
































































































































































































































































~eunninqhamQ 
Radiotron 

Type 80 

FULL-WA YE RECTIFIER 
The 80 is II full-wave rectifying tube 

intended for use in d-c power-supply 
devices which operate from the 11-c sup-
ply line. 

CHARACTERISTICS 
FILAMENT VOLTAGE (A. C.) . . . . . . . . . . . . . . . . . . . . . . 5 . 0 
FILAMENT CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 0 

1 {A-C PLATE VOLTAGE PER PLATE (RMS).......... 350 
D-C OUTPUT CURRENT................... . .... 125 max. 

2 {A-C PLATE VOLTAGE PER PLATE (RMS).......... 400 max. 
D-C OUTPUT CURRENT. . . . . . . .. . . . . .. . . . . .. .. . 110 max. 

3,.JA-C PLATE VOLTAGE PER PLATE (RMS).......... 550 max. 
\D-C OUTPUT CURRENT. . . . . . . . . . . . . . . . . . . . . . . . 135 max. 

BULB (For dimensions, see P11ge 151, Fig. 11) ................. . 
BASE .................................................. . 

BOTTOM VIEW 

Volts 
Amperes 
Volts 
Milli11mperes 
Volts 
Milli11mperes 
Volts 
Milli11mperes 
ST-14 

Medium 4-Pin 
* This roting Is p,:rmissible only with Riter circuits hovins on input choke of ot leost 20 henri,s. 

INSTALLATION 

The baSCII pins of the 80 fit the st11nd11rd four-contact socket which should be mounted 
preferably to hold the tube in II vertic11l position. If it is necessary to place the tube in 
11 horizontal position, the socket should be mounted with both of the fil11ment-pin open­
ings, either at the top or at the bottom. This precaution locates the filament-plane vertic11l 
for most satisfactory perform,mce. Provision should be made for free circulation of air 
around the bulb since it becomes quite hot during oper11tion. 

The coated Filament of the 80 is designed to operate from the 11-c line through a 
step-down transformer. The volt11ge applied to the filament terminals should be the 
rated value of 5.0 volts under operating conditions 11nd 11ver11ge line voltage. 

The 11pproxim11te d-c output voltage of the 80 for v11rious values of a-c input volt11.9e 
m11y be obtained from the curves, page 123. For the d-c voltage available at the radio 
set, it is necess11ry to subtr11ct the voltage drop 11cross the filter from the value read from 
the curves. 

APPLICATION 

As a full-wave rectifier, the 80 may be oper11ted with condenser-input or choke-input 
filter under conditions not to exceed the ratings given under CHARACTERISTICS. 

As II hall-wave rectifier, two 80's m11y be operated in II full-w11ve circuit with reason-
11ble service11bility to deliver more d-c output current th11n can be obt11ined from one 
tube. For this use, the plates of each 80 11re tied together at the socket. The allowable 
voltage and 1011d conditions per tube are the same 11s for full-wave service. 

The filter mc1y be ot either the condenser-input or choke-input type. If 11n input 
condenser is used, consider11tion must be given to the instantaneous pe11k value of the 
11-c input voltage. The peak v11lue is about 1.4 times the RMS value as measured by 
most a-c voltmeters. Filter condensers, therefore, especially the input condenser, should 
have II rating high enough to withst11nd the inst11nt11neous peak value, if breakdown 
is to be 11voided. When the input-choke method is used, the available d-c output voltage 
will be somewhat lower than the input-condenser method for II given a-c plate voltage. 
However, improved regul<1tion, together with lower pe11k current, will be obtained. 
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~ Radiotron ~ 

Type '81 

HALF-WAVE RECTIFIER 
The '81 is a half-wave rectifier tube 

of the high-vacuum type for use in d-c 
power-supply devices operatin_s from the 
alternating-current supply line. Full-wave 
rectification may be 11ccomplished by 
two '81's. 

CHARACTERISTICS 

BOTTOM VIEW 

FILAMENT VOLTAGE (A. C.)........................ 7. 5 Vo!ts 
FILAMENT CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . 25 Amperes 
A-C PLATE VOLTAGE (RMS)....................... 700 max. Volts 
D-C OUTPUT CURRENT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 max. Milliamperes 
BULB (For dimensions, see P119e 151, Fig. 15).................. 5-19 
BASE .........•........................................ Medium 4-Pin Bayonet 

INSTALLATION 

The base pins of the '81 Fit the stand11rd four-contact socket which should be mounted 
to hold the tube in o vertical position. Provision should be made for free circulation of 
air around the bulb since it becomes quite hot during operation, 

The coated filament of the '81 is designed to operate from the 11-c line through a 
step-down transformer, The voltage applied to the filament terminals should be the 
roted value of 7.5 volts under operating conditions and average line voltage. 

The approximate d-c output voltage of the '81 in half-wave and full-wave connection, 
for various values of a-c input voltage, may be obtained from the curves on the preceding 
p11ge. For the d-c volt11ge available at the r11dio set, it is necessary to subtract the voltage 
drop across the filter from the value read from the curves. 

APPLICATION 

As II half-wave rectifier, the '81 may be operated under conditions not to exceed 
those given under CHARACTERISTICS. 

In full-wave circuits, two '81 's are required to rectify each half of the a-c voltage 
Operating voltages per tube are the same as for the half-wave circuit, but twice the 
d-c output current may be obtained. 

The filter m11y be of either the condenser-input or choke-input type. If an input 
condenser is used, consideration must be given to the instantaneous peak value of the 
a-c input voltage. The peak value is about 1.4 times the RMS v11lue 11s me11sured by most 
a-c voltmeters. For this reason, filter condensers, especially the input condenser, should 
have II rating hig_h_ enough to withstand the instantaneous peak value, if breakdown 
is to be avoided. When the input-choke method is used, the available d-c output voltage 
will be somewhat lower than with the input-condenser method for a given 11-c plate 
voltage. However, improved regulation, together with lower peak current, will be 
obtained. 

For special applications, it is possible to obtain a d-c output voltage approximately 
double th11t to be expected from conventional rectifier circuits, without exceeding the 
recommended maximum a-c input-voltage per tube. This is accomplished by means of a 
voltage-doubling system designed for eacb particular application. See page 17. 
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Type 82 

FULL-WAVE MERCURY-VAPOR 
RECTIFIER 

The 82 is II full-w11ve mercury-v11por 
rectifier tube of the hot-c11thode type for 
use in suitdble rectifying devices designed aonOM v1Ew 

to supply d-c power of uniform volt11ge 
to receivers in which the direct-current 

requirements dre subject to considerdble Vdridtion. The excellent voltdge-regul11tion 
chdrdcteristic of the 82 is due to its low and prdctically constant tube voltage drop 
(only dbout 15 volts) for any current drain up to the full emission of the filament 
(see page 4). 

CHARACTERISTICS 
FILAMENT VOLTAGE (A. C.)....................... 2. 5 
Fl LAMENT CURRENT. . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 . 0 
A-C VOLTAGE PER PLATE (RMS).............. . .... 500 max. 
PEAK INVERSE VOLTAGE........................... 1400 max. 
D-C OUTPUT CURRENT (Continuous)............ . .... 125 max. 
PEAK PLATE CURRENT. • . . . . . . . . . . . . . . . . . . . . . . . . . . . 400 max. 
TUBE VOLTAGE DROP (Approximate)................ 15 
BULB (For dimensions, see Page 151, Fig. 9) .................. . 

Volts 
Amperes 
Volts 
Volts 
Milli11mperes 
Milli11mperes 
Volts 
S-14 

BASE. •............. ·····•··············· · ·············· Medium 4-Pin 

MERCURY-VAPOR RECTIFIER CONSIDERATIONS 

The 82 h11~ very low intern11I resist11nce, so that the current it delivers depends on 
the resistance of the IOdd and the regul11tion of the power tr11nsformer. Sufficient pro­
tective resistdnce or redctdnce must always be used with this tube to limit its current to 
the recommended maximum v11lue. If this v11lue is exceeded, the tube volt11ge drop will 
incredse rdpidly dnd may perm11nently d11mage the fil11ments. 

It is ch11r11cteristic of mercury-vdpor rectifiers th11t no 11ppreci11ble pl11te current will 
Row until the plate voltdge re11ches II certdin critic11I positive v11lue. At this point the 
pl11te current rises steeply to II hiqh value in II s1n111l fr11ction of II second. This surge of 
current re-occurring edch time either pl11te becomes positive m11y excite circuits in the 
vicinity of the tube to d11mped oscill11tion and thus c11use noisy radio receiver oper11tion. 
It is usually necessary, therefore, to provide small r11dio-frequency chokes in series with 
edch plate lead so that the slope of the current w11ve front to the filter is reduced 
sufficiently to eliminate impact excit11tion. 

INSTALLATION 

The bese pins of the 82 fit the st11nd11rd four-contact socket, which should be inst11lled 
to hold the tube in a vertical position with the b11se down. Only II socket mdking very 
good filament cont11ct and c11p11ble of c11rrying 3 11mperes continuously should be used. 
Poor contact 11t the filament pins will c11use overheating 11t the pins 11nd socket, lowered 
filament volt119e, 11nd high intern11I tube drop with consequent injury to the tube. 
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The bulb becomes hot during co11tinuous operation. Provision should be made for 
adequate natural ventilation to prevent overheating, especially if shielding is employed. 

The coated Aliment Is intended for a-c operation from one of the secondary windings 
of a power transformer. This winding, provided with a center-tap or center-tap resistor, 
should supply at the filament terminals the rated operating voltage of 2.5 volts when 
average rated voltage is applied to the primary. The high current taken by the filament 
and the possibility of damage caused by applying plate voltage to the tube with its 
filament insufficiently heated make it imperative that all connections in the filament 
circuit be of low resistance and ot adequate current-carrying capacity. 

The plate supply is obtained from a center-tapped high-voltage winding designed 
so that the maximum a-c input voltage per plate will not exceed 500 volts RMS under 
varying conditions of supply-line voltage. The resistance of the transformer windings 
should, of course, be low if full advantage of the excellent regulation capabilities of 
this mercury-vapor rectifier is to be obtained. Since the drop through the tube is prac­
tically constant, any reduction in rectified voltage when the load is increased is due to 
the drop in the transformer and/or the filter windings. The return-lead from the plates, 
i.e., the positive bus of the filter and load circuit, should be connected to the center-tap 
of the filament winding. 

Shielding of this tube, particularly in sensitive receivers, may be necessary to eliminate 
objectionable noise. Radio-frequency choke coils, connected in series with each plate 
lead and placed within the shielding if used, are usually necessary in receivers having high 
sensitivity. The inductance of the chokes should be one millihenry or more. 

A fuse having a rating approximately SO% in excess of normal load requirements 
should be inserted in the primary of the power transformer to prevent damage in case of 
excessive current which may Row under abnormal conditions. 

It is recommended that the entire equipment be disconnected from the a-c power 
supply whenever the 82 is removed from or installed in its socket. 

APPLICATION 

As a full-wave rectifier, the 82 is recommended for supplying d-c power to receivers, 
particularly those in which the di; ect-current requirements cause considerable variation 
in the load impressed on the rectiRer tube. 

As a h1lf-w1ve rectiAer, the 82 may be operated with plates connected in parallel. 
For example, two 82's so arranged in a full-wave circuit can supply twice the output 
current of a single tube. When the 82's plates are operated in parallel, a resistor of not 
less than 100 ohms should be connected in series with each plate in order that each 
plate will carry its proper share of the total load. 

Filter circuits (page 28) of either the condenser-input or the choke-input type may 
be employed provided the maximum voltages and currents tabulated under CHARAC­
TERISTICS are not exceeded. The choke-input type of circuit is to be preferred from 
the standpoint of obtaining the maximum continuous d-c output current from the 82 under 
the most favorable conditions. 

Under operating- conditions, the 82 has a bluish-white glow filling the space within 
the plates and extending to some degree into the surrounding space outside the plates. 
This glow caused by the mercury vapor, is an inh~rent operating characteristic of the 82. 
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Type 83 
FULL-WA VE MERCURY-VAPOR 

RECTIFIER 
The 83 is a heavy-duty, full-wdve, 

mercury-vdpor rectifier tube of the hot­
cathode type. It is intended for use in 
suitdble rectifying devices designed to 
supply d-c power of uniform voltdge to 

B0110M VIEW 

receivers. The excellent voltdge reguldtion chdrdcteristic of the 83 is due to its low and 
practicdlly constant tube voltdge drop (only about 15 volts) for dny current drdin up to 
the full emission of its fildments. For mercury-vapor rect;fier considerdtions, refer to 
pages 4 dnd 125. 

