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FORE\VORD 

The P,CA RAolOTRON MANUAL l1as been prepared 
especially to supply tecl1nical in forn1atio11 regardir1g 
the characteristics and operation of RCA Radiotrons 
to those \,Vho work or experirnent with radio tubes and 

. . 
crrcurts. 

Careful consideration has bee11 give11 to the selection 
of material v:,rhicl1 presents general and specific tube 
information in tl1e most useful arid helpful form. 

Tt1be types have been arra11gecl in 11umerical sequence 
on the basis of the last two digits of model 11umber 
desig11ations. Tl1is is in accordar1ce with our prograrn 
of generally utilizi11g a two digit system for ider1tifying 
tubes as evidenced by the new type nurnbers, i.e., 
46, 56, 57, .58, a11d 82. Eve11tually, the t\vo digit 
systern will be extended to practically all of the older 
rnodels by dropping the first digit of the present three 
digit designations. 

This Manual will be f our1d valuable by radio service 
n1en, radio technicia11s, experi1ne11ters, radio amateurs, 
and those who have an interest i11 the technical aspects 
of radio tubes. 

Co1nn1ercial Engineering Section 

l:ZCA RADIOTRON CO., INC. 

Harrison, New Jersey 
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The 

RCA Radiotron 
MANUAL 

Electrons and Electrodes 
The radio tube is a marvelous device. Although it appears to be a fragile affair 

constructed of metal and glass, in reality it is a rugged instru1nent that ,nakes pos, 
sible the performing of operations, amazing in conception, \Vith a precision and 
a certainty that is astounding. It is an exceedingly sensitive and accurate instru, 
ment- the product of coordinated efforts of engineers and craftsmen. Its con, 
struction requires materials from every corner of the earth. Its use is world-wide. 
Its future possibilities, even in the light of present day accomplish,nents, are b ut 
din,ly fo reseen, for each development opens ne,v fields of design and application. 

The radio tube consists of a cathode and one or more additional electrodes
all enclosed in an evacuated glass bulb-\vith their electrical connections brought 
to exterior terminals. The cathode supplies electrons while the other electrodes 
control and collect the,n. 

The importance of the radio tube lies in its ability to control almost instantly 
the flight of the ,nillions of electrons supplied by the cathode. It accomplishes 
this with a 1ninimum of control energy. Because it is alinost instantaneous in its 
action, the radio t ube can operate elliciently and accurately at electrical frequencies 
much higher t han possible \vith rotating machines. 

r\ 11 ,natter exists in th? solid, liquid, or gaseous state. These three fo rms of 
rnatter consist entirely of 1ninute divisions known as 1nolecules. lv1olecules are 
assumed to be composed of ato,ns. According to a present accepted theory, atoms 
have a nucleus \vhich is a po~itive charge of electricity. Around this nucleus 
revolve tiny charges of negative electricity known as "electrons." Scientists have 
estimated that these invisible bits of electricity weigh only 1/ 46 billion, billion, 
billion , billionths of an ounce since they may travel at speeds of thousands of miles 
per second. 

Electron 1novement may be accelerated by the addition of energy. Heat is one 
forin of energy which can be conveniently used to speed up the electron. For 
exa,nple, if the te,nperature of a metal is gradually raised, the electrons gain vel, 
ocity. \Vhen the ,netal becomes hot enough to glow, son1e electrons may acquire 
sufficient speed to break away from their nuclei. This action is utilized in the 
radio tube to produce the necessary electron supply. 

CATHODES 
A cathode is an essential part of a radio tube since it supplies the electrons 

necessary for tube operation . In general , heat is the form of energy applied to 
the cathode to release the electrons. T he method of heating t he active material 
of the cathode may be used to distinguish between the di fferent forms of cathodes. 
For example, a directly-heated cathode, or filan1ent-cathode, is a \Vire heated by 
the passage of an electric current. An indire.ct]y,heated cathode, or heater-cathode, 
consists of a filament, or heater, enclosed in a metal sleeve. The sleeve carries the 
active 1naterial on its outside surface and is heated by radiation and conduction 
from the heater. 

A fila1nent,, or directly-heated cathode, may be further classified by identifying 
the filamen t or electron emitting n1aterial. The materials in regular use are, tung, 
sten, thoriated-tungsten, and metals ,vhich have been coated with alkaline earth 
oxides. Tungsten filaments are 1nade fro,n pure 1netal. Since they ,nust operate 
at high temperatures (a dazzling \vhite) to ernit sufficient electrons, a relatively 
large amount of filamen t po,ver is required. 1·horiated,tungsten filarnents are 
drawn from tungsten slugs which have been impregnated \Vith thoria. Due to 
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THE RCA RADIOTRON MANUAL 

the thoriu1n, these filaments liberate electrons at a n1orc moderate temperatu re (a 
bright ye llow) and are, therefore, much 1nore econoinical of fila1nent po,ver than 
are pure t ungsten filaments . A lkaline earths are usually applied by coating a 
nickel alloy wire or ribbon with a mixture contain ing the materials. This coating, 
which is dried into a substantial layer on the fila1nent, requires only a very low 
te1nperature (a dull red) to _produce a copious supply of electrons. Coated fila-
1nents operate very efficiently and require relatively little lih1ment poVJer. Hovc
ever, each of these cathode materials has special advantages which determine the 
choice for a particular appl icatiou. Tn general, t ubes ,nade \Vith filament-cathodes 
or heater-cathodes and designed for use in radio receivers, utilize the coated 
construction. 

\ 

..-SUPPORT 
WIRE 

DIRECTLY HEATED CATHODES 
(FILAMEN T TYPE) 

. CATHODE . CAT HO DE 

IN SULATED INSULATED 
HEATER HEATER 

i 

INDIRECTLY HEATED CATHODES 
(HEATER T YPE) 

Filament-cathode types of tubes are particularly well sui ted ior operation fron1 
a steady source of filament supply voltage such as a battery. Tubes for this ser
vice can be designed \Vith cathodes which give econom ical production of electrons 
and, consequently, econom.ical set operation. T ubes constructed pri,narily for 
economical battery operation arc not very satisfactory for use \vith alternating 
current filame nt supply, due to the variation in electron cn1ission and potential 
in the space charge region which occurs \vith each alternat.ion of the current. T his 
variation is a,nplificd by the tube and produces hu n1 in the loudspeaker. \Vhen 
fila1nent,cathode types of tubes are to be used on a-c filament supply, special pre, 
cautions are taken in the design to reduce ln11n disturbances to a point ,vhere the 
!nun \viii not be troublesome. The.se p recautions include such features as the 
utilization of 1nassive filaments \vhich minimize temperature fluctu ations, the use 
of filaments which have sufficient excess electron e1nission so that a very large 
temperature change is required to reduce t he emission belo\v the value needed for 
norm.al tube operation, and the proport ioning of tube parts to mini,nize the elec
trostatic and n1agnetic effects produced by a.c. on the fila1nent. The '26 is an 
example of a filament-cathode type of tube part icularly useful for operation on a.c. 

H eater,, or indirectly-heated c;1thodes, co1nprise an assernbly of a thin metal 
sleeve coated ,vith active ,naterial and a heater contained within and separated 
from the sleeve. The heater is 1nadc of tungsten \Vire and is used only for the 
p urpose of heating t he sleeve and its coating to an electron-emitting te1nperature. 
The tungsten \Vire is operated at a 1noderate tcn1perature and supplies the energy 
for heating the sleeve. 

The heater,cathode construction is well adapted for use in rad io tubes intended 
for operation from a,c power lines. T he use of separate parts for emitter and 
heater functions, the electrical insulation of the heater fro1n. the emitter, and the 
shielding effect of the sleeve 1nay all be utilized in the design of the tube to pre, 
vent the a-c heater supply from causing bum . Rep,resentative types arc the '24-A, 
'27, and '3 5. From the viewpoint of circuit design, the heater-cathode construction 
offers advantages in connection flexibility due to the electrical separation of the 
heater fro1n the sleeve and active cathode surface. T his feature, in conjunc tion 
with t he freedom fro ,n electrical disturbances ,vhich might be introduced through 
the filament supply lines, has led also to the use of this const ruction in a ser ies 
of tubes ('36,'39) designed p,1rticularly for auto1nobile or d-c line radio sets. 
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DIODES 

Electrons are of no value in a radio tube unless t hey can be 
put to work. A radio tube is designed with the necessary parts 
to utilize the electron f!o\v. T hese parts consist of a cathode 
and one or more supplementary electrodes. The si1nplest for m 
of radio tube contains two electrodes, a "cathode" and a "plate" 
and is often called a "diode," the family name for t,vo,electrode 
tubes. 

F' ILAMEN "r PLAlE 

The electrodes are enclosed in a bulb with t he necessary connections brought 
out th rough air-tight seals. The air is removed from the bulb to allow free move, 
1nent fo r the electrons and to prevent in jury to the e1nitting surfaces. \Vhen the 
cathode is heated, electrons leave the cathode surface and fonn an invisible cloud 
in the space around it. Any positive electric potential ,vithin t he evacuated bulb 
will offer a strong attraction to the electrons ( unlike electric charges attract; like 
charges repel). In a diode, the positive potential is applied to the second elec, 
trode, kno,vn as the anode. The potential is supplied by a suitable electrical 
source connected between the plate terminal and a cathode terminal. Under the 
influence of the positive plate potential, electrons flo,v from the cathode to the 
plate and return through the external plate battery circuit to the cathode, thus 
completing the circuit. This Oo,v of electrons is knO\Vn as the plate current and 
1nay be 1neasured by a sensitive current meter. 

If a negative potential is supplied to the plate, the free electrons in the space 
surrounding the cathode will be forced back to the cathode, and no plate current 
will flow. Thus, the tube permits electrons to 
flow fro1n the cathode to the plate but not from 
the plate to the cathode. If an alternating 
voltage is applied to the plate, the plate is 
alternatingly 1nade positive and negative. Plate 
current flo\VS only during the time \vhen the 
plate is posi tive. T his pheno1nenon makes the 
tube useful as a rectifier of alternating current, 
that is, to provide a cur rent flo\v always in the 
same direction. Rectifying action is utilized in 
a-c receivers to convert a.c. to d.c. for supplying 
"B," "C'' and screen voltages to the other tubes 
in the receiver circuit. Recti fier tubes may have 
one plate and one cathode. T he '81 is of this 
form and is called a half-wave rectifier, since 
current can flow only during 0111:,half of the 
alternating-current cycle. When tv.'o plates and 
one or more cathodes are used in the same 
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FULL-WAVE RECTIFICATION 

tube, current 1nay be obtained on both halves of the a,c cycle. T he '80 is an 
exa1n ple of this type and is called a full-wave rectifier. 

Not all of the electrons emitted by the cathode reach the plate. Some return 
to the cathode while others remain in the space between the cathode and plate for 
a brief period to form an effect known as space-charge. This charge has a repell, 
ing action on other electrons which leave the cathode surface, and impedes their 
passage to the plate. The extent of this action and the amount of space-charge 
is greatly dependent upon the cathode tein perature and the plate potential. The 
higher the plate potential, the less is the tendency fo r the space electrons remain, 
ing to repel others. This effect rnay be noted by applying increasingly higher 
plate voltages to a tube operating at a fixed cathode voltage. Under these con
ditions, t he maxi1num number of available electrons is fixed , but increasingly 
higher plate voltages will succeed in attracting a greater proportion of the free 
electrons. 

Beyond a certain plate voltage, ho\vever, additional plate voltage has little effect 
in increasing the plate current because all of the electrons einitted by the cathode 
are being drawn to the plate. This maximum current is called saturation current, 
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and because it 1s an indication of the total number of electrons emitted, it is also 
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known as the enussion current, or, simply, emission. In 
most types of tubes, it is impossible to obtain this value by 
rneasurement, since the current flo\v is sufficiently large to 
change the en1itting conditions, or, to damage the tube. 
i\s a result, e1nission values in prac-tice are determined at 
some lower voltage which will not harin the tube. Different 
results will be obtained if a different cathode voltage or 
temperature is chosen, since the cathode temperature de, 

PLATE VOLTAGE- termines the number of available electrons. 
If space,charge effects \Vere not present, it follo\vs that the same electron flo\v 

could be produced at a lower plate voltage. One 1nethod of reducing the space, 
charge effect is utili~ed in several types of rectifier tubes, represented by the mer, 
cury,vapor rectifier 82. This tube contains a s1nall a1nount of rnercury ,vhich is 
partially vaporized when the tube is operated. 'fhe mercury vapor consists of 
tiny mercury atoms permeating the space inside the bulb. These atoms are born, 
barded by the electrons on their way to the plate. If the electrons are moving at 
a sufficiently high speed, the collisions \vill tear off electrons from the mercury 
atoms. When this happens, the mercury atom is said to be "ionized," that is, 
it has lost one or more electrons and, therefore, is charged positive. When ioniz, 
ation due to bombardment of mercury ato1ns by electrons leaving the filament 
occurs, the space-charge is neutra lized by the positive mercury ions so that in, 
creased nurnbers of electrons are made available. A mercury-vapor rectifier has a 
srnall voltage drop between cathode and plate ( about 15 volts). T his drop is 
practically independent of current requirements up to the limit of emission of 
electrons f.roro the fil ament but is dependent to some degree on bulb temperature. 

TRIODES 
\1/hen a third electrode, called the grid, is placed next to the cathode, the tube 

is known as a "triode." This is the family name for three-electrode types. T he 
grid usually consists of a \Vire mesh or grating, the appearance of which suggests 
its narne. Its construction allows practically unobstructed fl ight of the electrons 
frorn the cathode to the plate. 

