crid Current . ............ 0.1 ma
Peak R-F Input Voltage 60 * volts
R-F Driving Power . ........ ..., 0.5% watts
Carrier Power Output 7 watts
Peak Power Output 28 watts

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

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 milllamperes. The power output flattens off around 3 or 4 ma
of grid current with very little gained above these values. The screen dissipa-
tion increases with excitation and for this reason the excitation should be kept
at a reasonable value.

SHIELDING

Shielding of the grid input tuning system from the plate tuning apparatus is
desirable and will provide improved stability. Due to the high grid to plate
capacitance, the RK-49 requires neutralization.
BIAS

At least 25 volts of fixed bias should be used with 400 volts on the plate
to protect the tube in case of failure of the bias or excitation. Additional bias
may be obtained by the use of a grid or cathode resistor.
CRYSTAL OSCILLATOR

When the RK-49 is used as a crystal controlled oscillator, a 10000 ohm grid
leak and a 400 ohm cathode resistor are recommended to give maximum power
output and easy starting.
PLATE TEMPERATURE

The plate of the RK-49 will not show color when operated at the maximum
rated plate dissipations. Dissipations above the rated value should be avoided.
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RK-51 RAYTHEON AMATEUR TUBES RK-51
»J.fmt-an TRIODE | savoner R-F POWER AMPLIFIER—CLASS C—TELEPHONY
A POWER AMPLIFIER a MAXIMUM RATINGS
8% OSCILLATOR 9@ QQ Grid Plate
The RK-51 is a triode type power Modulation  Modulation
~ amplifier tube having a thoriated D-C Plate Voltage 1500 1250 volts
o tungsten filament, a carbon plate, a LTttt
o0 - hard glass bulb and an isolantite D-C Plate Current (Carrier) ............... 60 105 ma
=% max =", base. It is designed for use as a Q‘o D-C Grid Current (Carrier) ......... e 5 40 ma
X Dourer i«'?ﬁr';:;ﬁ;'r oscillator or fre- (5 < Plate Dissipation (Carrier) ................ 60 40 watts
© AMPLIFICATION FACTOR 20 B0T7OMVIEWOFSOCKET
FILAMENT RATING Grid Plate
Fllament Comemt 1000000 335 Yamp  TYPICAL OPERATION Modulation  Modulation
otons” DIRECT INTERELECTRODE CAPACITANCES D-C Plate Voltage ....................... 1500 1000 1250  wvolts
Heo past J Crid to Plate ..........co.... 6 unf  D-C Grid Voltage ..................counn. —130 -—-150-200 volits
UU T Ionp'ut' ..... . gs uu; D-C Plate Current ...............covvnn.. 60 115 105 ma
. uteut ... : : ' : ML D-C Grid Current ... 0.4 30 17 ma
R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C— Peak R-F Input Voltage ................... 140 245 290  volts
MA.')’(EIIB-{EUCMRARK;'ILCS R-F Driving Power . ...............cc.c0... 2.3 6.6 4.5 watts
D-C Plate VOItage . .......voorerrnnnnn, o 1500 volts Carrier Power Output . ................... 32 83 96 watts
D-C Plate Current ............c..ovvuivnnnnn P 150 ma Peak A-F Modulating Voltage ............. 65 1000%1250% volts
PDI-$ 66(d ‘Cu;renr ............................ . gg "';a A-F Modulating Power ................... 1.05¢ 58 67 watts
ate Dissipation ......... TYPICALOPERATION """ Waltls  peak Power Output .............coiiiii.. 128%  332% 384%  watte
D-C Plate Voltage ................cccunu. 250 ;580 vo}ts “At the peak of the a-f cycle with 1009 modulation.
D-C Crid Voltage .. ............ ..c.ouunn. —200 —25 volts
D-C Plate Current . ... .................... 150 150 ma
D-C Grid Current .. ... ....... ... couuen. 38 31 ma
;efa’kDR-F Inpput Voltage . .................. ‘3%0 ]3(6)5 volts OPERATING NOTES
- riving Power ............... ... .. ... watts
Power Output . ............. ... ... ..v... 135 170 watts FREQUENCY RANCE
c _ The construction of the RK-51 allows operation at the maximum ratings at
R-F POWER AMMPA-)'(’:}'JIEURM RAI:I’AISESB TELEPHONY frequencies up to 60 megacycles. Above 60 megacycles the reduced efficlgency
D-C Plate Volt 1500 It realized requires that the plate voltage be lowered to prevent the plate dissipa-
B¢ PI:t: CSﬂ:F\f (Carriary i peeeeee 60 V°m: 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 Voltage . ....... ... iiiiiieneinnnnns =175 volts of 1500 volts to protect the tube in case of failure of the bias or excitation.
E-Ck P'{atFe lCurrten\} e T ?(7)0e rlr;a The fixed bias may be reduced with lower plate voltage.
ea -F Input Voltage ....................... . volts
R-F Driving Power . ..............ciuuiuiuiniennnnnns 35% watts
Carrier Power Output ... ... ... ... ...... .. iveunninn 0 watts PLATE TEMPERATURE
Peak Power Output ... ......... ... vt ierannnenns 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 10095 modulation. rated plate dissipation. Dissipations above the rated value should be avoided
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RK-52 RAYTHEON AMATEUR TUBES RK_SZ