CHARACTERISTICS 
FILAMENT VOLTAGE (A. C.)....................... 5 .0 
FILAMENT CURRENT............................... 3 .0 
A-C Pl.ATE VOLTAGE PER PLATE (RMS).............. 500 max. 
PEAK INVERSE VOLTAGE........................... 1400max. 
D-C OUTPUT CURRENT (Continuous)................. 250 max. 
PEAK PLATE CURRENT............................. 800 max. 
TUBE VOLTAGE DROP (Approximate)................ 15 
BULB (For dimensions, see Pdge 151, Fig. 13) ................. . 
BASE .............................................. • .... 

INSTALLATION 
lnstalldtion of the 83 is similar to thdt of the type 82. 

APPLICATION 

Volts 
Amperes 
Volts 
Volts 
Millidmperes 
Millidmperes 
Volts 
ST-16 

Medium 4-Pin 

As a full-wave rectifier, the 83 is intended for supplying large amounts of d-c power 
to receivers whose requirements dre in excess of the rdting of the 82. The 83 is recom­
mended for hedvy-drdin receivers in which the direct-current requirements cduse consider­
able Vdridtion in the lodd impressed on the rectifier tube. 

As d helf-weve rectifier, the 83 mdy be operdted with plates connected in pdrdllel. 
For exdmple, two 83's so drrdnged in d full-wdve circuit can supply twice the output 
current of d single tube. When the 83's pldtes dre operdted in parallel, d resistor of not 
less thdn 50 ohms should be connected in series with edch plate in order that edch 
plate will cdrry its proper shd.re of the totdl load. If the load is less thdn 75% of the 
total mdximum current rdt:ng of the tube(s), the series pldte resistors should be incredsed 
to 100 ohms edch. 

Filter circuits (pdge 28) of either the condenser-input or the choke-input type may 
be employed, provided the maximum voltages and currents tabulated under CHARAC­
TERISTICS dre not exceeded. The choke-input type of circuit is to be preferred from 
the stdndpoint of obtaining the mdximum continuous d-c output current from the 83 
under the most favordble conditions. 

Under operdting conditions, the 83 hds a bluish-white glow filling the spdce within 
the pldtes dnd extending to some degree into the surrounding space outside the pldtes. 
This glow, cdused by the mercury-vdpor, is dn inherent operdting characteristic of the tube. 
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Type 83-v 

FULL-WA VE RECTIFIER 
The 83-v is d high-vdcuum, full-wave 

rectiAer tube of the heater-cathode type. 
It is intended for use in suitable rectifying 
devices designed to supply d-c power to 
receivers hdving large d-c requirements. 

BOTTOM VIEW 

The excellent voltage regulation chdrdcteristic of the 83-v is due to the close spdcing of 
the cathode and plate. 

CHARACTERISTICS 
HEATER VOLTAGE (A. C.)......................... 5. 0 
HEATER CURRENT................................. 2.0 
A-C PLATE VOLTAGE PER PLATE (RMS).............. 400 max. 
D-C OUTPUT CURRENT. . . . . . . . . . . . . . . . • . . . . . . . . . . . 200 max. 
BULB (For dimensions, see Pdge 151, Fig.11) ................. . 

Volts 
Amperes 
Volts 
Millidmperes 
ST-14 

8"-SE ......................... , ..... ,, · • · • · · · · · · · · · · · · · · Medium 4-Pin 

INSTALLATION 

The. base pins of the 83-v fit the stdndard four-contact socket which mdy be mounted 
to hold the tube in any position. 

The bulb becomes hot during continuous operation. Provision should be made for 
adequate natural ventildtion to prevent overheating. 

The heater is designed to operate from the a-c line through d step-down transformer. 
The voltdge applied to the hedter should be the rated value of 5.0 volts under operating 
conditions and average line voltdge. The heater leads should hdve as low resistance 
as practical. 

The cathode of the 83-v is connected to the heater within the tube. 

APPLICATION 
As a full-wave rectifier, the 83-v is useful for sup­

plying large amounts of d-c power to receivers, particu­
larly those in which the d-c requirements cause con- :!j 
siderable variation in the load impressed on the ~ 
rectifier tube. g 

Filter circuits of either the choke-input or the ~ 
condenser-input type mdy be employed, provided the ~ 
mdximum vo1tdges and currents tdbuldted under CHAR-- C 
ACTERISTICS dre not exceeded. The choke-input type ; 
of circuit is to be preferred from the standpoint of ob- ~ 
taining the mdximum continuous d-c output current § 
from the 83-v under the most favorable conditions. u 

b 
For discussion of rectifiers and filter circuits, refer 

to pages 17 dnd 28, respectively. 
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Type 84 
FULL-WAVE RECTIFIER 

The 84 is a high-vacuum rectifier of 
the heater-cathode type, intended For 
supplying re:ctifie:d power to automobile:­
radio equipment de:signe:d for its charac­
teristics. This type: is interchangeable 
with the 624. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.) . .. ... . ......... . 
HEATER CURRENT ............ . . . ............. . ... . 

A-C PLATE VOLTAGE PER PLATE (RMS) . ............ . 

6.3 
0.5 

BOTTOM VIEW 

Volts 
Ampere: 
Volts 

PEAK INVERSE VOLTAGE .... . . .. . . . . .............. . 

D-C OUTPUT CURRENT •• • .•.•.. . •...••... . •....... 

350 max. 
1000 max. 

50 max. 
BULB (For dimensions, see Page: 151, Fig. 6) ... ..... .. ... ... . . . 

Volts 
Milliamperes 
ST-12 

BASE ••••• • .• . •.•.•.••••••• . •.•. • • •• . . .. .... .. . ... . . . ..• Small 5-Pin 

INSTALLATION 

The: base pins of the 84 fit the: standard five-contact socket which may be mounted 
to hold the: tube in any position. 

The bulb of this tube: will become ve:ry hot under certain conditions of operation. 
Adequate ventilation should be provided for cooling the tube by the use of chassis 
enclosures designed to radiate: heat efficiently. 

The: heater is designed so that the: normal voltage 
variation of 6-volt automobile: batteries during charge: 
and discharge will not materially affect the perform­
ance: or serviceability of this tube:. In such service, the 
heater terminals of the socket should be connected . 
directly across a 6-volt battery. Leads to the: battery 
should have as low resistance 11s practical. The: d-c 
potential difference he:.ste:r 11nd c.sthode should be: 
limited to 500 volts. 

APPLICATION 

As a full-wave rectiAer, the 84 may be: operated 
with condenser-input or choke-input filter under con­
ditions not to exceed the r.stings given under CHAR­
ACTERISTICS. 

s 

2 

I 

OPERATION CHARACTERISTICS +, TYPEB4 :+ - C.,•f.3 VOL1S -
I, I I I I 

- - i,-.,ur ,o r::u.u;B - -
-COl«NSl:R(C•4)Jf) 

----CH~ --

I I 

I:!<; '°' TS 11M - ..t. .. , ·-I•~ 

= -
!'! .:: ·- - -
,_ail -•"" - - - - ---- -~ - - - - -

• [)-C L~ M~LIAMPERES 

As a half-wave rectiAer, the 84 may be used by connecting the two plate termin.sls 
together at the socket. With this arrangement, the maximum d-c output current is 75 milli• 
amperes, while other v.slues are the same as for full-wave service. 
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Type 85 

DUPLEX-DIODE TRIODE 
The 85 is c1 heater type of tube con­

sisting of two diodes c1nd a triode in 
a single bulb. It is for use c1s c1 com­
bined detector, c1mplifier, c1nd c1utomc1tic­
volume-control tube in rc1dio receivers 
designed for its chc1rc1cteristics. 

The two diodes and the triode c1re independent of ec1ch other except for c1 common 
cathode sleeve, which has one emitting surfc1ce for the diodes and c1nother for the triode. 
The sepc1rc1te tube units permit of unusuc1I Rexibility in circuit arrc1ngement c1nd design. 
For example, the diodes of this tube cc1n perform the functions of detection and of c1uto­
matic volume-control; while c1t the sc1me time, the triode mc1y be used as an c1mplifier 
under its own optimum conditions. For diode-detector considerations, refer to page 19. 

CHARACTERISTICS 
HEATERVOLTAGE(A.C.orD.C.)................. 6.3 
HEATERCURRENT.......................... .. .. ... 0.3 
GRID-PLATE CAPACITANCE................ . ........ 1. 5 
GRID-CATHODE CAPACITANCE.............. . .. . .. . 1. 5 
PLATE-CATHODE CAPACITANCE.................... 4.3 
BULB (For dimensions, see Page 151, Fig. 7) .................. . 
CAP ................................................... . 
BASE .................................................. . 

Triode Unit-As Class A Amplifier 

PLATE VOLTAGE. .............. . 
GRID VOLTAGE ................ . 
AMPLIFICATION FACTOR ......... . 
PLATE RESISTANCE .......... • .... 
MUTUAL CONDUCTANCE ..... . ... . 
PLATE CURRENT ••.•............. 
LOAD RESISTANCE ...... . .....•.. 
POWER OUTPUT. ..... . ......... . 

135 
-10.5 

8.3 
11000 

750 
3.7 

25000 
0.075 

180 
-13.5 

8.3 
8500 
975 
6.0 

20000 
0.16 

Diode Units 

250 max. 
-20 
8.3 

7500 
1100 
8.0 

20000 
0.35 

Volts 
Ampere 
µµf 

µµf 

µµf 

ST-12 
Small Metal 
Small 6-Pin 

Volts 
Volts 

Ohms 
Micromhos 
Milliamperes 
Ohms 
Watt 

The two diode plc1tes c1re plc1ced around c1 cathode, the sleeve of which is common 
to the triode unit. Each diode plc1te hc1s its own base pin. Operation curves for the 
diode units are given under type 2B7. 

INSTALLATION 

The base pins of the 85 fit the stc1ndard six-contc1ct socket, which may be installed to 
hoid the tube in any position. 

For heater operation c1nd cathode connection, refer to INST ALLA Tl ON under 
type 6A7. 
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Complete shielding of detector circuits employing the 85 is gener11lly necessary to 
prevent r-f or i-f coupling between the diode circuits and the circuits of other stages. 

APPLICATION 

For applic11tion of the 85 refer to APPLICATION on type 55. The pl11te family of 
characteristics for the triode unit is given under type 55. 

TYPICAL OUPL..EX-OIOOE TRIODE CIRCUITS 

HALF'-WAVE DETECTOR 
DIODE BIASED AMPLIF'IER 

F'ULL-WAVE DETECTOR 
DIODE BIASED AMPI.IF'IER 

HALF'-WAVE OCTECTOR 
F'IXED BIAS AMPLlf"IER 

HALF'-WAVE DETECTOR 
DIODE BIASED D-C AMl'LIF'IER 

HALF'-WAVE DETECTOR 
FIXED BIAS AMPLIF'IER 

HALF'·WAVE OETECTOR,SEPARA TE 
A.V.C.,F'IXED BIAS AMPLIF'IER 

C I 

-+---l>MM-'-"""""' _ _..,.,,_B+ AV.C. 

F'IG.4 
¥3 
APPROXIMATE VALUES 

Ca a fl SO JJ µf' FOR 500-1!00 KC. 
\.'50 JJJJf' rOA 17!1 IC. 