~ 'Jlhen the grid of a tube is made positive or negative 
§§ with respect to the cathode, the plate current correspond, 
~ ingly increases or decreases. The grid is located much 
§:§ nearer the cathode tha,1 the plate so that a small voltage 
"'f change on the grid \viii have the same effect on t he plate 

I current as a larger voltage change on the plate. A grid 
rtL AMENT ca ,o PLAt E requires very little pc,wer, serving 1nerely as a valve to 

control the plate curren t . 
A negatively charged grid tends to force the space electrons back to\vard the 

filament. This action decreases the plate current. Plate current, in fact, may 
be reduced to zero ( cut-off) by making the negative grid charge sufficiently large. 
On the other hand, when a positive charge is applied to the grid, the electrons 
are acceJerated and increased plate current results. 

It should be noted that this control action of the grid permits the use of the 
tube as an amplifier. A s1nall grid voltage change produces a much larger plate 
current than would the sarne change in plate voltage. Typical three-electrode 
tubes are the '20, '27, 56, and '45. 

The control grid circuit (input circuit) includes any device or devices connected 
bet\veen the control grid and cathode of a tube for the purpose of impressing an 
input or signal voltage on the control grid. It may consist of an antenna coupling 
coil, a transformer secondary, or any unit having one or all the factors of induc, 
tance, resistance and capacity. Since it is usually desirable to maintain the grid 
at some negative voltage ( called grid bias) with respect to the cathode, the grid 
circuit \viii, in such cases, also include a source of voltage supply for that purpose. 
The grid bias supply (C,supply) may be a battery or other source of d-c voltage. 

- 4 -



THE RCA RADIOTRON MANUAL 

The output cil;cuit is considered to include the parts of the circuit connected be, 
tween the plate and cathode. 

The electrodes of a radio tube form an electrostatic system, each electrode act, 
ing as one plate of a small condenser. For a three-electrode tube the capacitances 
are kno\vn as interelectrode capacitances and are those existing bet\veen the grid 
and plate, the plate and cathode, and the grid and cathode. Of these, the capacity 
between the grid and plate is generally of most importance. In high,gain radio
frequency amplifier circuits, this capacity may act to produce undesired coupling 
bet\veen the input and output circuits and, thereby, cause uncontrolled regeneration. 

TETRODES 

T he effect of grid-plate capacitance in causing excess regeneration may be m1n1, 
rn ized or eliminated in a number of \vays. O ne sche1ne requires the use of com, 
plicated circuit arrangements which set up counteracting effects to counterbalance 
th_e !lction of the grid-plate coupling. T he second and preferable 1nethod, is to 
el11n1nate as much as possible the grid,to,plate capacitance in the tube itself. This 
is accomplished by employing a fourth electrode in the tube which is known as 
the screen. The screen is placed bet\veen the plate and the grid and thus makes 

fl L AMEN T 

~ ---.---1=::: :;::::::::: 

~ ----====== ~ -:::=::: 

T T 
SCREEN Pl,.AT E 

a four-electrode tube, or " tet rode." \'.Vith this type of cube i ntricate ci rcuits and 
balancing difficulties may be eli1ninated. Since the screen voltage largely deter, 
mines the electron flo\v, small changes of plate voltage have little effect on plate 
current. T his is desirable fro1n the vie\vpoint of stability. The screen is con, 
structed so that the flo\v of electrons is not materially obstructed, yet it serves to 
establish an electrostatic shield bet\veen the plate and grid. The screen is operated 
at s01ne positive voltage lower than that of the plate and is by,passed to the 
cathode through a condenser. This by,pass condenser effectively grounds the 
screen for high,frequency currents and assists in reducing grid-plate capacitance to 
a m1n11nu1n value. In general practice the grid-plate capacitance is reduced from 
an average of 8.0 1nicro1nicrofarads (~1µf.) fo r a triode to 0.01 µµf . or less for a 
screen grid tube. The reduction permits the attain1nent of stable a1nplification 
from screen grid tubes many times as high as that possible fro ,n three electrode 
tubes. Tubes of th is type are represented by the ' 24,A, '32 and '35. 

PENTODES 

In all radio tubes, electrons striking the plate may, if moving at sufficient speed, 
dislodge other electrons. In two and t hree electrode types, these vagrant elec, 
trons usually cause no trouble because no positive electrode other than the plate 
itself is present to attract them so that they are eventually drawn back to the plate. 
Emission from the plate caused by bombard1nent of the plate by electrons from 
the cathode is called secondary entission, because the effect is secondary to the 
original cathode electrons. In the case of screen grid tubes, the proximity of the 
postive screen to the plate offers a strong attraction to these secondary electrons 
and particularly so if the plate voltage swings lower than the screen voltage. This 
effect lowers the plate cu rrent and limits the permissible plate S\ving for tetrodes. 

The plate current limitation is removed \vhen a fi fth electrode, known as the 
suppressor, is placed in the tube bet\veen the screen and plate. The family name 
for five-electrode types is "pentode." The suppressor is usually connected to the 
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cathode. Because of its negative potential with respect to the plate, it retards 
the fl ight of secondary electrons and diverts them back to the plate, where they can 
cause no trouble. 

;::::=:: ;::::::: -% ::::::: -~ ;::::::::: -% -~ ;:::::::: -:% f -1 -
f:H .. M✓-CNT GRID SCREEN SVPPRESSOR PLAlE 

The suppresso r is utilized at the present time in pentodes designed for t\vo 
d iife rcnt fu nctions. In power output pentodes, the suppressor makes possible a 
large power output \Vith high gain, due to the fact that the plate swing can be 
rnade very large. Tubes of this type are represented by the '33, '38 and ' 47 . 
In rad io-frequency a1nplifier pcntodes, the suppressor pcrniits of obtaining a high 
voltage amplification at moderate values of plate voltage. In fact, the plate voltage 
may be as lo\lv as or lower than the screen voltage \vithout serious loss in the gain 
capabilities of this type. Representative of this type a re the '34 and '39. Further 
advantages in adaptability of tube design and application may be obtained by pro, 
viding the suppressor \vith its O\VH base terminal. \Vith this arrange1nent, it is 
possible to obtain special control features by variation of the voltage applied to 
the suppressor. Typical tubes of this type are the 57 and 58. 

Parts Assembly of the '24- .~ 
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Manufacture of RCA Radiotrons 
Ccnlrt,I Grid __ 
Ccnncc/ion 

C.1/Juxlr. 

Control 
Cr.-ct 

The age in ,vhich we live is vitally influenced by 
the thern1ionic vacuum tube. \Vithout this device, 
the rapid strides ,vhich have been 1nade in radio 
develop1nent ,,vould not have been possible. In a 
fe,v short years, the radio tube has entered into our 
homes, offices, factories, anti laboratories as an in• 
tegral and essential part of modern living. 

T o 1neet the tlemantls anti exacting needs of this 
vast field, unceasing development of tubes and con
tinuous improve1nent of tube manufacturing equip
ment has been required. Auto,natic tube making 
1nachinery has been developed to the stage where 
it now enters into practically every phase of our 
manu factu ring activities. Such equip1nent is par
ticularly well adapted for producing large quan, 
tities of tubes uniform in characteristics. 

lntet· io r Vi ,,w of '24-A 
In attaining this uniformity, each component 

part of the tube structure must be precise in dimensions and free fro1n i1npurities. 
:tvfany of the parts are gauged to thousandths of an 
inch. S01ne parts require very much greater accuracy. 
The constituent n1aterials of these parts are used only 
after they have passed exacting che1nical tests. The 
need for this care may be appreciated when it is 
kno\vn that the active coating on some filaments 
weighs as little as 21 ten-1nillionths of a pound. 

The same care which is used in the selection of 
individual parts is representative of the general manu
facturing procedure for each of our types. Of these 
types, the '24,A is an excellent example for explain
ing the details of tube manufacture. 

The initial step in the process consists in the 
1naking of the flare, The flare is the interior glass 
section through \vhich passes the connecting \Vires 
from the bulb interior to the base pins of the com
pleted radio tube. Standard lengths of glass tubing 
are fed into a machine \Vhich grips each one and 
moves it through a series of gas flan1es of increasing 
intensity. \Vhen the lower encl assu1nes a bright yel
low color ( at this teinperature the glass is about as 

Sealing the Stein 

Gauging Plate~ 

soft as \varm \Vax) a \vhirling cone rises to gently 
shape the 1nolten edge of t he tubing into a flange 
or flare. After the operation has been completed, 
the machine t ransports the flanged tubing through 
additional gas flames \vhich play upon it at a point 
to give the correct length for the finished flare. A 
rotating glass cutter S\vings down into place under 
the tubing, then rises ,vithin it to cut off the sec, 
tion at the heated portion, 

After inspection, the flare is sent to the stem 
machine, The flare is placed in the stein 1nachine 
where the \Vire supports and connections are in, 
serted . Correct spacing between wires is insured 
by a metal form which holds then1 in the proper 
position to be sealed into the glass.* Each \Vire 

*It is interesting to know that before any 01cta1 enters into 
the construct:"on of :i tuhe, it musl be thoroughly deaned. 
This is accomplished by heacjng thl~ n1etal at 3 high tcm, 
peraturc in ~in atmosphere of hydrogen. The process clc3ns 
cb.c mo.st tarni$-hed metal. 
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consists of three sections \vclded together 
into a unit. The sections consist of nickel 
and copper with a s1nall length of special 
metal called d umet fused between them at 
a point \vhere the molten glass is pressed 
about the \Vire. When the \Vires have 
been inserted within the flare, a length of 
glass exhaust tubing is automatically low, 
ered into the center of this assemblv. The 
flare arrange1nent is then carri~d pro
gressively through flames \vhich play upon 
it and melt it at a point where the glass 
is to be pressed together. Metal jaws 
firmly squeeze the 1nolten glass around 
the wires, thus fusing the parts together 

in an air-tight seal, or press. The asse1nbly then 1noves into position under an 
air jet which supplies compressed air to the exhaust tubing in order to blo\v a hole 
through the hot soft glass belo,v the pinch. It is through this opening that the bulb 
is evacuated in a later operation. The entfre part, kno\vn as the stem, is removed 
from the machine and annealed to prevent glass strains. After inspection, the 
annealed stem is sent to the stein· 

\Vclding Mount Assembly 

forn1ing machine, \vhere the wires 
are bent to the proper shape to take 
the parts to be 1nounted thereon . 

Bulb Scaling and Exhausting-

• A.fter a careful inspection has 
been made, the stein is ready for 
the fitting of the additional parts, 
such as the plate, cathode, grid 
and screen. These parts are formed 
with accuracy hy auto1natic ma, 
chinery which operates ,nore rapidly 
than the eye can follo\v. As these 
parts are ,nounted, they are elec
trically \velded to insure pennanent 
construction. First, the plate is 
mounted and \velded to its respec, 
tive supports. T he grid and screen 
are next fastened in their positions. 
The oute.r section of the screen con, 
sists of a nickel mesh cylinder, while the inner section is a helical coil of line ·wire. 
T he sections are connected and held together at the top by a metal disc. The cathode 
is then inserted and \vclded to the proper terminals. The cathode consists of a heater 
\Vire enclosed in a ,netal sleeve from which it is electrically insulated. Great care is 

exerted in applying the active material to ,nain, 
tain exactness of coated area and thickness . 
. After the sleeves have been sprayed, they are 
baked and carefully inspected. 

F.lectrical Inspection Tests 

Follo\ving the grid-assembly operation, the 
connecting \Vire \vhich later is passed through 
the top of the glass bulb to the fa1nil iar metal 
cap, is \velded to the control grid support. 
The "getter" cup, which contains pellets of 
magnesium, is then fastened to the grid support. 

The unit, co,nposed of a stern and attached 
parts, is kno,vn as the mount. It is inspected, 
tested for short circuits and transferred to the 
sealing,in and exhaust 1nachine. Here it is 
placed on a rotating support, kno\vn as the 
scaling head, and a glass bulb is lowered over 
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it. Heat is applied both to the 
junction of the flare and bulb. 
The sealing head, constantly ro, 
tating, moves the tube into in· 
creasingly hotter zones ,vhere the 
glass is softened by the fires . 
The glass around the control 
grid lead is sealed irrunediately 
after the flare and bulb junc, 
tion is made. T he entire glass 
bulb is annealed in the process, 
after which the tube is trans, 
ferred to the exhaust section 
of the inachine where it is con, 
nected to the exhaust pumps. Pi·oving Life and Quality 
T he atmosphere is drawn froin 
the bulb in successive operations. T o insure a n1ore co1nplete exhaust, the prin, 
cipal metal parts of the tube are heated by powerful high-frequency currents 
induced by an external coil that automatically· drops around the bulb. The intense 
heat, created in the metal by induction, frees the glass ,,nd metallic tube parts of 
occluded gases ,vhich are immediately removed from the bulb by the exhaust 
p1.unps. 1 'he getter is flashed or vaporized ;:i.fte~- the exhaust is nearly completed. 
The flashing is acco1nplished by 1neans of induction fro,n a movable high-fre, 
quency coil which is dropped do,vn around the outside of the glass bulb. _The 
current induced in the getter cup is great enough to provide the necessary heat to 
vaporize t he getter. The vapor absorbs residual detrimental gases to make a 
better exhaust, and condenses in a silvery film on the inside of the glass bulb. 
This condensation acts as a vacuum keeper during the useful li fe of the tube. 
When the exhaust process has been completed, the tube is automatically sealed off, 
disconnected from the vacuum pump and transferred by belt to the basing machine. 

Here the connection ,vires of the tube are properly threaded into the five pins 
of the base. T he tube and base are passed through an oven, \vhich hardens the 
cement on the inside edge of the base, thus fastening the bulb firmly to the base. 
Following the basing operation, projecting ends of the wires are cut off flush with 
the ends of the pins and soldered. A small metal cap is secured to t he top of the 
bulb by means of cement and soldered to the grid lead. 

The tube is once more examined for short and open circuits and then placed on 
a "seasoning rack" where voltages are applied to the electrodes. 1'he tube is 
allowed to "season" for a length of time sufficient for its characteristics to become 
stabilized. 