sopon TRIODE | savoreer R-F POWER AMPLIFIER—CLASS C—TELEGCRAPHY
. MAXIMUM RATINGS
f POWER AMPLIFIER T B pe vouae 500 vl
- ate Current . 130 ma
OSCILLATOR D-C Criq Currgnt .. 50 ma
~ The RK-52 is a high-mu triode Plate Dissipation 60 watts
o ke type po:er amplifie;.ltube 'having a
=28 max ] '© thoriated tungsten filament, a car-
M, bon plate, a )Eard glass bulb and an 00‘% D-C Plate Voltage 1500 volts
= isolantite base. It is designed for use D-C Grid Voltage . ............. ...ccuuun. —120 volts
S as a power amplifier, oscillator or BOTTOMVIEWOF SOCKET ~ D-C Plate Current 130 ma
) frequency multiplier. D-C Grid Current 40 ma
Peak R-F Input Voltage ................... 200 195 volts
R-F Driving Power .............c0ivivunnn 7.4 7 watts
FILAMENT RATING Power Output . ............ .. .ccivininnnn 130 135 watts
(Beon Filament Voltage 15 volts R-F POWER AMPLIFIER—CLASS C—TELEPHONY—
MrRBASE Filament Current . ... A 3.75 amp
BAYONET PLATE MODULATION
U0 MAXIMUM RATINGS
- DIRECT INTERELECTRODE CAPACITANCES g-g ;llate E’oltage ................................ 1250 volts
. - ate Current . .. .. .. . ... i 115 ma
f‘“d t'° Plate ............... é26 I‘::: D-C Crid Current . ...........¢.eeeueeeeeeennnnnenn 50 ma
()’Lpt‘;ut.' St 22 bt Plate Dissipation . ............ccciiienieeiiienanin. 40 watts
TYPICAL OPERATION
- D-C Plate Voltage ....................... 1000 1250 volts
A-F POWER AMPLIFIER—CLASS B—TWO TUBES D-C Crid Voltage .... .. ... . 1l —1200  —120 volts
MAXIMUM RATINGS D-C Plate Current . ..............ccc.u... 125 115 ma
D-C Grid Current . ...............c0vvuun.. 41 47 ma
D-C Plate Voltage ...............cuiiuiiunennennnns 1250 volts Peak R-F Input Voltage . ....... voooooi.. 195 200 volts
D-C Plate Current (per tube) . ...................... 150 ma R-F Driving Power ...............0ccouu.. 1.2 8.5 watts
Plate Dissipation (per tube) ........................ 62.5 watts A-F Modulating Power .................... 63 72 watts
(Average over ) cycle) Carrier Power Output ..................... 90 105 watts
Peak Power Output ...................... 360 420 watts
TYPICAL OPERATION OPERATING NOTES
D-C Plate VOIAGE ..o oeeeeararneeianenneannnann 1250 volts  FREQUENCY RANGE
D-C Grid Voltage . . ........cccii vreinnnnnnnn . o] volts The construction of the RK-52 allows operation at the maximum ratings at
D-C Plate Current (no signal) ............... . 40 ma frequencies up to 60 megacycles. Above 60 megacycles the reduced efficiency
D-C Plate Current max. signal) ..... . 300 ma realized requires that the plate voltage be lowered to prevent the plate dissipa-
D-C Grid Current (max. signal) ...... . :(8)8 'R. tion from exceeding the maximum rated value.
Peak A-F Grid Voltage (grid to grid) volts
Af; Driving Power 8 . 8 ...... g 1.5 watts PLATE TEMPERATURE
Load Resistance (plate to plate) . 10000 ohms ~The plate of the RK-52 will not show color when operated at the rated plate
Power Output . ..............iiiiiiiiiiiiiaaaan, 250 watts  dissipation. Dissipations above the rated value should be avoided.
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RK_]OO RAYTHEON AMATEUR TUBES RK-]OO
GASEQUS DISCHARGCE TRIODE R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C
POWER AMPLIFIER z~ =m D-C Plate Voltag MAXIMUM RATINCS 150 e
- ate Voltage ......... R . e vo
OSC'LLATOR g-g Elute ?urrgnt ................................ %(5)8 ma
The RK-100 is a heater type gas- - ontrol Grid Current . .............. ... .....00 ma
eous discharge tube designed for use D-C lonizing Current . ............ .. ... ...0cuuunnn, 250 ma
e as a power amplifier or oscillator. Plate Dissipation . ..............c.cceetneneannnaens 15 watts
o The RK-100 differs from conven- .
. ¥, tional tubes in that it contains mer-  srrowmovesorer TYPICAL OPERATION—R-F OSCILLATOR—CLASS C
Z;,zfl LN cury vapor and an auxiliary grid, . D-C Plate Voltage ..............cciiiiuiinnnnnnnnns 110 volts
¥ number one grid, which acts as an anode for the ionizing D-C lonizing Current . ...............eiiairaeennnnn 150 ma
.y discharge and as a virtual cathode for the amplifier sec- D-C Plate Current ..................... e 80 ma
<+ tion of the tube. In practice the actual cathode is used  D-C Control Grid Current ... ...............ieeuunnn 8 ma
as the zero potential point for the circuit returns. Controlo(;rid Resistor ...........c.c.coiiiiievnnninnen, ;5050 ohms
Power Output . ... ... .. ... it . watts
o peonc HEATER RATING g
mea spse Heater Voltage ............. 6.3 volts TYPICAL OPERATION—R-F AMPLIFIER—CLASS C
— Heater Current ............. 0.9 amp 8-2 IPlate Vogage ....................... :;8 ;;8 volts
% -C lonizi urrent ... ma
WW = obmecr inTereecTrobE capaciTances D-C pcncl"Cdf C ....................... 175 3 ma
idtoPlate ............... 19 f - ontrol Gri urrent ... ... ma
(rid o Plate ...ovvnnenens 23 hif  Control Grid Resistor «......... SORRRRRN 500 500 ohms
OUIDUL oo eeeeeee e, 3 unf Peak R-F Input Voltage . .................. S5 S5 volts
Driving Power .................. [ 2 2.1 watts
A-F POWER AMPLIFIER—CLASS A Power OUtpUt ... ....'tieinirennannnnann 1 12 watts
MAXIMUM RATINCS
D-C Plate Voltage .................... e e ;gg volts OPERATING NOTES
D-C Plate Current .............¢cciiiinninneennnnns ma
D-C Control Grid Current . ................ e 100 ma 1ONIZING DISCH.A,RGE CIRCUIT o . .
D-C 10niZing CUMTeNt ... ......vrrreeeninnaaeennnns 250 ma Under all conditions a separate current limiting resistor should be used in
Plate DiSSIDALION oo vvno ettt ite e iiieeeenas . 15 watts series with the number one grid ot 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—SINCLE TUBE grid to the cathode is approximately 10 volts,
D-C Plate Voltage . .................. . 110 110 volts
D-C Control Crid Voltage . ................ —1.6 —1.6 volts CIrRcuIT OPFRATION L X .
D-C lonizing Current ... .............. . 150 250 ma The operation of the RK-100 is similar to that of a conventional high vacuum
D-C Plate Current (no signal) ... ......... S0 65 ma tube except for the ionizing discharge mentioned above and the markedly differ-
D-C Control Grid Current (max. signal) . ..... ki 85 ma ent values of tube parameters such as high transconductance and high grid
A-F Grid Voltage (RMS) ......... PR 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 ...............cvviuuennn 3600 2500 ohms grid. This makes it necessary to tap down on the output plate coil to match
Transconductance .............. «.......n 12000 16000 umhos the low tube impedance. The input impedance is low so relatively few turns
Load Resistance ...............c..oceuennn 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 Thebabovehcharacteristics, 'Iow inpultf and output Iimpedances, bn;ak; itnggliicult
to obtain the same power from a self-excited oscillator as can obtai rom
TYPICAL OPERATION—PUSH-PULL—TWO TUBES a driven amplifier. The power necessary to drive the tube may be obtained
D-C Plate Voltage .............cocuvun.n. 110 110 volts from conventional tubes such as the type 48 or one RK-100 will drive two
g-(cZ Fontrol Ccrid Volt(age el . -—} 560 —;560 volts RK-100 tubes.
- onizing 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 aliowed to warm up
A-F Crid Voltage (grid 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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RAYTHEON AMATEUR TUBES