Cz= OIJJ~ 
C:3• CUl,Jf' 
C4 • ClSJJ.f' OR LARGER 
C!, • Q!, JJf' OR LARaER 
C:9 • QOt-0.IJJf' 
C:7 = OOOOS-0.00IJJf' 
C:9 • 0.1 ~ OR LARGER 
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Cg~ nooo, JJ~ 0R SMALLER 
R1 =0.5-LO M£G0liM 
R2= LC>-1.!1 MEGOI-IMS 
R3 =0.1 MtGOHM 
~ ~<1$- LO M£GOHM 
R5,-: 1.0 MEGOHM 
R5=2S000•7SOOO OHMS 
Eb =VOLTAGE roR SENSITIVITY 
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Type 89 

TRIPLE-GRID POWER AMPLIFIER 
The 89 is a triple-grid power­

amplifier tube of the heater-cathode 
type recommended for use in receivers 
with 6.3-volt heater supply. The triple-
grid construction of this tube, with ex-

// ._ HE.A 

'-'GRID 1\111-METAI. TOP C.,._P 

BOlTOM VIEW 

ternal connections for each grid, makes possible its application as (1) a Class A power­
Amplifier Triode, (2) a Class A Power-Output Pentode, and (3) a Class B power­
Output Triode. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. or D. C.)................. 6. 3 
HEATER CURRENT................................. 0.4 
BULB (For dimensions, see Page 151, Fig. 7) ...............••.. 
CAP ................................................... . 
BASE .................................................. . 

Class A Power AmpliRer-Triode Connection 
(Grids No. 2 4r,d No. 3 tied to l)idte) 

PLATE VOLTAGE •••••.•••.•..••. 
GRID VOLTAGE (Grid No. 1) .....• 
PLATE CURRENT ................ . 
AMPLIFICATION FACTOR .•••...... 
PLATE RESISTANCE. •••••••••.•..• 
MUTUAL CONDUCTANCE ........•• 
LOAD RESISTANCE* •••.•••••..... 
SELF-BIAS RESISTOR . .....•....... 
UNDISTORTED POWER QuTPUT •..•• 

160 
-20 

17 
4.7 

3300 
1425 
7CXXJ 
1180 

0.3 

180 
-22.5 

20 
4.7 

3000 
1550 
6500 
1125 
0.4 

250 max. 
-31 

32 
4.7 

2600 
1800 
5500 
970 
0.9 

Volts 
Ampere 
ST-12 

Small Metal 
Small 6-Pin 

Volts 
Volts 
Milliamperes 

Ohms 
Micromhos 
Ohms 
Ohms 
Watt 

• Opti1111111 for 114xl• u11 undistorted pawer output. Approxhn.,tely twice the v4fue or 4ny given set of 
conditions Is reco ..... ndcd for lo.id of this tube when used 4S driver for Cius B stage. 

Class A Power Ampllfler-Pentode Connection 
(Grid No. 3 tied to e4thode) 

PLATE VOLTAGE.......... 100 135 180 
SCREEN VOLT. (Grid No. 2) 100 135 180 
GRIDVOLTAGE(GridNo.1) -10 -13.5 -18 
PLATE CURRENT........... 9.5 14 20 
SCREEN CURRENT.......... 1.6 2. 2 3 .0 
AMPLIFICATION FACTOR. . . 125 125 125 
PLATE RESISTANCE. .•..... 104000 92500 80000 
MUTUAL CONDUCTANCE... 1200 1350 1550 
LOAD RESISTANCE ..•••.... 10700 9200 8000 
SELF-BIAS RESISTOR........ 900 830 785 
POWER OUTPUT*.......... 0.33 0. 75 1.5 

* 9% tot.ti hMaonlc distortion-
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250 max. 
250 max. 
-25 

32 
5.5 
125 

70000 
1800 
6750 
670 
3.4 

Volts 
Volts 
Volts 
Milliamperes 
Milliamperes 

Ohms 
Micromhos 
Ohms 
Ohms 
Watts 



RCA CUNNINGHAM RADIOTRON MANUAL 

Class B Power AmpliAer-Triode Connection 

(Grids No. 1 ond No. 2 tied 109,tner, grid No. 3 t,ed to plote) 

PLATE VOLTAGE. ............................... . 
PEAK PLATE CURRENT ............................ . 
AVERAGE GRID DISSIPATION (Grids No. 1 and No. 2) 
TYPICAL OPERATION (2 tubes) 

Plate Voltage ............................... - , -
Grid Voltage (Grids No. 1 and No. 2 together) ... . 
Zero-Signal Plate Current (Per tube) .............. . 
Effective Load Resistance (Plate-to-plate) .......... . 
Power Output, Approximate (2 tubes) ............ . 

INSTALLATION 

250 max. 
90 max. 

0. 35 max. 

180 
0 
3 

9400 
3.5 

Volts 
Milliamperes 
Watt 

Volts 
Volts 
Milliamperes 
Ohms 
Watts 

The base pins of the 89 fit the standard six-contact socket which may be installed to 
hold the tube in any position. Sufficient ventildtion should be provided to circulate 
air freely dround the tube to prevent overheating. 

For heater operation, see type 411 For cathode connection refer to type 6A7. 

APPLICATION 

For Class A Triode Operation of the 89, the two grids (No. 2 and No. 3), immediately 
adjacent to the plate, are connected to the plate, while the third (No. 1) is employed 
for control purposes. Operation of the tube is then similar to dny Cldss A Power­
Amplifier Triode. When it is used as the driver For II Class 8 stage, the load requirements 
are changed as indicated in the note under CHARACTERISTICS. This change is recom­
mended in order to minimize distortion due to 
the driver stage. 

For Class A Pentode Operation of the 89, 
the grid (No. 3) adjdcent to the plate is tied 
to the cathode and thus serves as the suppressor, 
while the other two grids (No. 1 and No. 2) 
serve as the screen-grid and control-grid respec­
tively. Operation of the tube is then similar to 
any Class A power-output pentode. 

For either method of Cldss A operation the 
self-bias resistor should be shunted by II suitable 
filter network to avoid degenerative effects at 
low audio frequencies. The use of two 89's in 
push-pull eliminates the necessity For shunting 
the resistor. The value of the self-bias resistor 
required For two tubes in the same stage is 11p. 
proximately one-half that For a single tube. 

When the 89 is operated as II Class A 
Amplifier (triode or pentode), transformer- or 

TYPE 
E =Uva.T3 

impedance-coupling devices are recommended. If, however, resistance coupling is 
used, a resistance of 1.0 megohm may be employed, provided the heater voltage does 
not rise more than 10 per cent above rated value under any condition of operdtion. 

For Class B Triode Operation of the 89, the grid (No. 3) adjacent to the plate is 
tied to the plate, while the other two grids (No. 1 and No. 2) are connected together 
to serve as a single control grid. A discussion of Class B design features is given on p<!!ge 16. 
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AVERAGE PLAlE CHARACTERISTICS 
CLASS A OPERAllON• PENTOOE CONNECllON 

' ;YPE 89 
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AVERAGE PLATE CHARACTERISTICS 
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TYPE 89 
Ef•G.3 VOLTS 
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5 
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AVERAGE PLATE CHARACTERISTICS 
CLASS 8 OPERATION 
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Types V99 and X99 

DETECTORS, AMPLIFIERS 
The 99 types are three-electrode, 

9ener11l-purpose tubes designed for dry­
cell operation. The low power consump­
tion of these tubes mdkes them applicable 

to portable receivers dnd services where power economy is important. The two types 
have different b11ses. 

CHARACTERISTICS 
FILAMENT VOLTAGE (D. C.). .. . . . . . . . . . . . . . . . . • 3.0-3.3 
FILAMENT CURRENT ................ . .......... 0. 060-0. 063 
PLATE VOLTAGE............................. 90 max. 
GRID VOLTAGE.............................. -4.5 
PLATE CURRENT.............................. 2. 5 
PLATE RESISTANCE............................ 15500 
AMPLIFICATION FACTOR....................... 6.6 
MUTUAL CONDUCTANCE.................... . .. 425 
GRID-PLATE CAPACITANCE..................... 3.3 
GRID-FILAMENT CAPACITANCE.................. 2.5 
PLATE-FILAMENT CAPACITANCE................. 2.5 

Type V99 
BULB (See Page 151) .......................... T-8 (Fig. 3) 
BASE. ...................................... Small 4-Nub 

TYPE V 99 
BOTTOM VIEW 

INSTALLATION 

The base pins of the X99 fit the standard 
four-contact socket; the V99 fits only the small 
shell socket with b.,yonet slot. The sockets 
should be installed so that the tubes will operate 
in II vertical position. Cushioning of the sockets 
in the detector stage may be desirable if micro­
phonic disturbances are encountered. 

APPLICATION 

Volts 
Ampere 
Volts 
Volts 
Milliamperes 
Ohms 

Micromhos 
,.,.f 
,.,.f 
µ.µ.f 

Type X99 
T-8 (Fig. 1) 
Small 4-Pin 

TYPE X 99 
BOTTOU VIEW 

As detectors, 99's may be operated either with grid leak and condenser or with 
grid bias. The recommended plate voltage for the former method is 45 volts. A grid 
leak of from 1 to 5 megohms used with a grid condenser of 0.00025 µ.f is satisfactory. The 
grid-circuit return should be- connected to the positive filament terminal. For grid-bias 
detection the maximum plate voltage of 90 volts may be used with the corresponding 
negative grid bias of 10.5 volts. The grid bias should be adjusted so that the plate current 
is 0.2 milliampere with no input signal. 

As ampliRers, the 99's are applicable to the audio- or the radio-frequency stages of a 
receiver. Recommended plate and grid voltages are shown under CHARACTERISTICS. 
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Type 112-A 

DETECTOR, AMPLIFIER 
The: 112-A is c1 thre:e:-e:le:ctrode: 

storage:-bc1tte:ry tube for use: c1s c1 detector 
and as c1n c1mplifier. 

CHARACTERISTICS 
FILAMENT VOLTAGE (D. C.)....................... 5 .0 
FILAMENT CURRENT. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 25 
PLATEVOLTAGE ................ 90 135 180max. 
GRID VOLTAGE................. -4.5 -9 -13.5 
PLATE CURRENT................. 5 .0 6.2 7. 7 
PLATE RESISTANCE............... 5400 5100 4700 
AMPLIFICATION FACTOR.......... 8.5 8.5 8.5 

eonoM VIEW 

Volts 
Ampere: 
Volts 
Volts 
Millic1mpe:re:s 
Ohms 

MUTUAL CONDUCTANCE.......... 1575 1650 1800 Micromhos 
LOAD RESISTANCE............... 5000 9000 10650 Ohms 
UNDISTORTED POWER OUTPUT. . • . . 0. 035 0 .13 0. 285 Watt 
GRID-PLATE CAPACITANCE................ 8.5 µµf 

GRID-FILAMENT CAPACITANCE............. 4.0 µµf 

PLATE-FILAMENT CAPACITANCE............ 2.0 µµf 

BULB (For dimensions, see Pc1ge 151, Fig. 11).................. ST-14 
BASE .....•••....•....•.••.•••..••..•................... Medium 4-Pin Bayonet 

INSTALLATION AND APPLICATION 
The base pins of the: 112-A fit the stc1ndc1rd four-contclct socket which should be 

installed to hold the: tube in c1 verticc1I position. 
As c1 detector, the: 112-A mc1y be ope:rc1te:d either with grid lec1k c1nd condenser or 

with grid blc1s. For grid-bic1s detection, plc1te: voltc1ges up to the: maximum vc1lue: of 
180 volts mc1y be used with the: corresponding negc1tive: grid-bic1s voltc1ge (15 volts 
dpproximc1tely, c1t 180 volts). 

As c1n amplifier, the: 112-A should be operc1ted c1s shown under CHARACTERISTICS. 

AVERAGE PLATE CHARACTERISTICS 
40,---,--"T"""-.----.---.--.----.---.--..-........ - ........ -....----.--. 

TYPE 112-A 
Ef•$pvot.TS 0.C. 0 

! 25,t---+--+--iH--+-t---t--+-,r-+-,i;+-f---+---+--+--+---+---t 

t,1---+--+--t-+---tt---,...-------h-=---+--+--+--f---t 
.J 

i 

560 
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ADDITIONAL TUBE TYPES 

Supplementing those given on pBges 32 to 136 

The '00-A is d three-electrode detector tube of the g4s-filled type for use in storage­
battery-operdted receivers. As a grid-leak detector, this tube is especially effective on 
weak signals. See RADIO TUBE CHART for operating conditions. 

The 11 and 12 dre detector-amplifier tubes of the three-electrode construction for 
use in older types of dry-cell-operdted receivers. Their electriCdl characteristics are 
identiCdl. The 11, however, fits only the WD socket, while the 12 fits the standard 
four-contact socket. See RADIO TUBE CHART for characteristics. 