After the tube is seasoned, it is again tested fo r short and open circuits as well 
as for plate current, cathode activity ( emission) , a,c output, gas and leakage. 
On some types of tubes additional tests are made . Extremely accurate instruments 
are used for these tests. The co1npleted and inspected product is fin ally ,.,rapped 
in a corrugated holder and packed in its distinctive carton, ready for delivery to the 
purchaser. 

From beginning to end, this brief story of one type of tube is indicative of the 
manufacturing skill, pains-taking care and precision processes employed in 1naking 
each different tube described in this MANUAL. 
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Radio Tube Characteristics 
The ter1n "CHARACTERISTICS" is used to identify the distinguishing electrical 

features and values of a radio tube. These values 1nay be shown in curve form 
or they may be tabulated. When given in curve fon n, they are called characteristic 
curves and may be used fo r the detennination of tube performance and the cal
culation of additional tube factors. 

Tube characteristics are obtained from electrical 1neasure1nents of a tube in 
various circuits under certain definite conditions of voltages. Characteristics may 
be further described by denoting the conditions of 1neasurcments. For example, 
Static Characteristics are the values obtained ,vith different d-c potentials applied to 
the tube electrodes, while Dynamic Characteristics are the values obtained with an 
a,c voltage applied to the control grid under var ious conditions of d-c potentials 
on the' electrodes. The dynamic characteristics, therefore, are indicative 0f the 
performance capabilities of a tube under actual working conditions. 

Plate characteristic curves and mutual characteristic curves both give informa, 
tion on static characteristics. T hese curves present the same information, but in 
two different forms to increase its usefu lness. The plate characteristic curve is 
obtained by varying plate voltage and 1neasuring plate current for differen t control 
grid bias voltages, ,vhile the mutual characteristic curve is obtained by varying 
control grid bias voltage and measuring plate current for different plate voltages. 
A plate characte ristic fa ,nily of curves is illustrated by Fig. 2. Fig. 1 gives the 
mutual characteristic family of curves for the same tube, 
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Dynan1ic characteristics include amplification factor, plate resistance, and mutual 
conductance, and may be sho,vn in curve form for variations in tube operating 
conditions. 

T he amplification factor, or µ, is the ratio bet,veen a s1nall plate voltage change 
and the grid voltage change \vhich produces an equal plate current variation . 
In other \vords, a voltage variation in the grid circnit has the same effect on plate 
current change as a plate voltage change equal to the grid voltage times the 
amplification facto r. For example, if the grid voltage change is 5 volts for a change 
in plate current of one 1nilliampere, and if a plate voltage change of 30 volts is also 
required to produce a change in plate current of one milliampere, the amplifica tion 
factor is 30 divided by 5, i.e., 6. 

The amplificati()n fact<>r ( it), is usefu! for calculating stage gain, as illust rated 
on page 12. 

The plate resistance of a radio tube is the resistance of the path between cathode 
and plate to the flo,v of alternating current. It is the ratio of a small change in 
plate voltage to the COlTesponding change in plate current and is expressed in 
ohms, the unit of resistance. Thus, if a change of 0.001 ampere is prod uced by a 
p late voltage variation of 20 volts, the plate resistance (rp) is 20 divided by 0.001, 
i.e., 20000 oluns. 

-10-



THE RCA RADIOTRON MANUAL 

The n1utual conductance, or grid-plate transconductance, is a factor which com, 
bines in one term the amplification factor and the plate resistance, and is the ratio 
of the first to the second. Thus, if the a1nplification factor is 10 and the plate 
resistance is l 0000 ohms, the mutual conductance (gin) is 10 divided by 10000 
equals 0.001 mho. A mho is the unit of conductance, the reciprocal of resistance, 
and was named by spell ing ohm backwards. For convenience, a millionth of a 1nho, 
or a micromho, is used to express mutual conductance. So, in the example, 0.001 
mho times a million, equals l 000 micromhos. 

Mutual conductance (gm) is strictly defined as the quotient of a small change 
in plate cun·ent caused by a s1nall change in grid voltage. This tenn is a very 
useful one for comparing tube performance capabilities, especially \Vhen tubes of 
similar characteristics are compared, but it has limited application for the com, 
parison of tubes intended for different functions. For exa,nple, the 112-A has a 
mutual conductance of 1700 micromhos at 180 volts on the plate and - I 3 .5 volts 
on the grid, while the '71,A has a 1nutual conductance of 1620 micromhos at 180 
volts on the plate and - 40. 5 volts on the grid. As a power a1nplifier, however, 
the '71-A is capable of furnishing three ti1nes as much undistorted po\ver to a loud, 
speaker as the 112,A. O n the other hand, the 112,A is an excellent de tector and 
voltage amplifier, services for which the '71-A is unsuitable. 
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Radio Tube Applications 
The applications of a radio tube are nu1nerous, but they can be grouped broadly 

into three classes, according to operation. T hese are: Amplification; detection, which 
is a special form of rectification; and oscillation. Although these operations may 
take place at radio, or audio-frequencies and may involve the use of different cir, 
cuits and different supple1nental parts, the general considerations of these applica, 
tions are basic and hold for all conditions. 

AMPLIFICATION 

As a voltage an1plifier, a radio tube is used to reproduce voltage variations 1n 
the plate circuit. These variations are essentially of the same form as the input 
signal voltage impressed on the grid, b ut of increased amplitude. This is ac, 
complished by operating the tube at a suitable grid bias so that the applied grid 
input voltage produces plate current _variations proportional to the signal s,vings. 
The use of tubes in this manner is broadly identifi ed as Class A service. Since 
the po,ver controlled in the plate circuit is much larger than that required to s,ving 
the grid potential, amplification of the signal is obtained. Pig. 3 gives a 
graphical illustration of this method .of amplification and shows, by means of the 
grid voltage vs. plate current characteristic, the effect of an input signal ( S) ap, 
plied to the grid of a tube. (0) is the resulting amplified plate current variation. 

_.I __ 
.-L- .1-. , l 

OUTPUT SICNAL(O) 

, """I-t-~ --

• ' + INPU T 
5 1CNAL 

LOAD 
RESISTOR R 

-CRI O VOLTS ~I 

' ' ' 
• 

I I '1' INPUT SICNAL I : 

(Sl 's' I : 

~---1111 I._+ _ _., _ ___.-I 1111 I I I f.C+ _ _J 

' ' 
G e 

F'ig. 3 Fig. 4 
The plate current flowing through the plate load resistor (R) of Fig. 4 

causes a voltage drop \vhich varies directly \.vith the plate current. The ratio of 
this voltage variation produced in the load resistor to t he grid input voltage is a 
measure of the voltage a,nplification. or gain, of the tube stage. This ratio is not 
the same as the amplification factor of the tube, but is determined by the combined 
effects of plate resistance, lold resistance or i,npedance, and the amplification 
factor. The voltage amplificatio n per stage due to the tube is expressed by the 
follo\ving convenient formulae: 

(Amplification factor) X (Plate load rcsi•tance) 
Voltage Amplification = - --------------------

(Plate load resistance) + (Plate resistance) 
= 

( M utual conduct:i.nce in micromhos) X (Ph-1 tc resJstance) X (Plate Joad resistance) 

1000000 X (Plate resistance + Plate load) 

Load resistance and plate resistance values should be expressed 1n the san1e units, 
either ohn1s or 1negohms. 

These formulae apply equally ,veil to all types of amplifier tubes. If the load 
resistance is made increasingly large, the volt_age amplification per stage approaches 
the a1nplification factor of the tube as a limiting value. Fig. 5 shO\VS that gain 
increases v.1ith larger loads. Since the load resistor lowers the available plate 
voltage due to plate current flowing through it, the plate voltage swing obtainable 
is likewise reduced . This drop may be avoided by replacing t he resistor ,vith an 
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inductance. An inductance can be designed to have a high impedance to the 
~ignal and a_lso ~o have a low resistance to direct curren_t. Th~ inductance, depend, 
1ng upon circuit requirements, may be an air-core coil, an iron-core choke, or a 
transformer primary. 
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The method of applying the input signal to the grid is important . It is possible 
to use an input circuit of high impedance, since the grid input impedance of radio 
tubes is very high as long as the grid bias is negative. If an input transfonner is 
used the secondary impedance is made as high as other design conditions permit. 
In resistance-coupled circuits, the grid resistors usually range in value from ½ to 2 
megoh1ns, depending upon the type of tube and the circuit. Too high a resistance 
may result in instability, -.vhile too lo,v a value of grid resistance may result in lo,v 
gain. '.'fhe most suitable value will usually be determined by experin1ent . 

As a power amplifier, a radio t ube is used in the output stage of radio receivers 
to supply relatively large amounts of power to the loud speaker. For this applica
tion, large po,ver output is of much greater importance than high voltage amplifica, 
tion, so that gain possibil ities are sacrificed in the design of power tubes to obtain 
po\\•er handling capability. Po\\•er tubes of the triode type are characterized by 
comparatively high plate current, large grid bias, and lo,v plate resistance. Power 
tubes of the pentode type give large power output with good sensitivity. 

Either push,pull or para.lie! operation of po,ver tubes 1nay be employed to obtain 
increased output. The parallel connection (see Fig. 6) provides t-.vice the 
output of a single tube without an increase in grid signal voltage; ,vhile the 
push-pull connection ( see Fig. 7) will give t,vice the output at the same 
grid bias, but requires twice the input signal. Output slightly greater than t,vice 
the single tube value can be obtained from the push-pull connection by increasing 
the bias. This is permissible since the push-pull connection balances out 2nd 
harmonic distortion,-the usual limiting factor. In the latter case, the outp ut 
is limited almost entirely by 3rd harmonic distortion. 

= " 

(!) (!, 
B + B - A-C f lL AMENl SUPPLY 8 -t 8 - A• <: rlLAA-'.tNl' SUPPLY 
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The operation of power tubes so that the grids run positive is inadvisable except 
under conditions, such as are discussed later in this section for Class B amplifiers. 

Power amplifier output for triodes can be calculated without serious error from 
the plate family of curves by assuming a pure resistance load. The proper plate 
current, grid bias, and optimum load resistance, as well as the per cent 2nd har
monic distortion, can also be determined. The calculations are made graphically 
and are illustrated by Fig . 8 for given conditions. The procedure is as fol
lows: A straight line XY is dra,vn on the plate family of curves intersecting the 
plate voltage at a trial value of plate current at a point (P) and having a slope 
corresponding to the load resistance chosen. The slope of XY is determined by 
adjusting the line so that the plate voltage intersection at zero plate current 
divided by the plate current intersection at zero plate voltage is equal to the trial 
load resistance value; or, as is sometimes more convenient, by drawing line XY 
through point (P) parallel to some other line AB which has the proper slope. 

In calculating power output, it is assumed that the peak alternating grid voltage 
is just sufficient to swing the grid from the operating bias value to zero bias on 
the positive swing and to a value t,vice the fixed bias on the negative s,ving. 
Identifying the maximum and minimum values of plate voltage and p late current 
for the grid voltage swing as E max., E min., I max., I min., the pov,1er output is 
given by the fo l'lnula: 

(I max. - I min.) X (E n,ax. - E min . ) 
Po\ver Output = ----------------

8 
If E is in volts and I in mi1liamperes, po\,,er output is in milliwatts . 

Per cent second harmonic disto rtion is given by the following fol'lnu la in ,vhich 
Io = the trial value of d-c plate current. 

f inax.. -i- I m in. 
------- - Io 

2 
Per cent 2nd Harmonic Distortion = -------- X 100 
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Example: Determine the undistonc.d 
power output of a l~electrode tu be at 
a p late voltage of 250 volts, a plate 
current of 34 milliamperes. a negative 
grid voltage of 50 volts and a plate 
lo•d of 3900 ohms; given the plate 
characteristic curves as shown. 

Procedure: Draw through point (P) 
which represents pro posed opcr;)ting 
conditions, line XY with slope cor~ 
responding to 3900 ohm load. This 
may be done by drawing XY parallel 
to line AB. The line AB is drawn 
between point (M) at 250 volts and 
zero current, and point (Q) at zero 
vo[rs :ind current equal to 250 volts 
divided by plate load of 3900 ohms, 
i.e . , 250 + 3900 = 0.064 ampere or 
64 milliainpcrcs. 

Substlmtiog values from curves in above power formula : 

(66-7) X (360- 130) 
Power O utput = - -------- = 1 iOO mil}i"",aus 

$ 

Substitutin~ values from cur\'es in above distortion formula: 

0.066 + 0.007 

2 
- 0.03~ 

2nd M:umooic Distonion ::-- ---------- X 100 = 4.2'1,, 
0 .066 - 0.007 
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It is custo,nary to 1nake the final selection of load resistance such that the 
distortion as calculated above does not exceed 5 per cent, a value which experience 
has shown to be permissible. Several approximations of load resistance may be 
necessary to obtain the optimum value for t he trial value of plate current. O rdi, 
narily, the plate load resistance for opti,num conditions is approxi,nately equal to 
twice the plate resistance. 

To check the trial plate current, calculations should be ,nade for d,c plate cur, 
rents above and below the trial value. The most suitable value with its correspond, 
ing grid bias can then be selected, unless the value is higher than that recommended 
for the tube. In this event the maximum permissible value is chosen. 