| BAYONET

oS

o 6

BOTTOM VIEW OF SOCKET

841
842 841
864 TRIODE
POWER AMPLIFIER
OSCILLATOR
The 841 is a high-mu triode type
power amplifier tube having a thori-
ated tungsten filament and an iso-
lantite base. It is designed for use
as a power amplifier or oscillator.
FILAMENT RATING
‘ H Fil t Volt. 1.5 volts
— 25 pni ™ F:I:ms:‘\t Cur. 1.25 amp
vl
Rt DIR. INTERELEC. CAPAC.
¥ ?rid to Plate ‘7‘ uu;
Al put u
PLEATE ";n O':J l‘:)ut 3 ;’:/lf
wED ARSE
BAvoneT A-F AMPLIFIER—CL., A—RES. COUPLED
[ MAXIMUM RATINCS
N D-C Plate Voltage .............

TYPICAL OPERATION

D-C Plate Supply Voltage ..... . ......... 425;
D-C GCrid Voltage . .................0.... -6
D-C Plate Current . ... ................ 0.7
Amplification Factor 30
Plate Resistance ... 63000
Transconductance ... 450
Peak A-F Crid Voltage . 6
Load Resistance ............. 0.25
Voltage Output (59 second harmonic) ... .. 126

.. 425 volts
1250 volts
12 watts
10002 volts
—9 volts
2.2 ma
30
40000 ohms
750 umhos
9 volts
0.25 megohm
225 volts

A-F POWER AMPLIFIER—CLASS B—TWO TUBES

MAXIMOM RATINCS

volts

apPeonG | N
SMALL BRSE l

D-C Plate Voltage .