The '20 is a three-electrode power amplifier tube intended for use in the last audio 
stdge of dry-bdttery-operated receivers using the 99 and/or 22. See RADIO TUBE 
CHART for characteristics. 

The 40 is a storage-battery tube of the three-electrode high-mu type designed for 
use in resistance- or impedance-coupled dmplifier or detector circuits. See RADIO 
TUBE CHART for characteristics. 

The 874 is a voltage regulator tube designed to maintdin constant d-c output voltage 
from rectifier devices for different values of d-c load current. In such devices the 87 4 
m4intains an approximately constant d-c voltage of 90 volts across its terminals for any 
current from 10 to 50 milliamperes. This tube consists of two electrodes (a cathode and 
dn dnode) in a gas-filled bulb. It requires 125 volts for starting and shows a pronounced 
slow in operation. This type has an 5-17 bulb (see page 151) and d medium 4-pin base. 
Socket connections with reference to Fig. 1 of RADIO TUBE CHART are as follows: 
Pin No. 1 is anode ( + )1 Pin No. 2 is connected within base to Pin No. 41 Pin No. 3 is 
cdthode ( - ), Pin No. 4 is connected to Pin No. 2. 

The 876 is a current reguldtor designed for use in series with the prima_l}' of a power 
transformer to absorb the voltage variations normal to a-c power lines. The operating 
current of this tube is 1. 7 amperes for a voltage range of 40 to 60 volts drop in the tube. 

The 886 is similar to the 876. The operating current of this tube is 2.05 amperes for a 
voltage range of 4Q-6Q volts drop in the tube. 

INDEX OF TYPES BY USE AND BY CATHODE VOLTAGE 

CATHODE POWER 
VOLTAGE AMPLIFIERS CONVERTERS MIXER TUBES 

INCLUDING IN SUPER- DETECTORS IN SUPER, RECTIFIERS 
VOLTS AMPLIFIERS DUPLEX-DIODE TYPES HETEROOYNES HETERODYNES 

1.1 - 11, 12 - 11, 12 - -
1.5 - 26 - - - -
2.0 19, 31, 

33, 49 30, 32, 34 1A6,1C6 30, 32 1A6, 1(6, 34 -
2A3, 2A5, 2A6, 2B7, 24-A, 27, 35, 2A6, 2B7, 2A7, 24-A, 

2.5 45, 46, 47, 55, 56, 57, 58 2A7 24-A, 27, 35, 57, 58 82 
53, 59 55, 56, 57 

3.3 '20 22, 99 - 99 - -
5.0 112-A, 71-A 01-A, 40, 112-A - OO-A,01-A, - 523, 80, 

40, 112-A 83, 83-• 

6A4,6A6, 6B7,6C6, 606, 6f7, 36, 687, 6(6, 6A 7, 6(6, 6D6, 
6.3 38, 41, 42, 37, 39/44, 75, 76, 77, 6A7, 6F7 6F7, 36, 37, 6f7, 36, 1-v, 84 

79, 89 78, 85 75, 76, 77, 39/44, 77, 
85 78 

7.5 10, 50 - - - - '81 

12.6 - - - - - 1223 

25.0 43 - - - -- 2525 

30.0 48 - - - - -
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Radio Tube Testing 
The radio tube user-service man, experimenter, and non-technical radio listener­

is interested in knowing the condition of his tubes, since they govern the performance 
of the device in which they are used. In order to determine the condition of a tube, 
some method of test is necessary. 

Since the operating capabilities and design features of a tube are indicated and 
described by its electrical characteristics, a tube is tested by measurins its characteristics 
and comparing them with representative values established as standard For that type. 
Tubes which read abnormally high with respect to the standard for the type are subject 
to criticism just the same c1s tubes which are too low. 

Certc1in practical limitations are plc1ced on the c1ccurc1cy with which a tube test can 
be correlc1ted with c1ctUc!I tube performc1nce. These limitations mc1ke it unnecessary for 
the service mc1n c1nd dec1ler to employ complex and costly testing equipment hc1ving 
laboratory c1ccuracy. 

Since the accuracy of the tube-testing device need be no greater than the accuracy of 
the correlation between test results c1nd receiver performance, and since certain funda­
mental chc1racteristics are virtualry fixed by the manufc1cturing technique of leading tube 
manufacturers, it is possible to employ a relatively simple test in order to determine the 
serviceability of a tube. 

In view of these factors, dealers ,md service men will find it economically expedient 
to obtain adequate accuracy and simplicity of operation by employing a device which 
indicates the status of a single characteristic. Whether the tube is satisfactory or un­
satisfactory is judged from the test result of this single characteristic. Consequently, 
it is very desirable that the characteristic selected for the test be one which is truly 
representative of the tube's overall condition. 

SHORT CIRCUIT TEST 
The fundamental circuit of a short-circuit tester is shown in Fig. 39. While this circuit 

is suitable for tetrodes and types having less than four electrodes, tubes of more electrodes 
may be tested by adding more indicator lamps to the circuit. Voltages are c1pplied 
between the various electrodes with lamps in series with the electrode leads. Any two 
shorted electrodes complete a circuit and light one or more lamps. Since two electrodes 
may be just touching to give a high-resistance short, it is desirable that the indicating 
lamps operate on very low current. It is also desirable to maintain the filament or heater 
of the tube at its operating temperature during the short-circuit test, because short-circuits 
in a tube may sometimes occur only when the electrodes are heated. 

SELECTION OF A SUIT ABLE CHARACTERISTIC FOR TEST 
Some characteristics of a tube are far more important in determining its operating 

worth than are others. The cost of building a device to measure any one of the more 
important characteristics may be considerably higher than that of a device which measures 
a less representative characteristic. Consequently, three methods of test will be discussed, 
ranging from relatively simple and inexpensive equipment to more elaborate, more 
accurate, and more costly devices. 

An emission test Is perhaps the simplest method of indicating a tube's condition. 
(Refer to DIODES, page 3, for a discussion of electronic emission.) Since emission 
falls off as the tube wears out, low emission is indicative of the end of tube serviceability. 
However, the emission test is subject to limitations because it tests the tube under static 
conditions and does not take into account the actual operation of the tube. On the one 
hand, coated filaments or cathodes, often develop active spots from which the emission 
is so great that the relatively small grid area adjacent to these spots cannot control the 
electron stream. Under these conditions, the total emission may indicate the tube to be 
normal although the tube is unsatisfactory. On the other hand, coated types of filaments 
are capable of such large emission that the tube will often operate satisfactorily after 
the emission has fallen far below the original value, 

Fig. 39 shows the fundamental circuit diagram for an emission test. All of the elec­
trodes of the tube, except the cathode, are connected to the plate. The filament, or heater, 
is operated at rated voltage; a low positive voltage is applied to the plate. After the tube 
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hds re:dche:d constdnt te:mpe:rdture:, the: electronic emission is read on the: meter. Recidin9s 
which dre: well below the: dVe:rdge: ford pdrticuldr tube type: indicdte: thdt the: totdl number 
of dVdildble electrons hds been so reduced thdt the tube: is no longer dble: to function 
properly. 

fig. 39 

OIRE'CT­
CURRENT t 
ME1ER 

Fig, 40 

A mutual conductance test tclke:s into account cl fundamental operating principle: of 
the: tube:. (This will be: se:e:n from the: definition of Mutudl Conductdnce: on Pdge: 7.) It 
follows thdt mutual conductance: tests, whe:n properly mcide:, permit be:tte:r correlation 
be:twe:e:n te:st results and actual pe:rformclnce: than doe:s d straight emission te:st. 

There: are: two forms of mutual conductdnce te:st which can be: utilized in a tube: tester. 
In the: first form (illustrated by Fig. 41, giving cl fundcime:ntcll circuit with a tetrode: under 
test), appropriate: operating voltclge:s are: applied to the electrodes of the: tube. A plate 
current, depending upon the: electrode voltages, will then be lndiCclted by the meter. If 
the: bias on the: grid is then shifted by the: application of cl different grid voltage:, a ne:w 
plate-current reading is obtciined. The difference between the two plate-current readings 
is indicative of the mutual conductance of the tube. This method of mutual conductclnce: 
testing is commonly ccilled the "grid-shift" method, cind de:pe:nds on readings under static 
conditions. The: fact that this form of test is made: under static conditions imposes I imitations 
not encountered in the second form of test mcide under dynamic conditions. 

The dynamic mutual-conductcince: test illustrated in Fig. 42 gives a fundamental circuit 
with cl tetrode: under test. This method is superior to the static mutual-conductclnce test in 
that cl·C voltage: is applied to the grid. Thus, the: tube: is tested under conditions which 

fig. 41 

A-C 
1 MIL~ 

1w,PEI 

,___~_ 1,1,1,1-,.---' 

Fig. 42 

approximate actual operating conditions. The cllte:rnating component of the: plate current 
is re:cld by me:cins of an a-c ammeter of the dyncimome:te:r type:. The mutual conductance: of 
the tube: is equcil to the: a-c plate current divided by the input-signal voltage:. If a one:-volt 
RMS signcil is applied to the grid, the plate-current-meter reading in milliamperes multiplied 
by one thousand is the: value of mutual conductcince in micromhos. 
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The power output test probably give~ the best correlation between test results dnd 
actual operating performance of d tube. In the case of voltage amplifiers, the power 
output is indicdtive of the dmplification and output voltages obtainable from the tube. 
In the case of power output tubes, the performance of the tube is closely checked. 
Consequently, although more complicated to set up, the power output test will give 
closer correldtion with actual performance than any other single test. 

Fig. 43 shows the fundamental circuit of a power output test for Cldss A operdtion 
of tuoes. The diagram illustrates the method for a pentode. The a-c output voltage de­
veloped across the pldte-load impedance (L) is indicated by the current meter. The 
current meter is isoldted as far as the d-c plate current is concerned by the condenser (C). 
The power output Cdn be calculated from the current reading dnd known load resistdnce. 
In this way, it is possible to determine the operating condition of the tube quite accurately. 

Fig. 44 shows the fundamental circuit of a power output test for Class B operation 
of tubes. With a-c voltage applied to the grid of the tube, the current in the plate circuit 
is read on a d-c millidmmeter. The power output of the tube is approximately equal to: 

(D-c current in omperes)• X LOdd resistonce in ohms 
Power Output (wotts) = ----------------

0.405 

Fig. 43 fig. 44 

ESSENTIAL TUBE TESTER REQUIREMENTS 
1. It is desirable thdt the tester provide for a $hort-circuit test to be made prior to 

measurement of the tube's chardcteristics. 
2. It is important that some means of controlling the voltages applied to the electrodes 

of the tube be provided. If the tester is a-c operated, a line-voltage control will permit 
of supplying proper electrode voltages. 

3. It is essential that the rated voltage applied to the filament or heater be maintained 
accurately. 

4. It is suggested that the characteristics test follow one of the methods described. 
The method selected and the quality of the parts used in the tester will depend upon the 
requirements of the user. 

TUBE TESTER LIMITATIONS 

A tube testing device can only indicate the difference between a given tube's char­
acteristics and those which are standard for that particular type. Since the operating 
conditions imposed upon a tube of a given type may vary within wide limits, it is im­
possible for a tube testing device to evaluate tubes in terms of performance cap-,b lities 
for all applications. The tube tester, therefore, cannot be looked upon as a final authority 
in determining whether or not d tube is always satisfactory. Actudl operating test in 
the equipment in which the tube is to be used will give the best possible indication of a 
tube's worth. Nevertheless, the tube tester is a most helpful device for indicating the 
serviceability of a tube. 
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Circuit Section 
The circuit diagrams given on the following pases have been carefully chosen, not 

necesSdrily to illustrate commercial practice, but rather to show many different uses of 
radio tubes. All of the circuits are conservatively designed to give reliable and Sdtis­
factory performance. Although relatively few circuits are given, it is often practical to 
use a portion of one circuit in combination with portions of other circuits to obtain a 
design meeting the desired requirements. Tuned-circuit constants are omitted from the 
receiver diagrams because inductance and condenser values are usually subject to the 
individual requirements of the set builder. In addition, suitable, well-made tuned­
circuit parts can generally be purchased at very reasonable cost. Information on the 
characteristics and the application features of each tube, given under each tube type, 
will prove of assistance in understanding and utilizing the circuits. 