A super-control amplifier tu be is a modified construction of the screen grid type 
and is designed to reduce cross,talk and cross,modulation in radi@-frequency stages. 
Cross-talk and cross-,nodulation are the effects produced in a radio receiver by an 
interfering station " riding through" on the carrier of the station to which the 
receiver is tuned. This effect is caused by the radio,frequency amplifiers acting 
partially as detectors where very powerful signals are received or \vhere the grid 

Cathode 

Fig. 9 

bias has been increased to reduce volume. 
The offending tube is usually the first radio
frequency amplifier, although other stages 
may contribute to the trouble, particularly if 
the set selectivity is poor. The character
istics of super-control types are such as to 
enable the tube to handle both large and 
small input signals with 1ninimum distortion 
over a wide range. T his feature is obtained 
by a special tube structure \Vhich makes pos, 
sible variation in amplification factor \vith a 
change in grid bias. A cross,section of the 
structure of a typical super,control tube is 
sho,vn in Fig. 9. This type differs from the 
usual screen grid tube chiefly in the construe, 
tion of the control grid \vhich is \vound with 

course spacing at the middle and close spacing at t_he ends. When weak signals 
and low grid bias are applied to the tube, the effect ot the non-uniform turn spacing 
of the grid on cathode e,nission and tube characteristics 
is essentially the same as for a uniform spacing. As the 
grid bias is made more negative to handle larger input 
signals, the electron flo\v from the sections of the cathode 
enclosed by the en ds of the grid is cut off . The plate 
current and other tube characteristics are then dependent 
on the electron flow through the coarse section of the 
grid. This action changes the tube characteristics so 
that large signals may be handled with n1inimu1n distor, 
tion due to cross,modulation and modulation effects. Fig. 
10 shows typical grid voltage vs. plate current curves fo r 
a screen,grid and a super,control tube, respectively. It 
\Vil! be noted that while the curves are alike at small grid 
bias voltages, the plate current of the su per,control tube 
drops quite s]o,vly with large values of bias voltage. This 
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slow change makes it possible for the tube to handle large signals satisfactorily. 
Since super,control types can handle a large signal range, they are particularly suit, 
able for use in sets having automatic volume control. 

Class B power an1plifiers for audio applications are a ne,v development of much 
interest where large po\ver output is required. In Class B service the tube is oper
ated so that the plate current is practically zero \Vith no grid excitation. When a 
signal of sufficient magnitude is applied to the grid, there ,vill he no plate current 
flow over a substantial part of the negative half,cycle. In other \VOrds, plate current 
llo,vs only during the least negative excursions of the signal voltage. A considerable 
a,nount of second and higher even-ordered harmonic distortion is thus introduced 
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into the power output of a single tube. However, with t-vo tubes in a balanced 
push-pull circuit, the even harmonics are eliminated from the po\ver output. In 
such a circuit, therefore, t-vo tubes rnay be employed as Class B amplifiers to supply 
virtually undistorted output. 

In Class B service, it is possible to drive the grids of the t\vo amplifier tubes posi
tive by a certain amount and still obtain reasonably undistorted output, provided 
that sufficient input po\ver is available to supply the grid current required by the 
positively charged grids. This po\ver is conveniently supplied by the usual po\ver 
amplifier feeding the grids of the output tubes through a p ush-pull transformer hav
ing the proper characteristics. Usually this transformer has a step-down ratio. 

By designing Class B a,nplifier tubes with a sufficiently high amplification factor, 
it is possible to operate them with zero grid bias, and so dispense \Vith biasing 
resistors whose effect \Vould be to produce considerable loss in sensitivity because 
of degeneration. Since provision for grid bias is unnecessary \vith such tubes, 
the entire voltage of the rectifier is available for plate supply. 

Distinguishing features of this class of service are that very high output of good 
quality ,nay be obtained with fairly small tubes operating at relatively lo\V plate 
voltage; and that unusual overall economy of power consumption is possible because 
the plate current is very low when no signal is applied to the grid. To give these 
advantages, the Class B amplifier circuit requires the use of two tubes in a balanced 
output stage p receded by a driver stage capable of delivering considerable un
distorted povver; and the use of a po\ver supply capable of maintaining good 
:-oltage regulation regardless of the variation of ave.rage plate current \Vith signal 
intensity. It should be noted that the distortion present in the power output of 
Class B amplifiers is usually negligible but is ahvays some,vhat higher fo r the or
dinary range of signals than that ()btained with usual methods of audio amplification 
employing ,nuch larger tubes capable of the same maxi1nu1n po\ver output. 

Class B amplifiers, ho\Vevcr, have the distinct advantage of providing, \vith rela, 
tively srnall tubes, a reserve of po,ver,delivering ability to meet requiren1ents for an 
extended vol\lme range. 

DETECTION 

Detection is the separation of speech or n1usic fro1n the inco,ning radio \vave. 
T his wave consists of a radio-frequency carrier \Vhich has been modulated at the 
transmitter by sounds (audio frequencies). T he effect of rnodulation is to vary the 
a1nplitude of the carrier \vave in proportion to the audio input variations. Since 
the carrier wave is alternating, it may be considered to consist of t\VO halves, each 
of \vhich is affected equally by the audio modulation. The audio co,nponent in 
one-half of the carrier wave is continuously offset by the audio comp()ncnt in the 
other half of the ,vave at a rate equal to the carrier frequency, a frequency much 
too high to affect any audio system. If, how
ever, one-half of the carrier \vave can be elin1-
inatcd, the audio variations in the other half of 
the carrier may be utilized to operate a pair of 
headphones or a loudspeaker (Fig. 11). 

The eli,nination of the neutralizing effect ()f 
one-half ()f the carrier \vave is the function of 
the detect()r. It rectifies the carrier and extracts 
from the rectified output, the audio component 
or signal. The high-frequency radio component 
is usually by-passed fro,n the plate circuit of the 
detector tube by means of a small condenser, 
while the audio component is fed to the audio 
amplifier stage. 

Two different methods of detection \vith radio 
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tubes are commonly employed. These are known as the grid bias method and the 
grid leak and condenser method. 
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THE RCA RADIOTRON MANUAL 

The grid bias method 1nakes use of a tube which is operated \Vith a grid bias such 
that the p late current \Vith no signal is practically zero. \Vhen a signal is applied 
to the gtid, rectification of the carrier occurs, since only the positive half is am pli, 
lied. Fig. 12 illustrates this circuit . 

. The grid lea~ and condenser method is so1ne\vhat more sensitive than the grid 
bias method and gives its best results on small signals. This method uses a grid 
lE'ak and condenser in the grid circuit ( as shown in Fig. 1 3). The grid leak estab, 
lishes th e grid bias to obtain rectification while the condenser offers a low resistance 
path to the grid for the radio-frequency input. In this circuit a high value of grid 
resistor gives greatest sensitivity, but improved tone and stability are obtained ,vith 
lower va l ucs. 
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Automatic volume control of receiver volume is obtained by utilizing the detect
ing or rectifying action of a tube to supply grid bias voltage for the radio-frequency 
amplifier stages. In th is application, an increase in audio signal p roduces an in
creased rectified current, which is utilized to increase the grid. bias on the rad10-
f requency tubes so that the volume is reduced to normal. This fu nction may be 
combined with audio detection in one combination of tube elements, although 
greater flexibil ity in circuit design can be obtained by using two or more sets of 
tube elements, each operating under the optimum circuit conditions for its purpose. 

OSCILLATION 
As an oscillator, a radio tube can be em ployed to generate a continuously alter, 

nating voltage. In present-day rad io broadcast receivers, this application is limited 
practically tC> its use in superheterodyne receivers for supplying the hetero<lyning 
frequency. Several circuits (represented in Fig. 14) may be utilized, but they all 

+- F ig-. 14 -+ 

@ "' 
~01 U, = • 

B- A - B+ 8- H EATER S+ 
A+ tAANSFORME'..R 

depend on feeding more energy from the plate or output circuit to the grid or 
input circuit than is required to equal the power loss in the tube. Feed-back may 
he produced by electrosta tic or electromagnetic coupling bet\veen the input and 
output circuits. When sufficient feed,back occurs to more than equal the tube 
losses, the tube \vill oscillate. The action consists of regular surges of power 
bet,veen the plate and the grid circuit at a frequency dependent on the circuit 
constants of inductance and capacity. By properly choosing these values, the fre, 
quency may be adjusted over very \vide limits. 
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Installation 
The installation of radio tubes requires care if high quality perforiuance is to 

be obtained from the associated radio circuits. Installation suggestions and pre, 
cautions which are generally common to all types of tubes are covered in this 
section. Careful observance of these suggestions \viii do 1nuch in helping the 
experi1nentcr and radio technician to obtain the full performance capabilities of 
radio tubes and cirCLl its. Additional and pertinent inforination is given under 
each tube type on pages 22 to 83. 

FILAMENT AND HEATER POWER. SUPPLY 
'fhe voltage supply for the fila1uent or heater of radio tubes 1uay be a battery 

( or other direct current source), or the alternating current power line, depending 
on the type of tube. Frequently, a regulating resistor is used with the d,c supply 
to adjust the tube voltage at the filan1ent terminals of the socket to the correct 
value and to compensate for battery voltage variations. Ordinarily, a step-down 
transfonner is used with a,c supply to provide the proper voltage at the filament 
terminals. The prin1ary of this transformer may be tapped to permit of adjust, 
1nent for line voltage variation. 

The design of radio tubes allows for a small variation in voltage supplied to the 
fila1nent or heater, but most satisfactory results are obtained fro1n operation at th e 
rated value. \Vhen the voltage is lo\v, the temperature of the cathode is helo\v 
normal, with the result that electron ernission is limited. This 1nay cause reduced 
life and unsatisfactory operation. On the other hand, high fil ament voltage causes 
evaporation of cathode material and shortened tube life. The fila1nent voltage 
should be checked at the socket terininals by means of an accurate voltmeter while 
the tube is in operation. 

For volt:age adjustm.ent with d,c supply, a variable or a fixed res.istor is used in 
series \vith the filament (or heater) and the po\ver source. In the case of dry 
battery supply, it is also reco1nrnended that an accurate voltmeter or milliameter 
be perrnanently installed in the receiver to insure operation of the tubes at their 
rated filarnent voltage. Turning the set on and off by means of the rheostat is 
advised to prevent over-voltage conditions after an off-period. The voltage of 
dry-cells recuperates during off periods. In the case of storage battery supply, 
air-cell battery supply, or d,c power supply, a fixed resisto r is pern1issible. If an 
adjustable resistor is used, no fu rther adjust1nent is necessary after the initial 
setting by rneter test. 

The size of the resistance required for any particular condition can be detennined 
easi ly by a si1nple for mula (Ohm's la\v). 

Supply volts - Rated volts of tube type 
Required Rcsjstancc (ohms)= -------------

Touil rated filament current of tubes 

T hus, if it is required to operate from dry batteries a receiver using three '3 2's, 
t\vo '3 0's, and t\VO '3l's, the series resisto r is equal to 3 volts ( the voltage fro1n 
~wo ury cells in series) minus 2 volts (voltage rating for these tubes) divided by 
0.56 arn pere (the su1u of 5 X 0.060 ampere + 2 X 0.130 a1n pere), i.e., approxi, 
matcly 1.8 ohrns. Since this resistor should be variable to aHo,v adjustment for 
battery depreciation, it is advisable to obtain the next larger co1n1nercial siz.e, al, 
though any value betvJeen 2 and 3 ohms ,viii be quite satisfactor y. \Vhere inuch 
po,ver is dissipated in the resistor, the \Vattage rating should be sufficiently large to 
prevent overheating. The power dissipation in \vatts is equal to the voltage drop 
in the resistor 1nultiplied by the total filament current in amperes. T hus, for t he 
exarnple above, 1 X 0.56 = 0.56 \Vatts. In this case, the value is so s1nall that 
any commercial rheostat having suitable resistance will be adequate. 

Series operation of the heaters of the '36, '37, ' 38 and '39 is permissible for 
receivers which operat.e on di rect current power lines. U nder these conditions, the 
resisto r required in series \vith the t ube heaters is equal to the line voltage 1ninus 
the sum of t he tube voltages divided by the heater current (in a1nperes) of a single 
~obe. Other types of tubes 1nay be operated with filaments or heaters in series, 
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THE RCA RADIOTRON MANUAL 

but it is important that the filament or heater current fo r tubes so connected 
be of the same rating. 

A,c fi.la.,nent su/)ply is ordinarily obtained fron1 a stcp-do\vn transformer. Pre
cautions should be taken to sec that the line voltage is the same as that for \vhich 
the pri1nary of the transformer is designed. The line voltage 1nay be determined 
by measurement \vith an a-c voltmeter (0-150 volts) of good quality. 

If the line voltage measures in excess of that for which the transformer is 
designed, a resistor should be placed in series with the primary to reduce the line 
\•oltage to the rated value of the transformer primary. Unless this is done, the 
exce6S input voltage ,viii cause proportionally excessive voltage to be applied to the 
tube&. Any radio tube 1nay be damaged or made inoperative by excessive operating 
voltages. 

l f the line voltage is consistently below that for which the p rimary of the 
transforrner is designed, it may be necessary to install a booster transformer bet\veen 
the a-c outlet and the transfonner primary. Before such a transfonner is installed, 
the a,c line fluctuations should be very carefully noted. :tviany radio sets are 
equipped ,vith a line voltage switch which permits adjustment of the power trans
forn1er pri1nary to the line voltage. \Vhen this svvitch is properly adjusted, the 
series-resistor or booster-transfonner 1nethod of controlling line voltage is seldom 
required. 

PLATE VOLTAGE SUPPLY 

The plate voltage for radio tubes ordinarily 1s obtained fro1n batteries or from 
a rectified a-c supply. The maximum plate voltage value for any tube type should 
not be exceeded if most satisfactory performance is to be obtained. Plate voltage 
should not be applied to a tube unless the corresponding recomrnended grid voltage 
is also supplied to the grid . 