D-C Plate Voltage .
D-C Crid Voltage
D-C Plate Current .
Amplification Factor

Transconductance . ...

Plate Resistance

864

TRIODE
AMPLIFIER
DETECTOR

The 864 is a filament type triode
amplifier tube designed for use as a
detector or audio frequency ampli-
fier in applications requiring a non-
microphonic tube.

FILAMENT RATING

Filament Volt, 1.1
Filament Cur. 0.25

DIRECT INTERELECTRODE

volts
amp

CAPACITANCES
Crid to Plate 5.3 uuf
Input 2.3 pnuf
Output 2.1 nuf

A-F AMPLIFIER—CLASS A
MAXIMUM RATINC

841

842
864

BOT TOM VIEW OF SOCKET
135 volts
135 volts

—-9.0 volts
35 ma
8.2
645 umhos
12700 ohms

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

D-C Plate Voltage

Plate Voltage .
Crid Voltage
Plate Current

D-C
D-C
D-C

D-C Plate Voltage . ...

D-C Plate Voltage .
GCrid Leak

Adjusted fo 0.2 ma with no signal

DETECTOR—GRID LEAK TYPE

DETECTOR—BIASED TYPE
MAXIMUM RATINC

—10.5

MAXIMUM RATINC

135 volts
135 volts
—15 volts

45 volts
45 volts
0.25-5 megohms
0.0025 uf

RVERAGE PLATE CHARACTERISTICS

Ep=L1YDC.

°

Bo

1£3

20

D-C Plate Voltage . ........ ...ttt iiieeninnnnennn
D-C Plate Current (with signal—per tube) ............ 60 ma
Plate Dissipation (per tube) ................cccuiuen 15 watts
TYPICAL OPERATION
D-C Plate Voltage .. e s 350 425 volts
D-C Crid Voltage .......... -5 —! volts
D-C Plate Current (no signal) 7 13 ma
D-C Plate Current (max. signal) ..... 114 120 ma
Peak A-F Crid 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 3.6 watts
R-F POWER AMPLIFIER OR OSCILLATOR—CLASS C
MAXIMUM RATINCS
D-C Plate Voltage—Telegraphy . ...............c.... 450 volts
D-C Plate Voltage— Telephony--Plate Modulation. .. ... 350 volts
D-C Plate Current . .......vuiiiiuitiuinine e 60 ma
D-C Grid Current . ... ... i i 20 ma
R-F Crid Current . ... ... .. .. ... . . i 4 amp
Plate Dissipation—Telegraphy . ..................... 15 watts
Plate Dissipation—Telephony—Plate Modulation ....... 10 watts
Telephon Telegraph:

TYPICAL OPERATION Plate Madulation grahy

D-C Plate Voltage ........... 25 350 350 450 volts
D-C Grid Voltage ......... —40 —47 —30 -—34 volts
D-C Plate Current 50 S0 50 50 ma
D-C Grid Current ..... 15 15 15 15 ma
Peak R-F Crid Voltage ........ 125 130 115 120 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 Output .......... 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 icolantite base. It is designed for use as an audio
frequency power amplifier.

FILAMENT RATING

Filament Voltage ......................... e 1.5 volts

Fillament Current ... ... ... .0ttt 1.25 amp
DIRECT INTERELECTRODE CAPACITANCES

Cridto Plate ........ ...ttt ittt 7 puf

INpUt e e e e 4 uuf

OUPUL . e e e e 3 uuf

A-F POWER AMPLIFIER—CLASS A
MAXIMUM RATINGCS
D-C Plate Voltage ...........c.viiiinnteeennnnan 425 volts
Plate Dissipation ........ .. ....iiiiiiiiiiiea.. 12 watts
TYPICAL OPERATION

D-C Plate Voltage .......... e 350 425 volts
D-C Grid Voltage . ....................... =72 —100 volts
D-C Plate Current . .... ...........c...... 34 28 ma
Peak A-F Crid Voltage .................... 67 95 volts
Amplification Factor ................... 3 3
Transconductance . ...................... 1250 1200 umhos
Plate Resistance ..................c....... 2400 2500 ohms
Load Resistance ......................... 5000 8000 ohms
Power Output (59, second harmonic)....... 2.1 3.0 watts

For tube outline and basing view see type 841.
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gggA 866A RAYTHEON AMATEUR TUBES 872A 866A
866
872A MERCURY VAPOR TYPE MERCURY VAPOR TYPE 879A
HALF-WAVE RECTIFIER
HALF-WAVE RECTIFIER The 872A is a half-wave, shielded s saroner

. The 866A is a half-wave, shielded,
filament type mercury vapor recti-
tier tube particularly suited for high
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 S00 milliam-
peres.

FILAMENT RATING
Filament Volt. 2.5

i _Bavoner

@ T &

o NG5

volts

Filament 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 Filter

A-C Input Maximum  puny Maximum
Clrcuit Voltage D-COUtBUt Choxg 'c".,',.i'.".'.'.‘,"l D-C Output
RMS Volts Volts To Henrles Mids. Current
Filter (w) ©) Amperes

Single-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 2.8 0.5
SinFIe‘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
ot (200" e 3 87 a3
Four Tubes 2000 3600 8.9 I 05
Choke Input . . !