CD 
SUPERHETERODYNE RECEIVER FOR A-C OPERATION 

C •O.I µf R4=25000 OHMS, I WAn 
c,=oscILLATOR PAODINC CONDENS!:A Rs •!lOOOOO-OHM ,.,., VOLUME-CONTROL 
C2=CANCED VARIA8Lt CONDENSER POTtNTIOMtTtR 
C3=0.0004S µf "6•1 t.1ECOHM 
C.,=0.000I J.Jf R7=20D OHMS, S WAns 
C!)=0.01 J.Jf Ra=25000 OHMS, 10 WATTS 
~=I µf, 3!>0 \IOI.TS "9=14000 OHMS, I WATT 
C7=8 µf ELtCTROI.YTIC ,SOO VOLTS L = 8D-8S MILUHENRY R·F CHOKE: 
Cs=8 µf ELECTROI.YTLC, 30 VOL Ts Lo• I000-0HM SPEAKER f"IELD,110 VOLTS 
Cg=0.2S µf L2•20·30HENRY FILTER CHOKE,600 OHMS 
9Cl=0.02 µf To: I7S·KC 1-1' TRANSFORMER 
R = 2!,0000 OHMS, 0.1 WATT T2•PLATt·T0-PUSH-l'ULL·CRID TRANSFORMER 
R1= 300 OHMS,1 WATT T3=0UT>Vr TRANSFORMEJ> F0R.l'USH-f'UU. 2AS'S 
R2=ZOOOO OHMS, 0.f!WATT T4~POWER TRANSf"ORMER 

NO'Tt: AP':l;x~-=o=o!- ~!TA.Gt, e.o WATTS. ,wr CONSTANTS OF' THE THREE R-F TRANSF"OAMERS t,...,. ANO 'c. WIU. 
DEPEND UPON THE fRl:QUENtY RAN~ AND ,tNtRAL LAYOUT Of THE SET, 
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SUPERHETEROOYNE AUTOMOBILE RECEIVER 
WITH DELAYED A.V.C. 

TO HE:AITRS t 
.. 6-VOLT Ot 
STORAGC BATTERY 

C1,C2,C3 = GANGED VARIABLE CONDENSERS 
C4,cstCr1,c22,c21 = o.os JJ.f; 100 v. 
C5,Cg,Ca4,C32 = 0.1 J.J./' 
C5,C7,C10,CJ1,C1e,C1S,C19,C2e,C29=0.1 JJ.f. 250 v. 
C12 = OSCILLATOR TRACKING CONl)£NSER 
C13,C14 = TRIMMER CONOENStRS 
C15=0.00C>25J.J./' 
C20= 0.00045 JJ./' 
c21,c2a=o.ooc,, J.J./' 
Cz3=8JJ.f, 250V. 
C25 = 8JJ.f, LOW VOLTAGE 
C30::: 25 JJ.f ELECTROLYTIC, 25V. 
C31 = 0.02 J.J./', 350 v. 

® 

R1,R4,Rs,R1&= 250000 oa.tS, ').I WATT 
Rz,Rg = 300 OHMS, 0,1 WATT 
R.3,R,o= 40000 01-t.tS, 0.5 W.ATT 
R5;; 200 OHMS, 0,1 WATT 
Re = 25,000 OHMS, 0,1 WATT 
R7 = 50000 Ot-fvlS, 0,5WATT 
Ru= l0000<> OHMS,O.f WATT 
R!Z= 500000-0HM P0TI:NTI01£rER, 

A-F \IOI.WE CONTRC<. 
R13,Rts,R19:: 0,5 MEC,01-N, O.IWATT 
R14,R17: I t£GOHV, 0,1 WATT 

R16: 3500 OHMS, 0,1 V\14.TT 
R20=600 OHvlS, 0,5 WATT 
R21 = 10000 OHMS, I WATT 
4,L.z,L3=60-MILLIHENRY R·f CHOKES 
T1,T2= l~C. 1-F TRANSF"ORMERS 
T3=0UTPUT TRANSFORMER FOR 

A SINGLE 4i 

NON-RADIATING REGENERATIVE SHORT-WAVE RECEIVER• 
2.5 - VOLT A-C TYPES 

ANT~ 

SY~ 

s, 

6e-
C1,~•35)lJJf MIDGET TYPE Rz=10000-0t-lM WIRE-WOJND Rg •15000 OI-IMS,!5WATTS 
C3_•- 4 :::a100).1J.1f MIDGET TYPE POTENTIOMETER R10•SOOOO -OHM POTENTIOMETER, 
C5,C6,C7=0.01 µf MICA TYPE R3,•100000 OHMS,1 WATT REGENERATION CONTROL 
ce-=o.1 µf R.4•75000 Ot-lMS,1 WATT R11 =5000 OHVS ,1 WATT 
c9,c10•0.00025 µf MICA TYPE R5• 2-5 MEGOHMS,O.t WATT ~ •6--MILLIHENRY R-1=' CI-K>KE 
Gt1"'"1 J,1f,200V. P6=250000 OHMS.,1WATT L,2•300-500HENRY A-I=' CHOKE 
c,2=a-2sµf ELECTROLYTIC, 2SV. R7•t MEGOHM,0.1 WATT J •HEADPHONE JACK 
~ ~300 0HMS,1WATT Rs-2500 OHMS,1WATT S1 =-5,P.S.T. SWITCH 

* IF A •s•- BATTERY SUFfLY IS USED ,t,.,STEAO OF A PONER FACK, THE LEFT E~D OF POTENTIOMEiER Rt0 SHOULD BE 
CONNECTED T0+45\10Rt615V• ANO Rg N-0 R11 SHOULD BE OMITTED. A "a"-SUPPLY AS lDN AS 135V,CAN BE 
USED. WITH Mlt-m CIRCUIT CHANGES. 
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© 
BATTERY-OPERATED SUPERHETERODYNE 

2.0-VOLT TYPES 

R2,R10;70000 OHMS,O.l"WATT R22=7000 OHMS,0.1 WATT 

~!·.~:~:1:~~R~~b~A~COHM, ~l=!-~s~~~-~~~~~iii~ 
0.1 WATT T3:f_LASS B INPUT TRANSFORMER 

R5=50000 OHMSrO.I WATT T4=CLASS 8 OUTPUT TRANSFORMER 
R6=20000 OHMS,0.5 WATT .. .. f"OR TYPE 19 
R7, R19=3~000 OHMS,0.5 WATT A ::F"QUR N16 DRY CELLS, 
R15=0.S-MEGOHM POTENTIOMETER, IN SERIES-PARALLEL 

A-f" VOLUME CONTROL. "&'::THREE' tEAVY-OUTY 45-V. B-BA.TTER!E~ 
Rzo=7e,()0 OHMS,0.1 WATT ·t·::.g-v. C-BATTERY 
R,21:;::2000 OHMS,0.1 WATT S1=D.P.S.T. SWITCH 

NOTE: IF A SINGLE 2.0-VOI._ T CELL OF A LEAD STORAGE BATTERY IS USED F"OR THE A:-BATTERY, R23 IS OMtTTED 
SEE DATA UNOCR INSTALLATION ON TYPE 30 FOR AOOITIONAL. INFORMATION ON FILAMENT SUPPLIES. 

® 
BATTERY-OPERATED SHORT-WAVE RECEIVER 

2.0 - VOLT TYPES 

~\~ ,--..--T· 

:J '1-ii--------t-f-lH 

--22.5\£ +67.5V, 

c,,c2 = 100 )J)Jf t,,t0GET TYPE 
C3,C4 = 35 )J)Jf MIDGET TYPE 
C5,Ce,C7,C11 = 0.05 µf 
cs,C10 = o.0002s µ f 
Cg=IJJ.f\ IOOV. 
R1 = 8000 Git.AS. 0.1 WATT 

"I ···---s, --···--:! 
-A -B,+C,+A 

Rz = 50000-0HM POTENTIOMETER, 
R-f' \l'.JLUME CONTROL 

~3 = 2-5 MEGOHMS, 0,1 WATT 
R4 = flLA~NT RHEOSTAT 
Rs·= 50000-01-M POTENTIOMETER, 

REGENERATION CONTROL 
RS:: 250000 OHMS, 0,1 WATT 
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POWER AMl'Llf' IER 
TYPE 33 

-tl35V, 

R7: 500000-a-lM POTENTIOt.£TER 1 
A-F VOLUME CONTRa.. 

L1,L2,L3= 8-MILLll-£1\RY R-f CHOKE 
L4= 300-SOO HENRY CHOKE 
TI = OUTPUT TRANSF'ORMER f'OR 

A SINGLE 33 
51 = D,P,S,T. BATTERY SWITCH 
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® 
A-C AND D-C SUPERHETERODYNE RECEIVER 

c,Y PENTAGRID CONVERTER 
TYPE 6A7 

1-f' AMPLIFIER 
TYPE 78 

DETECTOR 
TYPE n 

POWER AMPLIFIER 
TYPE 43 

NON - RADIATING REGENERATIVE SHORT - WAVE RECEIVER 
6.3-VOLT HEATER TYPES 

~ Ht.lf'ERS t 
-::- 6~- 6-'.-e.av . .::0 
• A.C.OR O.C. 

C a 30 }J.}J.f TRIMMER 
C:t C ().QI - 0.1 J.1.f 
C:,,C4 z 0.00025 Ji f 
C3=I }J.f 

R:,•18000 OHMS,O.t WATT 
R4• 150 OHM.51 0.1 WATT 

Rs• soooo-~iE:tlA!f.~WMtJ~'}~OL 
C&-. O.I J.1.f R5• 2000 OHMS 1 0.1 WATT 
Cf• 8 JJ.-f, 15 V. P7• 50000 OHMS, 1 WATT 
Rm 2-5 t.lEGOHMS R,i,• 20000 OHMS;TAPERED;R-F" VOLUME CONTROL 
R1 - 250 000 OHMS, I WATT L • 10 - 50 MILLIH!NRY R-f" CHOKE 
1'12,.1 MEGOHM r Q.t WATT X -300-500 Hl!NRY A-F CHOKE,2MA, 

+135V. 

NOTE: TYPES 56,57,ANO 58 MAY BE USED IN THIS CIRCUIT IN PL.ACE OF THE 76,6C6,ANO 606 RESPECTIVELY,PROVIOCO 
THEY ARE OPERATED AT THEIR RECOfvlMENOE:0 HEATER, SCREEN, PLATE ANO GRI0 BIAS VOLTAGES, 
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® 
TUNED RADIO - FREQUENCY RECEIVER 

2-VOLT FILAMENT TYPES 

CI • o.t J.!.f, 200 V. 
Cz i::. 0,0002! Jlf 
R 1 • RHEOSTAT 

R 2 - so ooo-~g¥e~f/oU:E\E~oNTROL '(---~. ,x 
L • 150-Mll.LIHENRY 1111:-f CHOKE b ~i-------157.5VOLTS----.. 
X ic [),P,S.T. SWITCH A- A+ B- B+ 

NOTE: !HET~~~1:~fa~~~ l)~~o'6ttoi-f'~~TA8LE TAPS TO GIVE THE VOLTAGES INDICATED, CAN HAVE 

® 
OPTIONAL DETECTOR AND AMPLIFIER FOR ABOVE CIRCUIT 

c1,c2 -1 µ-f. 200v. 
C3 =0,00025 J.l-f 
~ =O.t JH, 300 v. 
Rt =100000 OHMS, t WATT 
Rz =20000 OI-IMS, 1 WATT 
R3 =0.5 MEGOHM 
L1,½? = 60-MIWHENRY R-F OIOKE 
T1 ;: OUTPUT TRANSFORMER 

TO RHE.0- +67.SV. 
STAT 
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TUf\ED R-F RECEIVER WITH AY.C. Ai'-D CLASS AB 45'S-OUTPUT 12WAT1S 