GRID VOLTAGE SUPPLY 

'fhe reco1nmen<led grid voltages for different operating conditions have been 
carefully determined to give the most sati~factory performance. Grid voltage 1nay 
be obtained fro1n a separate C-battery, a tap on the voltage divider of the high 
voltage d-c supply, or from the voltage drop across a resistor in the cathode cir
cuit. This last is called the "self-bias" method, since the cathode current of eacb 
tube is utilized to produce the bias voltage. In any case, the object of d1e con• 
nection is to rnake the grid negative ,vith respect to the cathode by t he specified 
voltage. With C,battery supply, the negative battery terminal is connected to th e 
grid return. 'l' he positive terminal i& connected to the negative fila1nent socket 
terminal, or to the cathode tenninal if the tube is of the heater-cathode type. If 
the filament is supplied with alternating current, this connection is usually 1nade 
to the center-tap of a low resistance ( 20-50 ohn1s) shunted across the fila1nent 
tern1inals. This method reduces hum disturbances caused by the a,c supply. If 
bias voltages are obtained from the voltage divider of a high voltage d-c supply, 
the grid return is tied into a more negative tap than the cathode. 
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THE RCA RADIOTRON MANUAL 

The self ,biasing method is accomplished by utilizing the voltage drop p roduced 
by the cathode current flo\ving through a resistor (Fig. 15) connected between 
the cathode and the negative terminal of the B,supply. The cathode current is, 
of course, equal to the plate current for a triode or to the sum of the plate and 
screen current for a tetrode and a pentode. Since the voltage drop along the 
resistance is increasingly negative \vith respect to the cathode, the required negative 
grid bias voltage can be obtained by connecting the grid return to the negative 
end of the resistance. 

The size of the resistance for self-biasing a single tube can be determined from 
the following formula: 

Resistance 
Desired grid bias voltage X 1000 

(ohms) = -----------
Raced plate current in milliamperes 

Thus, the size of resistance required to produce 9 voles bias for a tube \Vhich 
operates at 3 milliamperes plate current is 9 X 1000/3 = 30 10 ohms. I f the 
cathode current of more than one tube passes through the resister, the size of the 
resistor will be detennined by the total current. As indicated aoo\'e for screen 
grid tubes or pentodes, the cathode current is the sum of the screen ar.d the plate 
current. 

Grid. voltage variation for the r,f a1nplifier stages is a convenient and frequently 
used method for controlling receiver volume. The variable voltage supplied to the 
grid is obtained either from a bleeder circuit by means of a potentiometer, or by 
the self,bias method using a variable resistor. In either case, it is important that 
the control be arranged so that less than the 1ninimu1n recommended grid bias 
voltage cannot be applied to the grid. This requirement ,nay be met by a stop 
on the potentiometer or by a fixed resistance in series \Vith the variable section. 
See Fig. 16. 
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SCREEN VOLTAGE SUPPLY 

The pos1c1ve voltage for the screen connection of a radio tube is usually ob, 
tained fro,n a tap on the B,supply. The screen voltage of screen grid types of the 
four-e lectrode ( or tetrode) construction, should be obtained by connecting the 
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THE RCA RADIOTRON MANUAL 

screen either direct to the proper voltage tap or through a potentiometer connected 
across the B,supply, but never th rough a series resistance to a high voltage supply. 
This latter arrangement wi ll not usually be satisfactory because of screen current 
variations. T ubes of the pentode construction, however, n1ay utilize the series 
resistor arrangement, since th is construction makes possible greater uni formity 
o f the screen current characteristic. See Fig. 17. 

Screen voltage variation for the r-f amplifier stages is sometirnes used for volume 
control of the receiver. Reduced screen voltage lowers the mutual conductance 
of the tuhe and results in decreased gain per stage, T he voltage variation is ob, 
tained by rneans of a potentiometer shunted across the screen grid voltage supply. 
See Fig. 18. 

SHIELDING 
Circuits employing tubes having high gain capabilities, particularly screen gdd 

types, require shielding by metal enclosures if stable operation and high gain per 
stage is to be obtained . In multi,t uhe r-f amplifier circuits, it is necessary to shield 
completely and effectively each stage and to include within the stage shield the 
coupling device. U nless the coi ls and condensers of the various stages are shielded 
from each ot her, the a1npl ification possibilities of the tubes and the ir circuits cannot 
he rea lized. 

Since coupling bet\veen stages can occur not only from interaction of stage 
coupling devices, but also from a common voltage supply ci rcuit, it is advisable 
to employ filters in all voltage supply leads enter ing the stage shields. A filter , in 
order to be effective, should have a high impedance to t he frequencies handled by 
the stage. Radio,frequency filters require the use of high,grade by,pass condensers 
for rnost satisfactory results . See Fig. 19 for various fil te r arrangements. 

OUTPUT COUPLING DEVICES 
1\n output coupling device is used in the plate circuit o f a po\ver output tube 

to keep its con1paratively high d,c plate current from the \vinding of an electro· 
magnetic speaker driving unit, and to transfer power efficiently from the output 
stage to a loudspeaker. 
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O utput coupling devices are of two t ypes, (1) choke condenser and (2) trans
former. The choke-condenser type consists of an iron,core choke c©il \Vith an 
inductance of not less than 12 henrys which is placed in series with the plate and 
B,supply. T he choke offers a very low resistance to the d-c plate current but 
opposes the flo\v of the fl uctuating signal voltage. A by,pass condenser of 2 to 4 
µL supplies a path to the speaker \vinding for the signal voltage, T he transformer 
type is constructed with two separate \Vindings, a primary and a secondary wound 
on an iron core. T his construction permits of designing each winding to meet 
the requirements of its position in the circuit. Ty pical arrange,nents of each type 
of coupling device are sho\vn in Fig. 20. 
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RCA Rodiotron 
UX,201-A 

DETECTOR, AMPLIFIER 

The 'O 1, A is a three,electrode storage battery tube for 
use as a detectt:ir and as an amplifier. 

CHAR.ACTERISTICS 

FILAJ\.{ENT VOLTAGE (D. C.) ... .• ..•........ ..... 
FlLAJ...fENT CURRENT ....................... . . .• 
PLATE VOLTAGE . . . . . . . . . . . . . . . . . 90 
Gruo VOLTAGE . . . . . . . • . . . . . . . • . • -4.5 
PLATE CURRENT . . . . . . . . . . . . . . • . . 2.5 
PLATE R ESISTANCE • . . . . . . • . . . . . . . 1 l 000 
A~1PLIFICATION FACTOR . . . . . . . . • . . . 8 
MUTUAL CONDUCTANCE . . . . . . . • . . 7 25 

5.0 
0.25 
1

, , 
,::> max. 
-9 
3.0 

10000 
8 

800 
GRID-PLATE CAPACITANCE • . . . . . . . . 8.1 
GR10,F1LAMENT CAPACITANCE . . . . . . 3.1 
P LATE,fILAME NT CAPACITANCJ\ . . . . . 2.2. 

Volts 
Ampere 
Volts 
Volts 
Milliamperes 
Ohms 

l:viicro1nhos 
µµf. 
µµf. 
µµf . 

MAXTMU~1 OVERALL LENGTH ......................... . 
MAXIMUM DIAMETER ...................... •... .. . .... 
BULB (Sec page 4 2, Fig. 8) .................... - ..... . . 

41 ~; ~" 
1410" 
S-14 

BA SE • • . . . . . . • • • . • • • • • • • • • • • • • • • . . . . . . . . • . . . . . . • . •. . • Mediu1n 4·I'in 

INSTALLATION 
The base pins of the 'Ol,A fit the standard four•contact socket. 

should be installed so that the tube ,,_,ill operate in a vertical position. 
of the socket in the detector stage may be desi rable if microphonic 
are encountered. For socket connections, see page 39, Pig. l. 

The socket 
Cushioning 

disturbances 

T he filament in the 'Ol·A is intended for operation fro1n a 6-volt storage battery. 
A fixed or variable resistor of suitable value is required to reduce the battery 
voltage to 5 .0 volts across the filarnent tenninals at the socket. At this voltage, the 
1nost satisfactory operating performance will be obtained. 

APPLICATION 
As a detector, the '01-A may be operated either \vith gdd leak and condenser 

or \Vith grid bias. The reco1n1ne11ded plate voltage for the fonner 1nethod is 
45 volts. A grid leak -of from 1 to 5 1negoh1ns used \Vith a grid condenser of 
0.00025 µf. is suitable. The grid circuit return should be connected to the positive 
filament tenninal. For grid bias detection, p late voltages up to the maxi1nu111 value 
of 135 volts inay be used with the corresponding negative gdd bias voltage (13.5 
volts approxirnately) . 

1\s an amplifier, the '01-A is applicable to the audio· or the radio-frequency 
stages of a receiver. Plate voltages and the corresponding grid voltages for audio 
a1nplificr service should be detennined from the tabulated characteristics and the 
curves in order to obtain optimum perfonnance and freedo1n from distortion . The 
higher plate voltages ,;vill be found advantageous under conditions v✓hcre the 
imp ressed signal is large or where maxi1num voltage output is desired. 

\Vhen the 'Ol•A is used as a radio-frequency a1npliiier, little is gained fro1n the 
use of plate voltages exceeding 90 volts. The 'O l•.!\ is well adapted for use as an 
interstage audio,frequency a1npliiier but a power output tube is reco1nmended for 
the final audio stage. 

Volun1e control of the receiver may be acco1nplished by variation of either the 
grid bias or the plate voltage applied to the radio-frequency stages. 
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RCA Radiotron 

RCA-210 

PO\VER AMPLIFIER, OSCILLATOR 

The type '10 is a three-electrode high-vacuum tube 
suitable for po,ver amplifier use. As an audio-frequency 
amplifier, it is capable of de1ivering large undistorted out· 
put to the loudspeaker. 

CHARACTER.ISTICS 

FILA}.iENT VOLTAGE (A. C. or D. C.). . . . . . . . . . . . . 7.5 
FILAMENT CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.25 
PLATE VOLTAGE . . . . . . . . . . . . . . . . . . 250 350 425 max. 
Gruo VOLTAGE* . . . . . . . . . . . . . . . . . • -22 -31 -39 
PLATE CURRENT .......... ....... 10 16 18 
PLATE RESISTANCE . . . . . . . . . . . . . . . . 6000 5150 5000 
AMPLIFICATION FACTOR . . . . . . . . . . . 8 8 8 

Volts 
Amperes 
Volts 
Volts 
Milliamperes 
Ohms 

MUTUAL CoNDUCTANCE . . . • . . . . . . . I:, 30 1550 1600 Micro,nhos 
LoAD RESISTANCE . . .......... . .... 13000 11000 10200 O hms 
UNDISTORTED POWER O UTPUT . . . . . . 400 900 1600 Milliwatts 
GRID• PLATE CAPACITANCE . . . . . . . . . 8 µµf. 
GRJD•flLAMENT CAPACITANCE . . . . . . 5 µµ f. 
PLATE-FILAMENT CAPACITANCE . . . . . 4 µµf. 
M O L .S5La" AXIMUb{ VERALL ENGTH . . . . . . . . . . . . . . . . . . . . . . . . . . . 7~ 

MAXIMUM DIA}.{ETER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2~1i{;" 
Bu LD (See page 42, Fig. 10)........................... S-17 
BASF. ...... . ... . ..... . .. . ....•••.. . ............... Medi u rn 4• Pin Bayonet 

• Grid voltage& af'C given with respect to the mid,po i1)t of filament or,cn1tcd on (I.e. If d.c. ia 
used, each stated value of grid volrn~e should be <lccre,,sed by 3.75 volts and should be referred· to the 
negative end of the filament. 

INSTALLATION 

The base pins of the '10 fit the standard four-contact socket. The socket should 
be installed so that the tube \vi ii operate in a vertical position with the base down. 
For socket connections, see page 39, Fig. 1. 

The filarnent of the type '10 is usually operated from the a-c line through a 
step•do\Vn transformer. Most satisfactory operating performance of the tube will 
be obtained at the rated fila,nent voltage. 

\Vith an a•c filament supply, the grid and the plate return should be brought 
either to a mid-tapped resistor of 20 to 40 oh1ns across the filarnent \Vinding, or 
to a mid-tap on the filament winding itself. With a d·c filament supply, the grid 
and the plate return should be made to the negative filament terminal. 

Grid bias for the type '10 may be obtained fro,n a C-supply or by means of the 
voltage drop in a resistor connected in the negative plate return lead. The latter 
method is kno\vn as the self-biasing 1nethod, since the p late current determines the 
-drop. It is not, however, generally applicable to battery-operated receivers. 

APPLICATION 

As an audio power amplifier this tube should be operated under ca.nditions as 
given under CHARACTERISTICS. To prevent overloading and distortion, the recom• 
mended grid bias should always be used. Average plate characteristics (curves) are 
given on the preceding page. 
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RCA Radiotron 
UX, 112,A 

DETECTOR, AMPLIFIER 

The 112-A is an i1nproved storage battery tube. It is 
sensitive as a detector and excellent as a three-electrode 
radio-frequency and a.udio-frequency arnplifier. 

CHARACTERISTICS 

FJLA:MENT VOLTAGE (D. C .) .. .. . . . ........ . . ... . 
FILAMENT CURRENT . .... .. . .. . .. . ...... , .. . , .. 
PLATE VOLTAGE . . . . . . . . . . . . . . . . . 90 135 
GRID VOLTAGE . . . . . . . . . . . . . . . . . . -4.5 -9 
PLATE CURRENT . . . . . . . . . . . . . . . . . 5.2 6.2 
PLATE RESISTANCE . . ..... , , . . . . . . 5600 5300 
AMPLlFICATlON FACTOR .. . .. .. . .. . , 8 .5 8.5 
MUTUAL CONl>UCTANCE . . . . . . . . . . 1500 1600 
LOAD RESISTANCE . . . . . . . . . . . . . . . . 5600 8700 
UNDISTORTED PO\VER OUTPUT . . . . . 30 115 

5.0 
0 .25 
180 max. 

-1 3.5 
7 .6 

5000 
8.5 

1700 
10800 

260 
GRID-PLATE CAPACITANCE . . . . . . . . . 8.1 
GRID•FILAl'.fENT CAPACITANCE . . . . . . 4 .2 
PLATE-FILAMENT CAPACITANCE . . . . . 2.1 

Volts 
Ampere 
Volts 
Volts 
Milliarnperes 
Ohms 

Micro1nhos 
Oh1ns 
Milliv,atts 
µµf. 
µµ f. 
µµf. 