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 ............ ... 0 iiiiiineennnnnn 2.5 volts
Filament Current . .................cvveuenn. PN 5.0 amp
MAXIMUM RATINGS—TEMP. RANGE 10°—60° C.
Peak Inverse Voltage .............. e eea e 7500 volts
Peak Plate Current ........ e P 1.0 amp
Average Plate Current ............. e 0.25 amp
Tube Voltage Drop (approximate) ............... .. 15 volts
TYPICAL OPERATION
One Section Filter
A-C Input Maximum — Minimum  Maximum Maximum
Circult Voltags D-C Output Choke Condenser D -C Output
RMS Volts Volts To Henrles Mfds. Current
Filter (L) (©) Amperes
Single-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 28 0.5
Choke Input 1000 ** 900 2.1 4.2 0.5
Single-phase 2650 ** 3000 — —_ 0.25
Full-Wave 2000 ** ** 2260 — —_ 0.25
Two Tubes 1560 ** " 1700 —_ —_ 0.25
Condenser Input J 1000 ** ** 1150 — — 0.25
Em _l&-’gt\:se 5000 total 4770 12.0 0.8 0.5
Bridge Circuit 04300 1 3938 %0 L8 rE
Four Tubes 3500 2700 68 Vs 035

Choke 1hput
For tube outline, basing view and operating notes see type 866A.
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filament type mercury vapor rectifier

tube designed for heavy current,

0 high voltage power supplies. Two
‘i”‘;}" type 872A tubes in a full-wave rec- 90 09
" tifier circuit with a choke input fil-
T ter will supply a maximum of 2.5
amperes at 5000 volts d.c.
FILAMENT RATING L0
Filament Voit. 5.0 volts,
Filament Cur. 6.75 amp BOTTOM VIEW OF SOCKT
25 oomax~| MAXIMUM RATINGS—TEMP. RANGE
o 20°—60° C.
B Peak Inverse Voltage ........ 1000 volts
Peak Plate Current ...... ceen 50 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
j‘xg;&’m L (RMS) Te Fllter Current—Amp.
savongr o Single-phase
anse 139 2 Full-wave } 3535 per tube 3180 2.5
U 3 Two Tubes
SinFIe-phase
Brides Sveuit ¢ 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, r‘eavy prongs should be used and the filament voltage
should measure exactly 5.0 volts at the socket to insure long life.

C/IRCUITS FOR MERCURY~VAPOR RECTIFIER TUBES | &

()
SINGLE-PHRSE FULL WAVE TWO TUBES 06"9
| %
b &
v g &
W ]
53
g <
3
70 SINGLE PHASE &
suPPLY
TO SINGLE-PHASE 1 -
SUPPLY
Eqy = 0318 Epgy. Epvense=319Epy  Toy #0.636 Ipppy

* =0.9/5Fpps

SINGLE-PHRSE FULL WRYE BRIDGE CIRCUIT FOUR TUBES

1

Loems
DOC OUTPUT YOLTRGE
Eqy

| -
| S

TO SINGLE PHASE SUPPLY

Eoy= 0636 Epppy
" 20900 Fppys

Emveese /57 Egy Loy =0.636 Typor

THREE PHASE HALF WAVE THREE TUBES

f

+
W Egy = 0827 Eppey
1 © L1720 Eqpy
. Emverse=209 Epy
- 3
W T, 082710,

T0 ONE PHRSE OF
IPHASE SUPPLY

DC OUTPUT YOLTRGE

T03 PHASE SUPPL

The values of Eav, Einverse, and la: are based on
1. Sine Wave Supply Voltage 3. Zero Tube Volitage 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. N1 should be used for triodes operated at other than the published plate
voltage and for tetrodes or pentodes operated at other than the published
plate and screen voltages. For example, suppose it is desired to operate a Class
A pentode power amplifier at a plate and screen voltage 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 Is ]changed and the values are read from the curves in the same way as in
1g. N1,

Fig. N3 should be used for tetrodes and pentodes where only the screen volt-
age i1s changed and the values are read trom the curves as in the previous
figures. Tetrodes and pentodes should not be operated with the screen 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, R¢, for use with several values of plate
resistor, Ri., at plate supply voltages from 90 to 300 volts. The values of out-
put voltage, E., (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 Re, the grid
resistor for the following tube and for approximately 75 percent of the high
frequency response at 60 cycles, the value will be:

— mi 0.003
C = microfarads . _ (P1)

Rg.=— megohms - R

The curves were plotted using a value of Ry = 2Ruw in all cases.

For the condition, Rg = R1, the value of Re from the curves should be de-
creased 159%.