R-F AMPL,FIER 
TYPE 58 

R-F AMPLIFIER 
TYPE 58 

R-F. AMPLIFIEP 
TYPE 58 

DETECTOR, AY.C. 
TYPE 55 

DRIVER 
TYPE 56 

g;cfuct~4;~~D 1\JN1NG CCNlENSERS ~:r:,,~~g~~-/'i WATT R23=~-~ ~~~~Jg 
C11, C21 = 0.0001 )J.f R12= 500000-<lHM POTEN'rlOMETER, L1,t.z.l-3,L4=60-tdll.11£i'f\Y R-f" CHOKES 
Cl8,C20,C22 = 0.05 )J.f A-F VOLLIIAE CONTROL L5=20-30 >£NRY, 465-CHA FILTER 
C19,C24•8).J.f ELECTROLYTIC,25V. R15,Rz1=50000 ~,O.IWATT CHOK£, 120MA. (SEE NOTE) 
C23 =0.03 JJ.f R1a = 50000 OHMS, 0.5 WATT Le:: 30-HENRV, 450-0HM FILTER 
C.2:, = 16 JJ.f ELECTROLYTIC, 450~- R18 = 2700 Ol-tlt45, 0.1 WATT CHOKE, 120 MA. 
C25 = 8 )J.f ELECTROLYTIC, 350 V, R19 = 20000-CHA IAAIABLE RESi51llR, L7 = 30->£t>RY, 200-CHA FILTER 
C27 = 8µf ELECTROLYTIC, 150 V, TONE CONTROL CHOKE~ 3 MA. 
C2s = 0.0005 .JJ.f R20= 150000 CHAS, 0,1 WATT T1 = SPECIAL N'UT TRANSFORMER 
R1,"4,R7,R13,R14= l00000 CHAS,0.1 WATT R22= 25000-CHA, 25-WATT T2 = SPECIAL OUTl'UT TRAN5f"ORMER, 
FQ,R5,Rs:-: 300 Ot-tMS, 0,1 WA.TT BLEEDER, TAPPED 6900 01-tJ,S PLATE-TO-PLATE LOAD 5000 OHMS 
R3,Rs,Rg= 20000 CHAo, 0.S WATT FROM +254V, T3= POWER TRANSf"OR'-ER 
NOIT• A SPEAAER DESIGNED ~ HIGH PON[R ANO HAVING ITS o,,vN O-C FIO D SlPPLY StiOULD BE USED. THE RESISTANCE CF F"ILTER 

C~E L5 MUST U( AS CIVE"4 IN QP<XR TO SIAS "'."~E 45'5 A..>.J.:> -:"HE 55 CURREC7LY, 

@ 
SCREEN GRID A-F AMPLIFIER 

VOLTAGE AMPLIFICAl ION =100* PEAK VOLTAGE OUTPUT = 60-70 V. * 

+275V. 

Ct = 0,1 ).}.f IJYN VOLTAGE C3 - 2 )J.f, 3SO V, 

~
2

: 1~k-OhM POTEN110ME:"Bl,i\,uvhl,~tcoNTROL 

~: ~ OH~~:So.r·~'Z~T 
R4, = 250000 OHMS, 0.1 WATT 
fls z 50000 OHMS,0,1 WATT 
Re ~ ~~~ru'to G~\fkRESISTOR FO~ FOLLOWING 

R7 :.ir 0.5 MEGOHM, 0.1 WATT 
11 = MICROPHONE-TO-GRID TRANSF"ORMEC:t 

• TUBE ONLY; DOES NOT INCLUDE TRANSFORMER GA.N 
*THE l.OW[R VAIJJE WILL HAVE LESS DISTORTION. 
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@ 
AUDIO AMPLIFIER FOR USE ON 115-VOLT D-C LINE 

CLASS A - POWER OUTPUT, 4 WATTS 

C1 = 2 µ.f,LOW VOLTAGE 
C2=0.01µ.f 
C3=8µ.f,LOW VOLTAG!: 
C4=0.03 µ.r 
C5,.C7=-2lJ.f',150\(. 
Cs= 4,JJ.f, 1.50V. 

@ 

R1 = 500000-0HM POTENTIOMETER\ 
A-F VOLUME CONTROL 

R2=8500 OHMS,0.1 WATT 
R3a 100000 OHMS, OJ WATT 
R4= I MEGOHM, O.J WATT 
R.5= 1500 01-MS. 0.1 WATT 
Rs= 125 OHMS, 2 WATTS 
R7= 160 OHMS. 5 WATTS 

TYPE 48 

Ra= 10.5 Ot-MS, 2.5WATTS 
Rg= 7000 Ot-MS, I WATT 
LJ = FILTER CHOKE, IOI-ENRIES AT 125MA.1 

60 OHMS 
L2=- SPEAKER FIELD, 110 VOLTS D.C. 
T1 =- INPUT-TO-GRID TRANSFOR~ 
Tz =- PLATE-10-PUSH-PULL-CR'D TRANSFORMER, 

RATIO PR• TO I:! soc.= 1!1 

T3= OUTPUT TRANSFOR>.£:R FOR 
PUSH- PULL 45•5 

HIGH -GAIN RESISTANCE - COUPLED A- F AMPLIFIER 
OVERALL VOI.J"AGE AMPLIFICATION=2100• PEAK VOLTAGE OUTPUT=?ov.•• 

B­

C1,C2,C5 • 0,25 ).If, LOW VOLTAGE 
<:a,C4 z 0.25 JJ f, 350 V 
Cf,,C7 = 0.0!!> JJf 
Ca = 10 µ.f ELO::::TFO .. YT1C1 3SOV. 
R = B ... EEDER. RESISTORS* 

R1 l0 R.5• 50000 OI-IMS, 1 WATT 
Re - 250000--<HA A-F VOLUME­

CXJNTRllL POTENTo.£TER 
R7 - t MEGOt-lM,0.1 WATT 
Re,Rg • 250000 OHMS, 1 WATT 

B+ 

w,~, '"~• g£W, 

Et·= 

500000 OHMS, 0.1 WATT 
INPUT c.ouPLlNG TRANSFORMER 
OUTPUT TRANSFORMER FOR 
THE TUBE TYPE USED 

~-fi;;Jllf5T~g'l~lOR 
• OF THE 79 TRl()()E UNITS ONLY. • "WITH NEGLIGBLE DISTORTION. 
• ANV l\JBE TYPE REQU~NG 70V. BIAS OR LESS CAN BE DRIVEN 10 FULL OUTPUT (CLASS A). 
• ~~E5f~ ¥~~UE~ERTrt~~?- BIAS SEC TON WILL DEPEND ON THE TOTAL DIRECT CUA.RENT 
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TYPICAL CLASS B AUDIO - FREQUENCY AMPLIFIER 
OUTPUT 20 WATTS 

C1 =- 0.1 JJ.f R2 - 1100 0t-n~s, 2 WATTS La a. 2500-0HM SPEAKER. FIELD, 140 \l. 
'ft :::a INPUT TRANSFORMER C 2 = 10 JJ.~ sov. R 3.R4 - 3500 OHMS 1 1 WATT 

C3,C,4-= 0.06 JJ-f R5 .. 2600 OHMS, 10 WATTS Tz • OUTPUT TRANSFORMER 
C5 -a. t6 J.lf', 500V. L1 - 15 f£NRfES AT 100 MA.;D-C 
C5 - 8 J.l-f1 350 V. RESISTANCE 80 CH.AS OR LESS T3a =._\T1~=~H:~s~OC0 I.OCl"AGE-

Rt =- 2.SO~WA.f!i:!MS, L2 • 1SOO~OHM SPEAKER FIEL.O,,t20 V. 

NOTE; sPEAKERS ESPECIALLY DESIGNED FOR HIGH POWER 
CIRCt.n C01'.STANTS SHOl,l.O Cl.05aY APPROXIMATE 

ARE RB:OMMENOED. 
THOSE -'I/EN ABOVE. 

@ 
PHASE INVERTER AND DRIVER FOR PUSH - PULL 

RESISTANCE - COUPLED OUTPUT TUBES 

A-F 
INPUT 

VOLTAGE AMPUFCATION = 46 • 

+2s2v. 

c, z 4 Jlf, LOW IIOLT>GE 
cz.ca-o., µ_,, 400 v. 
<;., • 0.S }Jf, LOW VOLTAGE 
R1 = 3100 OHMS, 0,1 WATT 
R2,~ = 250000 OHMS, 0.5 WATT 

PEAK VOLTAGE OUTPUT= 70V. • • 
ES<-1 

114 • !500000 OHMS, 0.1 WATT 
RS• 500000-OHM PHASING POTENTIOMETER 
Rs • B1AS RESISTOR FOR PUSH - PULL 

OUTPUT TUBES 
Tt • OUTPUT TRANSFORMER 

! ~~v T'f~J
9
-:-~~LYR~~T,~ ~':i'fkEoR015~J°1

~~ BE ORiVEN TO FULL OUTPUT (CLASS A) 
NOTE: A 53 MAY BF USED IN THIS CIRCUIT IN Pl.XE OF THE 79. IN WHICH CASE THE VOLTAGE 

AMPLIFICATION IS ZI AND THE PEAK IIOLT/IGE OUTPUT IS 81 'JOLTS. 
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@ 
CLASS A AUDIO -FREQUENCY AMPLIFIER 

OUTPUT 12 WATTS 

A-F 
INPUT 

>-..... + ... o, 0 0 0 ,....--1.l'>--t--i;" >- +253 v. 
TO OTHER 
STAGES Of 
RECEIVER 

C1 - 0.1 JJf R1 = 0.5- 1 MEGOHM L1 = FILTER CHO<.E; 12 HENRTES AT 175 MA.,60 OHMS 
c2-. 5JJ.f,25V. R2,=i 2200 0HtJIS.1WATT L2,= FLTERCHOKE;30HENRIESAT 95 MA.,515 Ot-lMS 
C3 = 2 JJf, 3:IQV. R3 = IOO-OHM POTENTIOMETER L3 = sPEAKER FIELD; 2500 OHMS, 125 V, 
C4 = 0.5 J.tf' R4 = 5000 OHMS,! WATT TI= PLATE-TO-PUSH-PULL-GRID INPUT TRANSFORMER 
Cs= 2S.Uf, 75 V. Rs=- 50000 OHMS, I WATT T 2=<)UTPUT TRANSFORMER 
Cez:;;. IOJJf,400V. R6=- M50HMS,15WAT1'S T3= PO'NER TRANSFORMER HAVINGGOOO VOLT>GE-
C7 = S JJf,3:IOV. R7 = 2560 OHMS,to WATTS REGULATION CHARACTERLSTICS 

NOTE. A SPEAKER SPECIALLY DESGEO FOR HGH PONER LS RECOMMENDED. 
ORCV.~ CONS"°'N~S SHOULD CLOSELY Af'PROXIMA~E ~HOSE G.VEN ABOVE. 