MAXIMUM OVERALL LENGTH ....... .. ....... ......... . 
MAXIMU:M DIAMETER . . . .. .... . ... . ..... . .. .......... . 
BuLD (Sec page 42, Fig. 8) ..... . ............ . ........ . 

41½{!" 
11½6" 
S-14 

BASE· · ······ · ········ · ·········· · ··· ·········· ·· ·· · lvlediu1n 4-Pin 

INS'f ALLA TION 

The base pins of the 112-A fit the standard four-contact socket. 
should be installed so that the tube will operate in a vertical position. 
of the socket in the detector stage may be desirable if microphonic 
are encountered. For socket connections, see page 39, Fig. l. 

The socket 
Cushioning 

disturbances 

The coated fila1nent employed in the 112-A may be operated conveniently fro1n 
a 6-volt storage battery. A fixed or variable resistor of suitable value is required 
to reduce the battery voltage to 5 .0 volts across the filan1ent terrninals at the socket. 
At this voltage, the most satisfactory operating perforn1ance ,viii be obtained. 

APPLICATION 

As a detector, the 112-A may be operated either ,vith grid leak and condenser or 
with grid bias. The recommended plate voltage for the former method is 45 volts. 
A grid leak of from 0. 25 to 5 n1egohms used with a grid condenser of 0 .00025 
µf. is suitable. The grid circuit re.turn should be connected to the positive filament 
terminal. 

For grid bias dctectic>n, plate voltages up to the maxi1num value of 180 volts 
rnay be used. The corresponding gdd bias should be adjusted so that the plate 
current, when no signal is being received, is about 0 .2 millia1npere. Usually, a 
plate voltage of 13 5 volts \Vith a g rid b ias of approximately -15 volts ,vill be 
satisfactory. 

As an an1plifier, the 112-A is applicable to tbe audio- or the radio-frequency 
stages of a receiver. P late voltages and the co rresponding grid voltages for audio 
ampl ifier service should be determined from the tabulated characteristics and the 
curves in o rder to ohtain optin1um performance and freedo1n fro1n distortion. T he 
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THE RCA RADIOTRON MANUAL 

higher plate voltages \vii! be found advantageous under conditions where the 
impressed grid signal is large or where maximum power output is desired. 

When the 112,A is used as a radio-frequency amplifier, little is gained from 
plate voltages exceeding 90 volts. If the 112-A is substituted for th e '01-A in 
radio-frequency circuits, it may be necessary to readjust the neutralizing condensers 
or to increase the value of the grid suppressor resistors to prevent oscillation. 

Volun1e Control of the receiver may be acco1nplish ed by variation either of the 
grid bias or the plate voltage applied to the radio-frequency stages. 

AVERAGE PLATE CHARACTERI STI CS 

TJPE 112!A 
- Ef = !i.O VOL TSO. ... 

:!: 24 
a: .., .. 
::; 
< 
...I .., 
:li 16 

.., 
!; 
...I .. 

"' ~ 

8 

0 

5 12000 

l -.., 
V 8000 

! 
"' 
"' ~ 4000 
w ... 
< 
-' .. 

I 

,i ., I 

:; 'I ~-/ ~ ~· ov (<o..q .. ~oo , ~ ., 
,;:- "'e-s ..... rY ~ ov/ / ·) , o/ r--.... < ~ 

~ V 
/ / / I'-----/ ~ '3" / ... 1,0_.... 

V / / / V --.,-
"'0 v 

V 
...._ 

- _, --- __, __,, --
40 80 120 160 200 240 

PLATE VOLTS 

AVERAGE CHARACTERISTICS AVERAGE CHARACTERISTIC~ 

TYPE 112-A 
El':5.0 VOLTS O.C. 

,, ( .--: ••• -9.'> ,.\~., 
- ;:,,, - !Y 

,--

~ 

/ 

... ~ 

~ :f" 

1, / 
/,. 
"' 

\ / _,.,, I/ 

'\ I,( '\ / ~ . / 

._o/ " ,( ' '• '-, 
·'Y '<-s ._,,, -, 

60 60 100 120 140 !00 180 
PLATE VOL 1S 

8 
2800~ 

0 

" u 
::; 

2oooe 

I 

l!: 
,: 
u 

200 5 
~ u 

~ 
400 ::> ... 

::, 
::; 

-26-

TYPE 112 -A 
Cr=!>.OVOLTS O.C. 

~ 

;:: 0 
~ 

0 • 
~ 
~ 

. 

3 • 
I 

~ • 
I " ,.t ., 

I I I 
I , I ' 

- 24 -20 - 16 - 12 -8 - 4 . 0 
GRIO VOL TS 

I 2 

0 I 

2 

0 



RCA Rodiotron 

UX,120 

POWER AMPLIFIER 

The '20 is a three,electrode, high,vacuum, power ampli, 
fier tube designed for operation from dry,cells. It is 
intended for use in the last audio stage of dry,battery, 
operated receivers using the '99 and/or '22. 

CHARACTERISTICS 

FILAMENT VOLTAGE (D. C.) ..... . ....... . 
FILAMENT CURRENT .... . ........•...... 
PLATE VOLTAGE . . . . . . . . . . . . . . . • . 90 
GRID VOLTAGE . . . . . . . . . . • . . . . . . • -16.5 
PLATE CURRENT . . . . . . . . . . • . • . . . . 3.0 

3.0•3.J 
0.125·0.132 

13 5 max. 
-22.5 

6.5 
P LATE RESISTA NCE ........ ; • . . . . . 8000 6300 
AMPLIFICATION FACTOR • . . . . . . . . . . . 3.3 3.3 
MUTUAL CoNDUCTANCI! . . . . . . . . . . 415 525 
LoAD RESISTANCE . • • . • • . . . . . . . . . . 9600 6500 
UNDISTORTED POWER OUTPUT . . . . . 45 110 
GRID·PLATI! CAPACITANCE . . . . . . . . . 4.1 
GRID•FILA1-!l!NT CAPACITANCE . . . . . . 2.0 
PLATE,FILAMl!NT CAPACITANCE . . . . . 2.3 
MAXIMU1-! OvERALL LENGTH ......•• . ...• • .•....•••..• 
MAXIM UM: DIAMETER ... . ••••••.••.. .. .. .... . . ......•. 
B ULB (See page 42, Fig. 1) .... .. .. . ... . ........•...•. 

Volts 
Ampere 
Volts 
V 1· .. o ts . 
Milliamperes 
Ohrns 

Micromhos 
Ohms 
Milliwatts 
µµf. 
µµf. 
µµf. 

41/s,, 
l 'V./, " '716 
T•8 

BAS E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S,nall 4• Pin 

INSTALLATION 

The base pins of the '20 fit the standard four,contact socket. The socket should 
be installed to operate the tube in a vertical position. For socket connections, see 
page 39, Fig. l. 

The filan1e11t in this tube is designed for operation with three No. 6 dry•cells 
connected in series. In multi•tube receivers the use of six or nine No. 6 dry,cells 
connected in series•parallel to give 4.5 volts \vii! decrease the current drain per 
cell and give a more stable source of filament power. If storage battery operation 
is preferred, a four•volt storage battery may be used. In any case, a filament 
rheostat should be provided to maintain the voltage applied to the filament within 
the stated range. 

APPLICATION 

For power amplifier service, the '20 will give greatest po\ver output \vhen oper• 
ated at a plate voltage of 135 volts and the corresponding grid bias of -22.5 volts. 
At 90 volts on the plate and with a corresponding grid bias of -16.5 volts, good 
quality of reproduction may be obtained at a lower level of power output. 

In receivers employing tubes of the 3. 3 volt filament type, the use of the '20 
in the output stage \viii be found desirable. 
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RCA Radiotron 

UX,222 

SCREEN GRID RADIO,FREQUENCY 
AMPLIFIER 

The '22 is a screen grid tube designed particularly for 
radio,frequency amplification in dry,battery,operated re, 
ceivers etnploying 3. 3 volt .fila1nent tubes. 

CI-iARACTERISTICS 

FILA.MENT \f()LTAGE (D. C.) .............. 3.3 
FILAMENT CURRENT . . . . . . . . . . . . . . . . . . . . 0 . 13 2 
PLATE VOLTAGE . . . .. . . . . . . . • . • . • 135 135 max. 

Volts 
Ampere 
Volts 

GRID VOLTAGE . . . . . . . . . . . . . . . . . . - 1.5 - 1.5 Volts 
SCREEN VOLTAGE . . . . . . . . . . . . . . . . 45* 67 .51'* 
PLATE CURRENT . . . . . . . . . . . . . . . . . 1.5 3.3 
SCREEN C URRENT . . . . . . . . . . . . . . . . . . . . . . Not over ½ of 

Volts 
Millia111peres 

plate current 
PLATE RESISTANCE ...... . .. ... . .. 850000 600000 Ohms 
r\:MPLIPICATION FACTOR . . . . . . . . . . . . 300 290 
MUTUAL CONDUCTANCE . . . . . . . . . . 350 480 
EFFECTIVE GRJD, PLATE CAPACITANCE . 0.025 1naximi.t11t 

Micrornhos 
µµ f. 

INPUT CAPACITANCE . . . . . . . . . . . . . . 3.2 
OUTPUT CAPACITANCE . . . . . . . . . . . . 12 
OVERALL L ENGTH .. ' ................ .. .. . . . . ' .. . . .. . 
MAXIMU1{ DIAMETER . ....... .. .. , ..... . . . . .... .. . . . . . 
BULB (See page 42, Pig. 11) .. . . . .................. . .. . . 
CA p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
B.J\SE . .. . ......... . . ........ . ........ .... . .. ... . . .. . 

* Maximum value of grid resistor is 5 .0 megohms. 
t* M aximum value of grid resistor is 1.0 megohm. 

INSTALLATION 

µµ f. 
[tµ.f. 

4?"( " " IL " - '}.\2 to :> , a2 
113/io" 
S,14 

S1nall Metal 
Medium 4-Pin 

The base pins of the '22 fit the standard four-contact socket. The socket should 
be installed to hold the tube in a vertical position. Cushioning of the socket may 
be desirable to avoid microphonic disturbances. For socket connections, see page 
39, Figure 4. 

For filament operation, refer to I NSTALLATION for type '20. 

APPLICATION 

As a radio-frequency amplifier in 1nulti,stage circuits, it is necessary to shield 
carefully each stage and to include within the stage shield a ll of the component 
parts of that stage. Unless this is done, the amplification possibi lities of the '22 
cannot be realized. 

As an audio-frequency an1plifier, this tube may be operated \vith either the screen, 
grid or space,charge,grid connection. In either case, the value o f plate coupling 
resistor should be of fro1n 100000 to 250000 ohms. \Vith the screen-grid ar, 
rangement, a plate supply voltage of 13 5 to 180 volts applied through the coupling 
resistor is reco1nmended. Under these conditions, a screen voltage of 22.5 volts 
and a negative grid voltage of 0.75 to 1.5 volts are suitable. For the space-charge, 
grid connection, the inner g rid is operated at 22.5 volts, ,vhile the outer grid be, 
comes the control grid and is biased negatively by irom O to l. S volts, depending 
upon conditions of operation. 
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RCA Rodiotron 

UY,224,A 

SCREEN GRID RADIO-FREQUENCY 
AMPLIFIER 

The '24, A is a screen grid amplifier tube cont,t1n1ng 
a 2.5 volt uni-potential heater-cathode \vhich permits 
operation from alternating current. This tube is recom, 

mended for use primarily as a radio-frequency amplifier in carefully shielded 
circuits especially designed for it. The '24-A may also be used as a screen 
grid detector or audio amplifier. 

CHARACTERISTICS 

HEATER VOLTAGE (A. C. 0( D. C .) .. '' ' ' ''.''.''' 2.5 
HEATER CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.75 
PLATE VOLTAGE* . • . . . . . . . . . . . . . . 180 250 
GRID VOLTAGE . . . . . . . . . . . . . . . . . . -3 -3 

Volts 
Amperes 
Volts 
Volts 

SCREEN VOLTAGE . . . . . . . . . . . . . . . . 90 90 ?rl(lX. Volts 
Milliamperes 

plate current 
Ohms 

PLATE CURR ENT . . . . . . . . . . . . . . . . . 4 4 
SCREEN CURRENT . . . . . . . . . . . . . . . . . . . . . . Not over ½ of 
Pl, ATE RESISTANCE .... , , , , , ...... 400000 600000 
1'\1.,.1p1.,1FICATION FACTOR . . . . . . . . . . . . 400 615 
MUTUAL COND UCTANCE . , .. , .... , 1000 1025 
EFFECTIVE GRID·PLATE CAPACITANCE. 0 .01 n1aximun1 

Micromhos 
µµf. 

INPUT CAPACITANCE .... , , .. , ... , . 5.0 
O UTPUT CAPACITANCE , , . . .. . . . , . . 10.0 
0vERALL LENGTH ... , .. . .. .. ...... .. ... . , . , ... , , ... . 
MAXIMUM D IAMETER .. . .... .......... . .. .. .. . .. , , . .. . 
BULB ( See page 42, Pig. 1 I) ......................... . 
CAP . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 
B.i\SE . ... ...................... . 

* h.-{aximum plate voltage = 27 5 volts. 

INS'f ALLATION 

µµf. 
µµf. 

42f),fiz" to 5¼2" 
11110" 
S,J 4 

Small Metal 
11ed.ium 5 ·Pin 

The base pins of the '24·A fit th e standard five•contact socket. T he socket may 
be installed to operate the tube in any position. Po( socket connections, see page 
39, Fig. 9. 