For the condition, R¢ = 4Rr., the value of R. from the curves should be in-
creased 109;.
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The value of Rz should not exceed the maximum value allowable in the grig

circuit of the following tube.
The proper value of cathode by-pass condenser, Cc, may be found from the

relat

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 re

ion:

Ce = microfarads
Re = ohms

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
characteristic curves of individual tube types.

in addition to the
It may be obtained from your

ratings and

dealer or directly from the Raytheon Production Corp. at a price of twenty-five

cents.
Type No. Structure
00A Triode
01A Triode
0Z4 Twin Diode
N0Z4G Twin Diode
1A4-T Tetrode
1A6 Heptode
184/951 Pentode
1B5/25S Duo-Diode Triode
1C6 Heptode
1C1G Heptode
1D5G-P Pentode
107G Heptode
1ESG-P Pentode
1E7G Twin Pentode
1F4 Pentode
1F5G Pentode
1F6 Duo-Diode Pentode
1F1G Duo-Diode Pentode
1G5G Pentode
1H4G Triode
1H6G Duo-Diode Triode
1)5G Pentode
1)6G Twin Triode
1-v Diode
2A3 Triode
2A3H Triode
2AS Pentode
2A6 Duo-Diode Triode
2A7 Heptode
287 Duo-Diode Pentode
5T4 Twin Diode
5U4G Twin Diode
5V4G Twin Diode
SW4 Twin Diode
5SwW4G Twin Diode
5X4G Twin Diode
SY3G Twin Diode
SY4G Twin Diode
5Z3 Twin Diode
5Z4 Twin Diode
6A3 Triode
6A4/LA Pentode
6AS5GC Triode
6A6 Twin Triode
6A7 Heptode
6A8 Heptode
6A8G Heptode
6ABS Cathode Ray
6ACS5G Triode
6B4G Triode
6BS Duo-Triode
686G Duo-Diode Triode
687 Duo-Diode Pentode
688 Duo-Diode Pentode
6B8G Duo-Diode Pentode
6CS Triode
6C5G Triode
6C6 Pentode
6C8G Twin Triode
6D6 Pentode
608G Heptode
6ES Cathode Ray
6E6 Twin Triode
6F5 Triode
6F5G Triode
6F6 Pentode
6F6G Pentode
6F7 Triode Pentode
6F8G Twin Triode
6GS/6H5 Cathode Ray
6G6G Pentode
6H6 Twin Diode
6H6G Twin Diode
6|5 Triode
6)5G Triode
6]7 Pentode
6)7G Pentode
6)8G Triode Heptode
6KS5G Triode
6K6G Pentode
6K7 Pentode
6KX7G Pentode
6L5G Triode
6L6 Tetrode
6L6G Tetrode
6L7 Heptode
6L7G Heptode
6NS5S Cathode Ray
6N6G Duo-Triode
6N6MG Duo-Triode
6N7 Twin Triode
6N7G Twin Triode
6P7G Triode Pentode
6Q7 Duo-Diode Triode
6Q7G Duo-Diode Triode
6R7 Duo-Diode Triode
6R7G Duo-Diode Triode
657G Pentode
675 Cathode Ra
6T7G/6Q6G Duo-Diode Triode
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Cathode

5.0 volt Filament
5.0 volt Filament
Cold

Cold

2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
2.0 volt Filament
6.3 volt Heater

2.5 volt Filament
2.5 volt Heater
2.5 volt Heater
2.5 volt Heater
2.5 volt Heater
2.5 volt Heater

5.0 volt Filament
5.0 volt Filament
5.0 volt Heater

5.0 volt Filament
5.0 volt Filament
5.0 volt Filament
5.0 volt Filament
5.0 volt Filament
5.0 volt Filament
5.0 volt Heater

6.3 volt Filament
6.3 volt Filament
6.3 volt Heater
.3 volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Filament
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
volt Heater
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Use

Detector

Detector or Amplifier
Full Wave Rectifier
Full Wave Rectifier

Remote Cutoff Amplifier
Frequency Converter
Detector or Amplifier
Detector Amplifier
Frequency Converter
Frequency Converter
Remote Cutoff Amplifier
Frequency Converter
Detector or Amplifier
Power Amplifier

Power Amplifier

Power Amplifier
Detector Amplifier
Detector Amplifier
Power Amplitier
Detector or Amplifier
Detector Amplifier
Power Amplifier

Power Amplifier

Half Wave Rectifier

Power Amplifier
Power Amplifier
Power Amplifier
Detector Amplifier
Frequency Converter
Detector Amplifier

Full Wave Rectifier
Full Wave Rectifier
Full Wave Rectifier
Full Wave Rectifier
Full Wave Rectifier
Full Wave Rectifier
Full Wave Rectifier
Full Wave Rectifier
Full Wave Rectifier
Full Wave Rectifier

Power Amplifier
Power Amplifier
Power Amplifier
Power Amplifier
Frequency Converter
Frequency Converter
Frequency Converter
Tuning Indicator
Power Amplifier
Power Amplifier
Power Amplifier
Detector Amplifier
Detector Amplifier
Detector Amplifier
Detector Amplifier
Detector or Amplifier
Detector or Amplifier
Detector or Amplifier
Amplifier or Phase Inverter
Remote Cutoff Amplifier
Frequency Converter
Tuning Indicator
Power Amplifier
Amplifier