@ 
DOUBLE- BUTTON MICROPHONE PRE -AMPLIFIER 

VOLTAGE AMPLIFICATION c 200 • 

C1, C2 • 0.01 )-If, LON 1/0l.TAGE 
C3,~ • 0.1 }.lf, LOW VOLTAGE 
C4,C7 • 2 JJ:f, 3SOV. cs- 0.1 JJ.f, 350 v. 
Ce• IJJf; 300V-
R1 • 200-0HM WIRE-WOUND POTENTIOMETER 
R2 • 250000-QIM IIOI..UME-<.ONTROI.. POTENTIOMETER 
Rs,Re - 2S0000 OHMS, OJ WATT 
R.,,Ri, • 2200 OHMS,OJ WATT 

• TUBES ONLY; DOES NOT INCLUDE 

+27SV, 

R.s,R11 • 50000 OHMS,0.5WATT 
R5,R,Q- IOOOO OHMS,0.1 WATT 
R7 • 0.5 MEGOHM,OJ WA'fT 
Lt, Lz, L3• 6-Ml.LIHENRY R-F CHOKE 
T 1 • MICROPHONE INPUT TRANSFORMER 
Tz - OlJTPlJT COUPLING TRANSFORMER 
JhJz • SINGLE-Q.OSEO-ClRCUIT JACK 
51 • S,P.S, T. SWIT0-t 
A • 6-12 V_ MICRJPHONE BATTERY 
I.I • DOUBLE - BUTTON MICROPHONE 

TRANSFORMER GAIN. 
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!""' '"""" (,ohol 
0 13 -- 180 60--------------

"' SCREEN SUPPLY (Vol ts) - - - - - - - - - - - - -
l,; GRID BIAS (Vol ts) -1.05 -1.06 -1.10 -1.06 -1.06 -1 10 -1.06 -1 10 -1.26 -1.20 -1.30 -1.30 ·1.30 -1.30 -1.35 -1.35 
,. CATHODE RESISTOR (Oh• s) 10600 16400 11650 15000 6200 9160 5860 10000 4900· 7100 5450 9000 3170 5200 3380 5600 
8, PLATE RESlSTOR (llegohm) 0.26 0,60 0.25 0.50 0.26 0.50 0.26 0.50 0.26 0.50 0.26 0,50 0,25 0,50 0.25 0.50 
.,. GRlD RESISTOR" (Megohm) 0.25 0.25 0.60 0,50 0.25 0 26 o,50 0.50 0.26 0.26 0.60 0.60 0.25 0.26 0.50 0.50 0 
a, PLATE CURRENT (Iii l lia• p. ) 0.10 0.07 0.09 0.07 0.17 0.12 0,18 0.11 0.25 0.17 0.24 0,14 0.41 ·0.25 0.40 0.24 

,, 
VOLT OUTPUT'"(Peak Volts) 11-16 10-14 15-19 14-19 17-23 17-21 20-30 18-27 26-33 24-30 32-40 30-38 33-38 28-35 36-46 

m 
35-44 ::ii:, 

VOLTAGE AMPLIFICATION 30 29 36 37 42 38 60 48 48 46 66 56 51 48 69 58 > 

run'"""" "o'"' 
-------..100 13 --180 60 .... 

f;j SCREEN SUPPLY (Vol ts) 20 20 20 20 20 20 20 20 25 26 26 26 50 50 50 50 z 
.,. GRID BIAS (Vol ts) -2.00 -2.50 -2. 16 -2.60 -1.ao -2.26 -1.95 -2.40 -2 10 ·2,60 -2.10 -2.60 -4.5 -s.o -4.5 -5.0 Q 
g: CATHODE RESISTOR (Ohms) 6550 12200 9350 19250 3800 8300 4850 10900 3700 7600 3500 7300 5500 11400 5500 11400 n 
c. PLATE RESISTOR (11egob11l 0.25 0.50 0,26 0.50 0.25 0.50 0.25 0.50 o·.25 0.50 0.25 0.60 0,25 0.60 0,25 0,50 0 
o, GRID RESISTOR" (Megobm 0.25 0.25 0.50 0.50 0.26 0.26 0.60 0.50 0.25 0.25 0.50 0.50 0.25 0.25 0.60 0.60 

~ PLATE CURRENT (Milliamp.) 0,27 0.15 0.23 0.13 0,35 0.20 0.30 0.16 0,43 0.26 0.45 0.26 0,65 0.35 0.65 0.35 
z 

VOLT.OUTPUT'"(Peak Volts) 28-30 25-27 36-38 32-33 38--40 32-35 48-50 42-44 60-63 45-48 65-68 64-66 56-66 55-60 65-70 65•75 >2 
VOLTAGE AMPLIFICATION 36 36 47 46 36 38 J3· 56 60 63 63 70 54 55 66 75 ~::I f"' '"""" "o'"' 

00 3 180 50 ;l!2 
,,, SCREEN SUPPLY (Vol ts) - - - - - - - - - - - - - - - - -en 

- a, GRID BIAS (Volts) -4.75 -3.76 -5,00 -5.50 -6.80 -4.75 -7.00 -7.00 -7.50 -7.00 -7.00 -7.50 -11 -10 -14 -12 :!:I .., 
~ g: CATHODE RESISTOR (Ohll'.s) 16800 25800 21200 46000 21200 24300 22000 42600 16300 28000 14900 31200 17600 28500 25200 38600 §So 
0 c. PLATE RESISTOR ~Me11oh• ) 0,25 0.50 0,25 0.50 0,25 0.60 0.25 0.50 0,25 0.50 0.25 0.50 .0.25 0.60 0.25 0.60 
~ a, GRID RESISTOR" MUobm) 0,25 0.25 0.50 0,60 0.26 0.25 0.60 0.50 0.26 . 0.25 0.50 0.50 0.26 0,25 0,60 0.60 IQ:., 

"' PLATE CURRENT (Milliamp.) 0.28 0.14 0.23 o. 12 0,32 0.19 0.31 0,16 0,46 0,26 0,47 0.24 0.63 0.35 0.55 0,32 ::0:., 
VOLT.OUTPUT'"(Peak Volts) 24-26 17-22 27-:j9 26-27 34-36 27-30 38-42 36-40 38-40 36-38 40-44 40-45 66-60 45-56 65-75 65-70 ~la 
VOLTAGE AMPLIFICATION 6.1 6.0 6,6 6.2 6.1 6.1 6.5 6.3 6,4 6.4 6,7 6.5 6.4 6.3 6.7 6.6 n!!l ff LATE SUPPLY°' (Volts) 00 136 180 50 "'> 

u, SCREEN SUPPLY ~Vol ts) 20 20 20 20 2S 25 25 25 30 30 30 30 52 64 60 62 z 
.:"' GRID BIAS Vol ts) -1.10 -1.25 -1.05 -1.25 -1.20 -1.36 -1.26 -1.40 -1.25 -1.50 -1.30 -1.55 -2 -2.2 -2.1 -2.3 n 
::I CATHODE RESISTOR (Oh• 1) 3760 6460 3400 7250 3100 5600 3750 6300 2180 4560 2600 4860 3100 6700 3500 6200 m 

• [u" """"' ""o'"I 
0.25 0.50 0.25 0.60 0.25 0,60 0.26 0,50 0.25 0,60 0,26 0,50 0,26 0,50 0,25 0.60 h 

&_ GRID RESISTOR" (Megohm 0,26 0.26 0.50 0.50 0,25 0.25 0.50 0.50 0.26 0.25 0,50 0.60 0.25 0,25 0.60 0.50 0 
PLATE CURRENT (Milliamp.) 0.22 0.14 0.23 0,13 0,29 0,18 0,25 0.17 0.43 0,26 0,38 0.24 0.52 0.31 0.48 0,30 C: 

~ VOLT.OUTPUT"(Peak Volts) 15-23 17-22 16-29 18-28 21-32 27-31 29-37 34-38 31-43 36-41 36-52 46-62 50-60 50-55 60-70 60-70 ,, 
VOLTAGE AMPLIFICATION 40 39 54 63 54 52 61 62 76 66 92 93 80 76 100 110 r-

m 
""Voltage at plate will be PLATE SUPPLY voltatte minus voltafe drop in plate resistor caused by plate cur.rent, 0 

• For the followinl! aaplifier tube. The tabulated values illustrate desittn practice. For any particular set of conditions, however, tho frid > 
resistor for the following a• plifier tube should conform to the recommendations given on the DATA page of the type involved. 

I ..., 
••oeveloped across plate resistor of inter-stage couplinl{ circuit including grid resistor of following tube. Value to left is • axh1:ua undis-

torted output voltage obta.inable: va.lue to right is maximum output volt&fe obtainable with so• e distortion. 

Note: In the a.hove data, the use of a couplintt condenser between. the plate resistor and the grid resistor of the follow-
inl! tube is assuaed. A 0.1 microfarad condenser is usually adequate to insure good, low-freQuency response. 



Outline Dimensions of RCA Cunningham Radiotrons 
This chart of tube dimensions is to be used in conjunction with the text. The bulb 

reference number for each tube is given under its CHARACTERISTICS. 

The prefix letters of the bulb designation indicote the bulb shope, os S for "stroight side," T for "tubulor," 
ST for• cotnbinotlon ol tubul•r ond stroigl,t side, or "dome type," The suffix numbers of the bulb designotions 
indic•te the no,ainol ino•imu11 diometerol the bulb In eighths of inches, i.e., the diometerol the S-12 is 12 eighths, 
or 1 y;", 
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INDEX 
P•ge 

Amplific•tion f•ctor, . . . . . . . . . . . . . . . . . . . . . . 7 
Amplifier: 

•udio-frequency ..................... 10, 12 
Cl•ss A ......................... 9, 10, 12 
Cl•ss AB ............................ 9, 15 
Closs 8 .............................. 9, 16 
Cl•ssBC. ............................ 9 c, ... c. ............................. 9 
Pdr•llel .............................. 12 
push-pull ............................. 12 
r•dio-frequency. .. .. . . .. . . . . . . . • • . . . . . . 9 
resist•nce-coupled •-f conditions ......... 150 
super-control..... . . . . .. .. . .. . . . . . . . . . . 11 

Anode .................................. 3 
Anode-Grid. . . . . . . . . . .. . . . . . . . . . . . . . . . . 23 
Arc-B•ck Limit.. . . . . . . . . . . .. .. .. .. . . .. . . . 8 
Automatic Noise Suopression. . . . . . . . . . . . . . . 20 
Autom•lic Volume Control (A.V.C.) ... ,,,. 20 
Bi•s: 

battery ............................... 26 
diode ................................ 19 
self .................................. 26 

Bulb Dimensions Ch•rt ..................... 151 
C.lcul•tion: 

of •mplific•tion f•ctor... . . . . . .. . . . . . . . . . 7 
.. fil•ment resistor power dissil)dtion ...... 24 
" fil•ment (or he•ter) resistor v•lue ..... 24, 25 

h•rmonic distortion, 2nd. . • . . . . . . . . . . . 13 
.. lo•d resistance .................... 13, 14 
" mutu•I conduct•nce. .. .. .. .. .. . . .. . . . 7 
.. oper•ting Conditions from Convers,on 
.. Curves .......................... 15 

plate res1stdnce...................... 7 
" power output (Cl•ss A pentode).... . . . 14 
.. power output (push-pull triodes, Class A) 14 
" power output (single triode, Cl•ss A) .. 12 
" self-bi•• resistor. . .. .. .. . . • . . . .. . . . . . 26 
•· volt•ge •mpliftc•tlon (94in)... . . . . . . . . . 10 

C•rrier W•ve ............................ 18 
C•thode: 

coating ............................... 1 
connection..... . . . . . . . . . . . . . . . . . . . . . . . 25 
current........................ . . . . . . . 26 
directly-he•ted. . • • . . . • . . . . . .. .. . . . . . . . 1 
indirectly-he•ted.... .. .. . . .. . . . . . . . . . . . 1 
resistor... .. .. .. .. .. . .. .. .. .. .. . . . . .. . 26 

Ctnter-Top Resistor ....................... 26 
Charocteristics: 

•mplific•tion f•ctor. . . . . . . • • . . . • . . . . . . . . 7 
chart ...................... see folded insert 
conversion transconductance. . • • . • . . . . . . . 8 
dynamic.............................. 7 
grld-Pl•te tronsconduct•nce... • . . • • • • . . . • 7 
mutuol conduet11nce. • . . • .. .. .. . . . . . . . • . 7 
pl•te resistance. . . . . . . . . . . . . . . .. . . . . • . . 7 
st•tic........ .... • • . ..... . . .. . . . . . . . . . 7 

Choke .................................. 28 
Choke-Input Filter. . . . . . . • . . . . . . . . . . . . . . . . 28 
Circuit Diogr•m: 

D. A. V. C. ond N. $. C ................ 21 
duplex-diode Pentode.. . . • .. . . . . . . . . . .. 45 
duplex-diode triode .................... 131 
emission test .......................... 138 
full-w•ve rectifier ................... 18, 123 
h•lf-wave rectifier.... • .. . . . . . . . . . . . . . . . 18 
high-g•in •-f •mplifier .............. 146, 147 
microphone pre-•mplifier ••............•. 149 
Rlutu•I conduct•nce test ................. 139 
oscill•tor. .. . . . .. .. . .. .. . .. . . . . .. . .. .. 22 
pentasrld converter .•.••..•.•........ 33, 50 
ph.,se inverter ......................... 148 
power •mpliRer ..•..•••...... 147, 148,149 
power output test ...................... 140 
short-circuit test ....................... 138 
short-w•ve receiver .....••.... 142, 143, 144 
superheterodyne receiver •• 141, 142,143,144 
tuned r-f receiver .................. 145, 146 
volt•ge-doubler rectifier ................. 18 

Condenser-Input Filter.. . . .. • . .. .. .. . .. • • • . 28 
Conversion Curve, Use of.. • . • • • • . • • . . • . . • • 15 
Conversion Transconduct«11nce.... . . . . . . . . . • • 8 
Cross-Modul•llon ......................... 11 

P•ge 
Current: 

c•thode. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
grid ................................. 16 
pe•k plote. . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Cut~~U~.'.'::::::::::::::::::.:::::::::::: 1 
Del•yed Automotic Vol. Comrol (D. A. V. C) 20 
Demodulotion. . . . . . . . . . . . . . . . . . . 18 
Detection: 

diode ............................. 19, 21 
grid-bi•s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
grid le•k •nd condenser ....... , . , . . . . . . . 20 

Diode: 

~~"::!'l;r~ii·~~;.-. ·. ·. ·. ·. ·. ·. ·. ·. ·. · ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·.1.~· 
2i 

detection ............. , ....... , , .... 19, 21 
load resistor ........................ 19, 21 

Driver Tube .............................. 16 
Duplex Diode: 

pentode .............................. 6 
triode ............ ,............ 6 

Dyn•mic Chor•cteristics. . . . . . . . . . . . . 7 

Electron: 
considerations.. . . . . . . . . . . . . . . . . . . . . . . . 1 
second•ry. . . • . . . . . . . . . . . . . . . . . . . . . . . . 5 

Emission: 
curre:nt............................... 3 
secondary. . . .. . .. . . . • .. . . . . . . . . . . . . . . 5 
test .................................. 138 

Feed-Back ............................... 22 
Fil•ment (see He•ter •nd C•thode): 

operation .. , .............. . 
resistor, p0wer dissipation of -
re:s!stor, valu~ of . .......... . 
ser1e:s operation . ... , .... - . 