The heater of the '24,A is intended for operation f rom a 2.5 volt ,vinding of the 
pov:er transformer. The voltage applied to the heater ternlinals should be the 
rated value of 2 .5 volts under conditions of operating load and average line 
voltage. 

The cathode connection to the heate( should be made ( l) to the movable arm 
of a potentiometer connected across the heater ,vinding o f the power transfonner, 
or ( 2) to a mid-tapped resistor across the heater winding, or ( 3) to the mid,point 
o f t he heater ,vinding itself . Reconunended practice is to have no voltage dif, 
ference between heate( and cathode. If this practice is not follo,;ved , the heater 
may be made negative by not more than 45 volts . 

The positive screen voltage for the '24-A may be obtained from a fixed or variable 
tap on a voltage divider across the high v()!tage supply, or across a ponion of the 
supply. 

Co1nplete shielding in all stages of the circuit is necessary if 1naximum gain per 
stage is to be obtained . 
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APPLICATION 

As a radio-frequency amplifier, the '24-A should be operated at the voltages 
given under CHARACTERISTICS. Plate voltage and screen voltage are not critical. 
In general, properly designed radio-frequency transformers are preferable to inter, 
stage coupling impedances, especially in cases \Vhere a high impedance B,supply 
may cause oscillation below radio frequencies. 

As a detector, the '24-A may be operated either with grid leak and condenser 
or with grid bias (see page 16). For g(id bias detection suitable operating con, 
ditions are: plate supply voltage of 27 5 volts applied through a plate coupling 
resistor of 250000 ohms, a positive screen voltage of 20 to 45 volts, and a negative 
grid bias (approximately 5 volts) so adjusted that a plate current of 0.1 mi lliam, 
pere is obtained with no a,c input signal. For grid leak and condenser detection, 
suitable operating conditions are: plate supply voltage 275 volts applied through 
a plate coupling resistor of 250000 ohms, a positive screen voltage of 20 to 45 
volts, a grid leak of 2 to 5 megohms, and a grid condenser of 0.00025 µf. 

As a screen grid audio-frequency atnplifier in resistance coupled ciccuits, the 
'24,A may be operated under the following conditions: plate supply voltage 250, 
grid bias -1 volt, screen voltage 25 volts, plate current 0.5 milliampere (approxi, 
mate), plate load resistor 0.1 to 0.25 megohm, and a gdd resistor of 0.25 to 2.0 
megohms. · 
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RCA Radiotron 

UX/226 

AMPLIFIER 

The '26 is an amplifier tube containing a filan1ent de, 
signed for operation on alternating current. It is useful 
as a radio-frequency an1plifier and as a transformer, 
coupled audio-frequency ctmplifier. The '26 is not ordi, 

narily suitable for use as a detector or power output tube. 

CHARACTERISTICS 

f ILA)vfENT VOLTAGE (A. C . or D. C .)............. 1.5 
FILA}.,!ENT CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.05 
PLATE VOLTAGE . . . . . . . . . . . . . . . . . 90 135 180 max. 

Volts 
Amperes 
Volts 

GRID \lOLTAGE* . . . . . . . . . . . . . . . . . . -7 -10 -14.5 
PLATE CURRENT . . . . . . . . . . . . . . . . . 2.9 5.5 6.2 
PLATE RESISTANCE . • . . . . . . . . . . . . . 8900 7600 7300 
AMPLIFICATION FACTOR . . . . . . . . . . . . 8.3 8.3 8 .3 
MUTUAL CONDUCTANC!l . . . . . . . . . . 93 5 1100 1150 
GRID-PLATE CAPACITANCE . . . . . . . . . 8 .1 
Giuo,FILAMENT CAPACITANCE . . . . . . 3.S 
PLATE•FILAMBNT CAPACITANCE . . . . . 2.2 
MAXIM UM OVERALL LENGTH . .. ............... .. .... . . 
MAXIMUM DIAMETER . . .............................. . 
BULB (See page 42, Fig. 8) . ....... . . . ............... . . 
BA s E • . • • • • • . • • • • • . • • • • • • • • • • • • • • . • . . . . . . . . . . . . . . . . . 

• Grid voltage measured from mid•poiot of a•c operated lilameot. 

INSTALLATION 

Volts 
Millia,nperes 
Oh,ns 

Micro,nhos 
µµf . 
µµf. 
µ.µ,f. 

41½o" 
113/ie" 
S-14 

Medium 4-Pin 

The base pins of the '26 fit the standard four-contact socket. The socket should 
be installed so that the tube will operate in a vertical position. For socket connec
tions, see page 39, Fig. 1. 

The coated fila,nent of the '26 should be operated at the rated voltage of 1.5 
volts from the a•c line .through a step-down transformer. For certain applications, 
it may be operated \vith a d•c filament po,ver source. 

When the filament is a,c operated, the plate and grid return lead should be 
brought ( 1) to the movable arm of a 20 to 40 oh1n potentio1neter across the fila, 
ment winding, or (2) to the mid,tap of the filament winding itself. \Vhen d .c. 
is used to operate the filament, the grid and plate returns should be connected to 
the negative filament terminal. 

APPLICATION 

As an audio-frequency an1plifier, the '26 should be used with transformer coupling 
in order to secure the greatest ampl ification per stage. 

As a radio-frequency amplifier, the '26 may be operated at plate voltages as low 
as 90 volts \Vith good results, 
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AVERAGE PLATE CHARACT ERISTICS 
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RCA Radiotron 

UY,227 

DETECTOR, AMPLIFIER 

The '27 is a three,electrode general purpose tube con, 
taining a 2.5 volt heater,cathode of the equi,potential 
type which per1nits operation fro1n alternating current. 

CHARACTERISTICS 

HEAT ER V OLTAG E (A. C. or D. C.) . . • ... ...... ... 
H EATER C URRENT . .. ..... . .. .. ..... .•. . . ...... 
PLATE VO LTAGE* . . . . . . . . . . 90 135 180 
GRID VO LTAGE . . . . . . . . . . . . - 6 - 9 -13 .5 
PLATE CURRENT • . . . . . . . . . • 2.7 4.5 5.0 
PLATE RESIST ANCE .. . ..... l 1000 9000 9000 
;\M PLIFICATION FACTOR . . . . . 9 9 9 
MuTtJAL CONDUCTANCE . . . . 820 I 000 1000 
G RID•P LATE CAPACITANCE . . . . . . . . . 3.3 
GRID•CATHODE CAP.~CITANCE . . . . . . 3.5 

2.5 
1.7 5 
250 
-21 
5.2 

9250 
9 

975 

PLAT E•CATHODB CAPACITANCE . . . . . 3.0 
MA XIMUl\1 OVERALL LENGTH .... . ...... . . . .. . . ....... . 
MA XIMUM D JAJ.{ETER . . .. ..... ... . . ... . ...... . ..... .. . 
BULB (Sec page 42, Fig. 8) ... .. ......... • ............ . 
B.~SE ......... .. .... . ...... . ............ . • • • •• ••••• • 

• Maximum plate voltage = 275 volts . 

INSTALLATION 

Volts 
Amperes 
Volts 
Volts 
Milliarn pc res 
Ohms 

Micrornhos 
1irif. 
µµf. 
ftftf. 

41½6" 
113/i 611 

S· l 4 
l:vledium 5,Pjn 

1"he base pins of the '2 7 fi t the standard five-contact socket. 1'he socket n1ay be 
rnounted to hold the tube in any position. For socket connections, see page 39, 
Fig. 8. 

The heate1· of the ' 27 is in tended for operation from a 2.5 volt winding of the 
power transformer. The voltage applied to the heater terminals should be the rated 
value of 2.5 volts under conditions of operation and average line voltage. 

The cathode connection to the heater should be made ( 1) to t he movable arm 
of a potention1eter connected across the heater \v inding of the po\ver transformer, 
or ( 2) to a mid•tapped resistor across the heater vvinding, or ( 3) to the mid•point 
of th e heater winding itself. Reco,n,nended practice is to have no potential di f· 
ference bet\veen heater and cathode. If this practice is not follo\ved, the heater 
may be biased preferably negative, but allo\\'ably positive, \vith respect to the 
cathode by not more than 45 volts . 

APPLICATION 
i\s an an1plifier, the '27 is applicable to the 

of a receiver. Recommended plate and 
CHARACTERISTICS. 

audio• or the radio•frequency 
grid voltages are shown 

stages 
under 

As a detector, the '27 Jnay be operated either with grid leak and condenser or 
v,ith grid bias. The recom1nended plate voltage for grid leak and condenser detec, 
tions is 45 volts (see page 16) . A grid leak of from 1 to 5 megohms used \Vith 
a grid condenser of 0.00025µf. is suitable. For grid bias detection, a plate voltage 
of 250 volts or less ,nay be used. T he corresponding grid bias should be adjusted 
so that the p late current \vhen no signal is being received is approximately 0.2 
millia1npere. For the conditions of 250 volts on plate and transformer coupling, 
t he grid bias \vill he approxi,na tely -30 volts. 
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RCA Radlotron 
RCA-230 

DETECTOR, AMPLIFIER 
The '30 is a detector and amplifier tube of the three-electrode 

type. It has a coated fila1nent which takes as little p\'.)wer as pos
sible consistent with satisfactory operating performance . This fea
ture makes the '30 particularly suitable in battery-operated radio 
receivers ernploying the '32, '34, '31, and/or '33 \Vhere. economy of 
filament current drain is important. 

CHARACTERISTICS 
FILAMENT VOLTAGE (D. C.) ................... . 
FILAMENT CURRENT ............•.............. 
PLATE VOLTAGE . . . . . . . . . . . . . . . . . . 90 135 
GRID VOLTAGE . . . . . . . . . . . . . . . . . . . - 4.5 - 9 
PLATE CURRENT . . . . . . . . . . . . . . . . . . 2.5 3.0 
PLATE RESISTANCE ............... l l.000 10300 
AMPLJFJCATION fACl'OR . . . . . . . . . . . . 9.3 9.3 

2.0 
0.060 

180 max. 
-13.5 

3.1 
10300 

9 .3 
MUTUAL CoNDUCTANCB . . . . . . . . . . . 850 900 
GRID-PLATE CAPACITANCE . . . . . . . . . 6.0 
GR!D•FlLA!vlENT CAPACITANCE . . . . . . 3.7 

900 

PLATE-FILAMENT CAPACITANCE . . . . . 2.1 
MAXI}-.fUM OVERALL LENGTH .......................... . 
MAXIM UM DJAMETER .................... . .......... . . 
BuLD (See page 42, Fig. 6) ............ ... ............ . 

Volts 
Ampere 
Volts 
Volts 
Milliamperes 
Ohms 

Micro1nhos 
µµ.f. 
µ.µ.f. 
µµ.f. 

4¼" 
l o/io" 
s-12 

B.A..SE .•....•..........•.•.•..•.•• . ... .. ....... . • ...•. Sinai! 4-Pin 

INSTALLATION 
The base pins of the '30 fit t he standard four•contact socket. The socket should 

be installed so that the tube \viii operate in a vertical position. Cushioning of the 
socket in the detector stage may be desirable if microphonic disturbances are 
encountered. For socket connections, see page 39, Pig. 1. 

The coated filainent of the '30 may be operated conveniently from dry-cells, from 
a single lead storage-cell, or from an air-cell battery. For dry•cell operation, a fila• 
ment rheostat may be used together \Vith a permanently installed voltmeter to insure 
the proper filament voltage. For operation from a 2·volt lead storage-cell, the ' 30 
requires no filament resistor. Operation with an air•cell battery requires a fixed 
resistor in the filament circuit. This resistor should have a value such that with a 
new air,cell battery, the voltage applied across the filan1ent terrninals \viii not 
initially exceed 2. 15 volts. Series operation of the filaments o,f these tubes is not 
recommended. 

APPLICATION 
.A..s a detector, the '30 1nay be operated either with gdd leak and condenser or 

with grid bias. The plate voltage for the former method should preferably not be 
n1ore than 45 volts. A grid leak of from I to 5 megohms used with a grid con• 
denser of 0.00025 µ.f. is satisfactory. The grid return should be connected to the 
positive filament socket tenninal. For gdd bias detection, plate voltages up to the 
maximum value of 180 volts may be used. The corresponding grid bias should be 
adjusted so that the plate current is about 0.2 milliampere \vhen no signal is being 
received. 

As an au1plifier, the '30 is applicable to the audio• and the radio-frequency stages 
of a receiver. Plate voltages and the corresponding grid voltages should be deter
mined from the CHARACTERISTICS and the curves in order to obtain optimum per• 
formance and freedom from distortion. : 

As an oscillator, this tube 1nay be used at plate voltages not exceeding 45 volts. 
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RCA Radiotron 
RCA,231 

POWER AMPLIFIER 

,vhere 

The '31 is a pO\Ver ainplifier tube of the three,electrode 
type. It has a coated filament which takes as little pov.,er as 
possible consistent ,vith satisfactory operating perforrnance. 
This feature Inakes the '31 particularly suitable in battery, 
operated radio receivers employing the '30, '32, and/or '34 

econon1y of filament current drain is i1nportant. 

CHARACTERISTICS 
FILAMENT VOLTAGE (D. C.) ................... . 
FILAMENT CURRENT .. ...... .. ............. .. . . 
PLATE VOLTAGE . . . . . . . . . . . . . . . . . . 135 
GRID VOLTAGE . . . . . . . . . . . . . . . . . . . - 22.S 
PLATE CURRENT . . . . . . . . . . . . . . . . . . 8.0 
PLATE R ESISTANCE . . . . . . . . . . . . . . . 4100 
AMPLIFICATION FACTOR . . . . . . . . . . . . 3.8 
MUTUAL CoNDUCTANCE . . . . . . . . . . . 925 
LOAD RESISTANCE . . . . . . . . . . . . . . . . 7000 

2.0 
0.130 

180 niax. 
-30 
12.3 

3600 

UNDISTORTED PO\VER O UTPUT . . . . . 185 
GRID-PLATE CAPACITANCE . . . . . . . . . 5.7 
GRID-FILAMENT CAPACITANCE . . . . . . 3.7 

3 .8 
1050 
5700 

375 

PLATE,FlLAMENT CAPACITANCE . . . . . 2.2 
MAXIl-.·IUM OvERAtL LENGTH ...................... . ... . 
MAXIMUM D IA METER ............... ...... ........ . .. . 
BULB (See page 42, Fig. 6) .... ........ .... . . .... ... .. . 