Amplifier

Power Amplifier
Power Amplifier
Amplifier or Converter
Amplifier

Tuning Indicator
Power Amplifier
Detector

Detector

Amplifier

Amplifier

Detector or Amplifier
Detector or Amplifier
Frequency Converter
Amplifier

Power Amplifier
Remote Cutoff Amplifier
Remote Cutoff Amplifier
Detector or Amplifier
Power Amplifier
Power Amplifier
Mixer or Amplifier
Mixer or Amplifier
Tuning Indicator
Power Amplifier
Power Amplifier
Power Amplifier
Power Amplifier
Amplifier or Converter
Detector Amplifier
Detector Amplifier
Detector Amplifier
Detector Amplifier
Remote Cutoff Amplifier
Tuning Indicator
Detector Amplifier
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Type No. Structure Cathode Use ' AUTOMOTIVE TYPES
. Bead L.C.L. M.O0.L.
6US Cathode Ray 6.3 volt Heater Tuning Indicator voe
gegc $ento§e 23 volt Heater Remote %utof?ﬁmp:n:ier No. Volts Amps. C.P. Bulb Base Color Inches Inches
etrode 3 volt Heater ower Amplifier  gs) 6-8 02 10 G-31/2 Min Bayonet  White 1/2 15/16
6V6G Tetrode 6.3 volt Heater Power Amplifier R » : ~ “ady i
6VIC Duo-Diode Triode 6.3 voit Heater Detector Amplifier ~ R°° 6-8 04 1.5 G-41/2 Min.Bayonet  White  1/2 11/16
6W5G Twin Diode 6.3 volt Heater Full Wave Rectifier R40 R40A R50 RS1 R55
6X5 Twin Diode 6.3 volt Heater Full Wave Rectifier R41 R43
6X5G Twin Diode 6.3 volt Heater Full Wave Rectifier R42 R44
6Y6G Pentode 6.3 volt Heater Power Amplifier R46 R45
6Y1G Twin Triode 6.3 volt Heater Power Amplifier R48 R49
627G Twin Triode 6.3 volt Heater Power Amplifier R292 R49A
62Y5G 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
12AS Pentode 12.6/6.3 v. Heater Power Amplifier 1°01A.
12A7 Diode Pentode 12.6 volt Heater  Rectifier Power Amplifier 2 MAx.
12Z3 Diode 12.6 volt Heater Half Wave Rectifier
15 Pentode 2.0 volt Heater Amplifier
19 Twin Triode 2.0 volt Filament Power Amplifier
20 Triode 3.3 volt Filament Power Amplifier ]'g
22 Tetrode 3.3 volt Filament Amplifier ¥
24A Tetrode 2.5 volt Heater Detector or Amplifier g
25A6 Pentode 25 volt Heater Power Amplifier l
25A6G Pentode 25 volt Heater Power Amplifier
25A7G Diode Pentode 25 volt Heater Rectifier Power Amplifier
25B6G Pentode 25 volt Heater Power Amplifier R50
25L6 Tetrode 25 volt Heater Power Amplifier
25L6G Tetrode 25 volt Heater Power Amplifier
2525 Twin Diode 25 volt Heater Rectifier Voltage Doubler
2526 Twin Diode 25 volt Heater Rectifier Voltage Doubler
2526G Twin Diode 25 volt Heater Rectifier Voltage Doubler
26 Triode 1.5 volt Filament Amplifier
27 Triode 2.5 volt Heater Detector or Amplifier
g(l) Triode %g vo:t Fn}ament Detecptor or Amplli;ier
Triode .0 volt Filament ower Amplifier
g% Tetrode %g vo:t Enlament DetecPtor or ﬁmp:i:ier RAYTHEON TUBES FOR
Pentode .0 volt Filament ower Amplifier
34 Pentode 2.0 volt Filament  Remote Cutoff Amplifier SPECIAL APPLICATIONS
35/51 Tetrode 2.5 volt Heater Remote Cutoff Amplifier
36 Tetrode 6.3 volt Heater Detector or Amplifier Raytheon develops and manufactures tubes of all kinds for industrial and
gg gnode gg vo:t neater Dete%tor or Qmp:i:ier special applications and has facilities for rendering engineering service on the
entode .3 volt Heater ower Amplifier use of such tubes.
38/44 Pentode 6.3 volt Heater Remote Cutoff Amp:gf!er Included in these special types are rectifiers ranging in size from small
4 Triode 5.0 volt Filament Ampl!f!er battery charging bulbs to high power industrial rectifiers, thyratrons of both
2 Egmggg gg :g:: n:::g 5335: ﬁggl:::g the gas filled and mercury vapor types and permatrons.
43 Pentode 25 volt Heater Power Amplifier The permatron is a new form of gas or vapor filled tube in which the break-
45 Triode 2°5 volt Filament Power Amplifier down voltage is controlled by means of a magnetic field instead of a grid.
:? gual Grid Triode %g vo:t Ei:ament Eower ﬁmp:lfier Further information on these types may be obtained on request.
entode .5 volt Filament ower Amplifier
48 Pentode 30 volt Heater Power Amplitier
49 Dual Grid Triode 2.0 volt Filament Power Amplifier
50 Triode 7.5 volt Filament Power Amplifier
52 Dual Grid Triode 6.3 volt Filament Power Amplifier
53 Twin Triode 2.5 volt Heater Power Amplifier
55 Duo-Diode Triode 2.5 volt Heater Detector Amplifier
56 Triode 2.5 volt Heater Detector or Amplifier
57 Pentode 2.5 volt Heater Detector or Amplifier
58 Pentode 2.5 volt Heater Remote Cutoff Amplifier
59 Pentode 2.5 volt Heater Triple Grid Power Amplifier
7A Triode 5.0 volt Filament Power Amplifier
75 Duo-Diode Triode 6.3 volt Heater Detector Amplifier
16 Triode 6.3 volt Heater Detector or Amplifier
17 Pentode 6.3 volt Heater Detector or Amplifier
78 Pentode 6.3 volt Heater Remote Cutoff Amplifier
19 Twin Triode 6.3 volt Heater Power Amplifier
80 Twin Diode 5.0 volt Filament Full Wave Rectifier
81 Diode 7.5 volt Filament Half Wave Rectifier
82 Twin Diode 2.5 volt Filament Full Wave Rectifier
83 Twin Diode 5.0 volt Filament Full Wave Rectifier
83v Twin Diode 5.0 volt Heater Full Wave Rectifier
84/6Z24 Twin Diode 6.3 volt Heater Full Wave Rectifier
85 Duo-Diode Triode 6.3 volt Heater Detector Amplifier
89 Pentode 6.3 volt Heater Triple Grid Power Amplifier
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 volt 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.C.L. MmM.0.L.
Ne. Volts Amps. C.P. Bulb Base Color Inches  Inches
R40 6-8 0.15 0.5 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
R41 25 05 05 T-31/4 Min. Screw White 29/32 11/8
R42 32 05 075 T-31/4 Min. Screw Green 29/32 1i/8
R43 25 05 05 T-31/4 Min.Bayonet White 23/32 11/8
R44 6-8 0.25 0.8 T-31/4 Min. Bayonet Blue 23/32 11/8
R45 3.2 05 0.75 T-31/4 Min. Bayonet GCreen 23/32 11/8
R46 6-8 025 0.8 T-31/4 Min. Screw Blue 29/32 11/8
R48 20 006 0.03 T-31/4 Min. Screw Pink 29/32 11/8
R49 20 006 003 T-31/4 Min. Bayonet Pink 23732 11/8
R49-A 21 0.12 007 T-31/4 Min. Bayonet White 23/32 11/8
R50 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 23/32 11/8
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PLATE COLORS OF RAYTHEON
AMATEUR TUBES AT RATED