.......... 24 

.......... 24 
. .. 24, 25 

supply voltose ........................ • 
25 
24 

Filter: 
choke-input ............... . 
condenser-input . ........ - - -
r«11dio-freque:ncy . ... _ ...... . 
resistor ...... , .. _ ........ . 

Formul•s (see C•lcul•tion) 
Freque:ncy Conve:rsion . ........ . 

28 
28 
27 
28 

22 

G.in .................................... 10 
Grid: 

•node..... . . . . . . . . . . . . . . . . . 23 
bi••·................................ 4 
bi•s detection.............. 19 
circuit- ....... , ... _ .... ,.............. 4 
considerations. . . . . . . . . . . . . . . . . . . . . . . . . 4 
current ............................... 16 
input imced•nce. . . . . . . . . . . . . . . . . . . . . . . 11 
le•k •nd condenser detection. . . . . . . . . . . . 20 
resistor ............................ 11, 20 
volt•se supply ......................... 26 

Grid-Pl•te C•Pdclty. . . . . . .. .. .. .. . . • . . . . . . 5 
Grid-Pl•te Tr•nsconductdnce... . . . . . . . . . . 7 

Harmonic Distortion: 
concell•tion of 2nd .................. 12, 16 
determin•tion of. . .. . . .. . . . . . . . . . . . . 13 

He•ter: 
cathode. .. .. .. .. • .. .. . .. . . . . . . . . . . . . . 1 
c•thode bios ..........•............... 25 
cothode connection. . • • .. • .. .. .. . . .. . . . 25 
par•llel oper•tion ................... 24, 25 
resistor power dissipation ••........... 24, 2S 
resistor v•lue determinotion ............ 24, 25 
series operotion. • . . . . .. .. • .. . . . . . . . . . . 25 
shunt resistor ..........••.•............ 25 
supply volt•se.... .. .. .. .. • . . . . . . . . . . . • 24 

lnterelectrode C.p0city ...•• , • . . . . . . . . . . . . . 5 
Input Circuit............................. 4 
Input Filter-Choke ........................ 28 
Input filter-Condenser.. . . . . • . . . . . . . . . . . . . . 28 
lnst•nt•neous P .. k Volto9e ....•.•.....•.... 28 
lnterm~di•te Frequency, production of....... . 23 
lon1zat1on . ..... , , •......• , ...... _ ... , . . . 4 

Load: 
imped•nce.. . .. . • . .. . .. . . . . . . . . . . . . . . . 11 
line .................................. 13 
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INDEX (Continued) 
Pa!!C 

Mucury-Vapor Rectifier................... 4 
Mho •••.•........•.....................• 8 
Mlcromho .............................. 8 
Mixer Tube.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
Modulation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
Modulotion Distortion . . . . . . . . . . . . . . . . . . . . . 11 
Multi-Electrode Tubes. . . . . . . . . . . . . . . . . . . . . 6 
Multi-Unit Tuba......................... 6 
Mutual Conductance: 

definition of. • • • . . . . . . . . . . . . . . . . . . . . . . . 7 
dynamic test for ........................ 139 
!!rid-shift test for .••.................... 139 

Noise-Suppression-Control Tube (N. S. C.) ... 20 

Oscillator. . . . . . . . . . . . . . . . . . . . . . . 22 
Output 

circuit................................ 4 
coup I ing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
pf ate load .......................... 10, 13 
power ............................... 12 

Parallel Operation of Tubes. . . . . . . . 12 
Peok Inverse Voltage.............. 8 
Peak Plate Current. . . . . . . . . . . . . . . . 8 
Pentagrid Converter. . • . . . • . . . . . . . . 6 
Pentode Considerations. . . . . . . . . . . . 5 
Plate: 

circuit................................ 4 
current............................... 3 
load .............................. . 10, 12 
plate-to-plate load resistance (triodes) ..... 14 
resistance. . .. . . . . .. .. .. . . . . . . . . . . . . . . . 7 
volta.se supply. . . . . . . . . . . . . . . . . . . . . . . . . 25 

Power Output: 
calculation of .............. ......... 13, 14 
Closs A test for ........................ 140 
C1- B test for ......................... 140 

Push-Pull Operation of Tubes. . . . . . . . . . . . . . . 12 

OTube ................................. 20 

Radio-frequency: 

ii~~'.~:::::.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.:·.·.·.·.·.·.~· i~ 
R«tlRer: 

t~/i.~~:~·:::::::: :: : : :: : : : : : : : : : : :: J- H 
voltage-doubler ..•..................•. .' 17 

Resistance Coupling ..................... 10, 11 
Resbtor: 

cathode .............................. 26 
center-tap . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

m~:~:.-.-.-.-.-.-.-.-.-.- ·. ·. ·:. ·.-.-.-. ·. ·. ·:. ·. ·. ·:. ·.~~- ~ 
grid ••.••••..••.•.................... 11 
plate load......... . .... 10, 13, 14 
screen..................... 27 
self-biasing. . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

S.turation Current. . . . . . . . . . . . . . . . . . . . . . . . 3 
Screen: 

considerations. . . . . . . . . . . . . . . . . . . . . . . . . 5 

Sec~~~~:/~:::::::::::::::::::::::: 2~ 
Self-Bias.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
Shielding .....•....•..................... 27 
Short-Circuit Test. ........................ 138 
Space Charge. . • . . . • . . . . . . . . . . . . . . . . . . . . • 3 
Squelch Tube . . • . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Static Characteristics.. . . . . . . . . . . . . . . . . . . . . . 7 
Super-Control Tube. • . . . . . . . . . . . . . . . . . . . . . 11 
Suppressor. . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Testing Radio Tubes ....................... 138 
Tetrode Considerations. . . . . . . . . . . . . . . . . . . . 5 
Transconductance: 

conversion... . . . . . . . . . . . . . . . . . . . . . . . . . 8 
gridCclate... .• . . . . . . . . . .. . . . . . . . . . . . . . 7 f~~,' onsideratlons. • . . . . • • . . . . . . . . . . . . . 4 

index by use and by cathode voltage ...... 137 
testing •••••••.•...••..•.............. 138 
types ...•......................... 32-136 

1A6 .•............................ 32 
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Poge 
1C6 .............................. 34 
2A3 .............................. 36 
2A5 .............................. 38 
2A6................. 40 
2A7 .............................. 41 
2B7 .............................. 43 
523 .............................. 46 
6A4 .•............................ 47 
6A6 .............................. 48 
6A7 .............................. 49 
687 .............................. 51 
6C6 .............................. 52 
61)6 ••••.•.•..•••..••..•••••••••• 55 
6f7 ............................... 57 
1223 ........................... 59 
2525 ................. ············ 60 ·oo A ............................. 137 
01-A ............................. 62 
1-v ............................... 63 
10 ......... ···•· .... ··••········· 64 
11 ............................... 137 
12........... . . . . . . . . . .. ......... 137 
19 ............................... 65 
'20 ............................... 137 
22 ............................... 67 
24-A ............................. 68 
26 ... ······· ·······••· ........... 69 
27 ... ······· ··•··• .............. 70 
30 ............................... 71 
31 ............................... 73 
32 ................... ··········· 74 
33 ... ····· ...................... 76 
34 ............................... 77 
35 .................. ············· 79 
36 ............................... 81 
37 .... ··•··········· ............. 83 
38 .....•.......................•• 84 
39/44 ............................ 85 
'40 ............................... 137 
41 ............................... 87 
42 ............................... 89 
43 ............................... 90 
45 ............................... 92 
46 ............................... 94 
47 .............................. 97 
48 ..... ·• .................... 99 
49 ....... ....................... 101 
50 .............................. 103 
53 ..............................• 104 
55 ............................... 106 
56............. . ............... 108 
57 ............................. 109 
58 ............................... 110 
59 ............................... 111 
71-A ............................. 114 
75 ............................... 115 
76. .. .. ....... .. .. ........... 116 
77..... ... ··•·· ......... 117 
78.............. . ............ 119 
79..... . . . .. .. . .. ........ 120 
80 ............................... 122 
·01.. ... ········ ·•···· .......... 124 
82 ............................... 125 
83 .. ············ ...... ········· .. 127 
83-v .............................. 128 
84 ............................... 129 
85 ............................... 130 
89 ............................... 132 
V99 .............................. 135 
X99 ...........................••. 135 
112-A ............................ 136 
874 .............................. 137 
876 .............................. 137 
886 .............................. 137 

Voltage: 
ompl,fication .......................... 10 
doubler rectifier. . . . . . . . . . . . . . . . . . . . . . . 17 
peak inverse. . . . . . . . . . . . . . . . . . . . . . . . . 8 

Voltage Conversion Factor. . . . . . . . . . . . . . . . . 15 

Volume Control: 
autotlatk: .....•.......•..........•• . ro. £1 
by grid-voltage vorlation .............. 21, 26 
by screen-voltage voriollon. • • . . • • • • • • • . • 27 



READING LIST 

The following list of radio references gives texts of both elementary 
and advanced character. Obviously, the list is not inclusive, but it will 
guide the reader to other references. 

CHAFFEE, E. L. Theory of Thermionic Vacuum Tubes. McGraw-Hill 
Book Co., Inc. 

DUNCAN AND DREw. Radio Telegraphy and Telephony. John Wiley and 
Sons, Inc. 

HENNEY, KEITH. Principles of Radio. John Wiley and Sons, Inc. 

HENNEY, KEITH. Radio Engineering Handbook. McGraw-Hill Book Co., 
Inc. 

LAUER AND BROWN. Radio Engineering Principles. McGraw-Hill Book 
Co., Inc. 

MclLWAIN AND BRAINERD. High-Frequency Alternating Currents. John 
Wiley and Sons, Inc. 

MoRECROFT, J. H. Electron Tubes and Their Applications. John Wiley 
and Sons, Inc. 

MoRECROFT, J. H. Principles of Radio Communication. John Wiley and 
Sons, Inc. 

Mom AND WOSTREL. Radio Handbook. McGraw-Hill Book Co., Inc. 

MOYER AND WoSTREL. Radio Receiving Tubes. McGraw-Hill Book Co., 
Inc. 

PETERS, LEo J. Thermionic Vacuum Tube Circuits. McGraw-Hill Book 
Co., Inc. 

Proceedings of The Institute of Radio Engineers (a monthly publication.) 

TERMAN, FREDERICK E. Radio Engineering. McGraw-Hill Book Co., Inc. 

The Radio Amateur's Handbook. American Radio Relay League. 

UNDERHILL, C. R. Electrons at Work. McGraw-Hill Book Co., Inc. 

VAN DER B1..t., H. J. Thermionic Vacuum Tubes. McGraw-Hill Book 
Co., Inc. 

ZWORYKIN AND W1LSON. Photocells and Their Application. John Wiley 
and Sons, Inc. 
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