DISSIPATION
Watts Plate

Type Dissipation Color
RK-10 ................ 1S . No Color
RK-11 ... ... 25 L, No Color
RK-12 ... ... .. ... ... 25 e No Color
RK-18 ... ........... 40 . Light Cherry
RK-19 . ............... — et No Color
RK-20A . ............... 0 No Color
RK-21 ... ... ........ — e No Color
RK-22 ... ............ e No Color
RK-23 ... ... ....... 10 ... ... ... . ... No Color
RK-24 ... ... .......... 1.5 No Color
RK-25 ... ........... 10 ... .. ... No Color
RK-258 ................ 10 ... No Color
RK-28 ................ 100 ................ Light Cherry
RK-30 ................ 35 .. Dull Cherry
RK-31 ... ... .. ...... 40 . Light Cherry
RK-32 .. ... ... ... 50 ... Orange
RK-33 ................ 2.5 (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 ..., Lt. Yel. Red
RK-38 ................ 100 ................ Lt. Yel. Red
RK-39 ... ... .......... 25 e No Color
RK-41 ................ 25 . No Color
RK-42 ... .. ........... — e No Color
RK-43 ... ... ........ — e No Color
RK-44 ... .. ... ...... 12 . No Color
RK-45 ... .. .......... 10 ..o No Color
RK-46 . ............... 40 .. No Color
RK-47 ... .. ... ....... SO0 ... Dull Cherry

at center of plate if viewed in the dark.

RK-48 . ... ... ......... 100 ................ Light Red
RK-49 ... ... .......... 21 e, No Color
RK-S1 .. ... ... ....... 60 ... No Color
RK-52 ... ........... 60 ..., No Color
RK-100 ................ 1S . No Color
841 ... 12 No Color
842 ... ... ... 12 No Color
864 ... ..., e No Color
866  ................ — e e No Color
866A . ............... — e 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

COLORS &
APPROX. TEMPERATURE
EQUIVALENTS

White
1300° C. 2370° F.

Yellowish-White
1200° C. 2190° F.

Light Orange
1100° C. 2010° F.

Orange
1000° C. 1830° F.

Lt. Yellowish-Red

950° C. 1740° F.
Yellowish-Red
900° C. 1650° F.
Light Red
850° C. 1560° F.
Light Cherry
800° C. 1470° F.
Cherry
750° C. 1380° F.
Dull Cherry
700° C. 1290° F.
Dull Red
650° C. 1200° F.
Brown Red
600° C. 1110° F,

A list of types and color temperatures for plates operated at rated dissipation appears on the opposite page.

Lithographic color reproduction above must be considered approximate.
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