Volts 
r\mpere 
Volts 
Volts 
Milliamperes 
Ohms 

Micromhos 
Oluns 
Milli,vatts 
µµf. 
µµf. 
itµ f. 

4 ¼" 
1 o/i 6" 
S,12 

BA s fl . . . . . . . . . . • • . . • . . . • . . . • • . . • . . . . . • . . . . . . • . • . . . . . . Small 4-Pin 

INSTALLATION 
The base p ins of the '31 fit the standa(d four-contact socket. The socket should 

be installed s<) that the tube \Viii operate in a vertical position. Although the '31 is 
very f ree from niicrophonic distu rbances, cushioning of its socket may be desirable. 
For socket connections, see page 3 9, Fig. 1. 

T he co,1ted filament of the '31 niay be operated conveniently from d ry-cells, from 
a single lead storage-cell, or frorn an air,cell battery. For dry,cell operation, a fila, 
,nent rheostat may be used together with a permanently installed voltmeter to insure 
the proper filamen t voltage. For operation from a 2-volt lead storage-cell, the '31 
requires no fihunent resistor. Operation with an air-cell battery requires a fixed 
resistor in the filam ent circu it. T his resistor should have a value such that \vith a 
new air,cell battery, the voltage applied across the filament terrninals ,,,.ill not 
initially exceed 2.1 S volts. Series operation of the filaments of these tubes is not 
reconimended. 

APPLICATION 

As a power an1plifier, the '31 should be operated as shov,n under Ctt ARAC' 
TRRlSTICS. 

Grid voltage for the '31 may be obtained from a C-battery, or by use of the 
voltage drop in a resistor connected in the negative plate return lead. The latter 
,nethod is known as the self,biasing rnethod and is required where a grid resistor 
(maximum value 1 ,negohm) is used. 

If more output is desired than can be obtained fro1n a sing le '31, two '31 's may 
be operated either in parallel or push-pull connection. Average plate characteristics 
(curves) are given on the prece.ding page. 
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RCA Rodiotron 

RCA,232 

RADIO-FREQUENCY AMPLIFIER 

The '32 is a screen grid tube recommended pri1narily for 
use as a radio-frequency amplifier. It contains a coated fila
ment ,vhich takes as little povJer as possible consistent \vith 
satisfactory operating performance. This feature 1nakes the 

'3 2 particularly suitable in battery-operated radio receivers employing the 
'34, '31, and/or '33 ,vhere economy of filament current drain is important. 

CHARACTERISTICS 

FILA:MENT VOLTAGE (D. C.) . . . . . . . . . . . . . . . . . . . . 2.0 
FlLAl\,fENT CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.060 
PLATE VOLTAGE . . . . . . . . . . . . . . . . . . 13 5 180111ax. 

Vole:.,; 
i\mpcre 
Volts 

SCREEN VOLTAGE . . . . . . . . . . . . . . . . 67 .5 67.5 111ax. Volts 
GRID VOLTAGE . . . . . . . . . . . . . . . . . . . - 3 - 3 
PLATE CURRENT . . . . . . . . . . . . . . . . . . 1.7 1.7 
SCREEN CURRENT (l\1axi1nu1n) . . . . . 0.4 0.4 
P LATE RESISTANCE ............... 950000 1200000 
AMPLIFICATION FACTOR . . . . . . . . . . . . 610 780 
MUTUAL CONDUCTANCE . . . . . . . . . . . 640 650 
EFFECTIVE GRID-PLATE CAPACJT ,, KCE. 0.0 l 5 maxi,num 
INPUT CAPACITANCE . . . . . . . . . . . . . . 6.0 
0VTPUT CAPACITANCE . . . . . . . . . . . . l l.7 
OVERALL LENGTH .... ... .. . . . . ..... . .... • ... .. . .. . . . . 
MAXIMUM D IAl\,{ETP.R ... . .... • .. • .. . .. . . . .. ...... . . . . . 
BULB (See page 42, Fig. I l ) . ... .... .. . . . .. . ........ . .. . 
C.I\ P . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . • • . • . . • . . . . . . . . . . . 

BASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

INSTALLATION 

Volts 
Millia1nperes 
Milliampere 
Ohn1s 

Micromhos ,,,tf. 
1.q,1.(. 
µµf. 

2" " 51 ' ,, 4 ~ l2 to ,32 
113/ ,, ,16 
S-14 

Srnall l\1etal 
Medium 4-Pin 

The base pins of the '3 2 fit the standard four-contact socket. The socket should 
be installed so that the tube \viii operate in a vertical position. A lthough the ' 3 2 
is very free from microphonic disturbances, cushioning of its socket may be found 
desirable. For socket connections, see page 39, Fig. 4. 

The coated filan1ent of the '32. may be operated conveniently fro1n dry-cells, 
from a single lead storage-cell, or from an air-cell battery. For dry-cell operation, 
a filament rheostat should be used togeth er \vith a perinanently installed voltmeter 
to insure the proper filament voltage. For operation fro1n a 2.-volt lead storage-cell, 
the '32. requires no filament resistor. Operation with an air-cell battery requires a 
fixed resistor in the filament circuit. T his resistor should have a value such that 
\Vith a ne,v air-cell battery, the voltage applied across the fila1nent ter1ninals will 
not initially exceed 2.15 volts. Series ope-ration of the fi.laments of these tubes is 
not recom.111ended. 

The positive screen voltage n1ay be obtained fron1 a tap on the plate battery or a 
bleeder circuit across the supply battery in part or in full. Never attempt to 
obtain the screen voltage for the '32. by connecting the screen through a series 
resistor to a high voltage source. The results \Vil! not be satisfactory because of 
voltage drop variation produced by the different screen cur rents of individual tubes. 

Volun1e control may be very satisfactorily accomplished by variation of the screen 
voltage between O and 67.5 volts. The variation must, however, be accon1plished 

(Continued on Page 43) 
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Socket Connectio11s for RCA Radiotrons 
T h ese socket connection diagrams are to be used in conj unction \Vith either the 

text, or the consolidated CHARACTERISTICS CHART. The correct socket connection 
for each t ube is identified by a figure number which is given under INSTALLATION 
of each tube description and under Socket Connections of the CHARACTERISTICS 
CHART. 
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RCA RADIOTRON CHARAC'fERISTICS CHAR'f 
DETECTORS AND AMPLIFIERS 

SOCKET DIMENSIONS NEGATIVE PLAT! SCREEN AC MUTUAL OHMS POWER 

CONNEC· MAX. 
RATING PLATE GRID BIAS CUR- CUR- PLATE 

c·oN- VOLTAGE LOAD OUT• 

TYP< PUP.POSE BASE TIONS OVERALL CATHODE SUP- VOLTS SCREEN RENT RENT RESIS- DUC- AMPLIFI• FOR PUT 
TYPE fl UMOil (OR HUTER) ,utc $<:REEH PLY VOLTS MILLI• MILLI• 

TANCE CATION STATED 
SEE ~AX. MU. VOLTS 

TANCE 
MICRO- FACTOR 

MILLI· 

M.\l'U4l LUiGTH OIAW. \'O LTS \ 'OLTS 
DC AC AMP. AMP. OHMS 

POWER WATTS 
PACE 39 

VOLTS AMP[AU SUPl'LY OH Fil. OH FIL, MHOS OUTPUT 

ux ., oo-A OET£CT01t MEDIUM 4-IIN rn:. I 4,t¼ \' 1.lr.V' Fl l,OilE"!.J 5.0 0 .2s oc 45 • S 
Grid Return to 1.5 30000 666 20 

" 
- - (-) F:lamtnt - - -- --

UX -201-A UCT( CTOR. JI. MEOIU.W t •PIN fl(i, I •tt· 1+1 ... FIU .. W[ln s.o 0. 2s 0 C 135 
90 • . s 2 . 5 11000 725 8.0 

A-Wl'l lrlEff - 135 9 .0 -- - - 3.0 -- 10000 800 8.0 -- - -
\VD. I I DETi CToR. • WO 4-il li m.n •¼' I f, • 90 4.$ 2.5 JSSOO <25 6 .6 

wx- 12 A,.WPllrltA • MEDIUM 4•PIH f lC, I 4½¼"' ,;t. fllANEHT l.l 0.2s oc 135 -- 135 10,5 - - - 3.0 - 1$000 440 6 .6 - -
1, 

UX - 11 2-A onEtTOR, ¥ Wlc!Oll/M t •PIH FIC. I 4f¼" iH ... flUM(IIT 5.0 0.2s D C 180 
90 4 .S 5.2 5600 1S00 s.s 

J.IULIFIE.R - 135 9.0 -- - 6.2 - - S300 1600 8. 5 - - --

ux -122 RAD IO FREQ, MEDIUM 4-PIH f l t. 4 s f1. " •tr fl LAMENT 3 .3 0 , 132 oc 135 61-5 
IJS 1. 5 '5 1.5 • 850000 350 300 

A.Ml'l.lflE.ft 135 1. 5 - 6i, S 3 .3 ~0000 ,so Z90 - -
UY •224-A IMOIO fR[z. MEDIUM S-,Ul rlG. 9 sf.,' t H"' HUTER 2-5 1. 15 

A Cu 215 90 160 J . O 3.0 90 • .o • <100000 1000 -oo 
AMl'llfl( DC ,so 3 .0 3,0 90 , .o 600000 1025 615 -- --

UY -Z24·A 814SEO MEDIUM G-P IN fl C, 9 5n·' 11¾' HEUER 2.5 J.75 
AC o, 

215 90 2'51 
5 5 20 t<> Pltitc current to be adjui;t«J t<> 0 , 1 m.i!li;m:pere 

DU(CTOR DC approx. ~pprox. 45 with ::o :,ignt:11. 

90 6.0 , .o , .. 8900 935 8 .3 

ux •226 AMl'LIFl t:11 M(OIU.W 4•PIN flG . I '-t!' •H, fllAM[NT LS I.OS ,\ C ')I 180 - - 135 9.0 10.0 - s.s - 7600 1100 8.3 - - -
D< 180 13.S 14.S 6.2 7300 11S0 8.3 

90 6 .0 6 .0 ,., 11000 820 9.0 

UY -227 .a.w, unca M[DIUM !.•IIN rn:. a 4¾"· 1tV Ht.\lUt ,.s I. 75 A C u 21$ 
135 9 .0 9.0 4.S 9000 1000 9.0 

D C -- 180 13, S 1J , 5 -- 5.0 - - 9000 JOOO 9.0 -- -
250 21.0 :u .o s .2 9250 91S 9.0 

UY -227 6USEO" M[OU?.C 5-PIH flG. 8 4 U ' 1 a ... Ht.AHR 2.s 1.15 • c or 275 - - 250} 
30, 0 30,0 P late current to be 11-djustcd to 0. 2 milliampere 

OEiECtCR 
u< - -

" ' 
approx. npJ>roX. with no sir.nal. 

o£TCCTCA, ,,. 
90 <1.5 2.s llOOO 850 9 .:i 

RCA-230 M[OIUW 4•PIN f lC. I 4¼" i "(g" m.umn 2.0 0.06 oc 180 - - IJS 9.0 - - -- 3.0 - - 10300 900 9 . 3 -
A.lo!Pllflt:R 

-·-
180 13.S 3. I 10300 900 9 .3 

RCA-Y.32 R.\010 flll'.Q. MtOIUM 4-,PI~ FIG, 4 st,' 1 ti,. fl UMENf 2.0 0 .06 oc 180 61 -5 
133 3.0 61 .S 1.1 0.4 l 950000 640 610 

AWPW'1( 8: 180 3 .Q -- 61 .S Li' max. J 1200000 650 780 -- --

RCA-232 BIU[O M!'.OIUt.4 4-,IN rn:." ct,, ' •ti' flUMCNf 2.0 0 .06 oc 180 (>7 . 5 114)( • 6 1 . S 
Pl:u e current to be ad j\l:.ted to O. 2 millimnpeJ·e 

oUECTOR , . - -opp tox . with no si~ iaL 

(>1 , 5 3.0 67 .s 2. 7 I.I 400000 560 224 

RCA-234 SUl'[R· COh'TltOL MCOIUM 4.J>lli FIG. 4 sf.!" t ti·" f lll\.WEh'l , .o 0. 06 DC 180 67.S 135 min. - 67,$ , .• 1.0 600000 600 360 -- --
ft•f AMl'LIFIU ' 180 67.$ 2 .8 1.0 1000000 620 620 

RCA-235 $VPER<COHTJtOI. M£011!W 6-PIN flC. 9 . /,. 1{-¾ " H01C.lt 2 . s l . 75 A C"' 275 90 
180 1. 5 LS 15 s.s 2.5 350000 1100 385 

R-f A.WPU FICR 
,, 0 C 250 J . O 3.0 90 6.5 Z.5 350000 1050 3;0 -

RCA-'.?36 A.4010 f &:£Q. SMA\.1. $-PIN FIG, 9 •hi' t/ ,;··" HUTER 6.3 0.3 DC 180 90 
135 I .S - 67.S ,.o f I. 7 l 300000 1050 315 

AMPUF1£R 
,. 180 3.0 90 3. I l m;u . { 350000 1050 370 -- --

RCA-236 
81.1,5£0 S!,U,ll. !i·Plli fl C. 9 4t.} " 1-&-" HEUUI 6.3 o.J DC 180 (>7 . S 1J5 t 

6 ,0 67.S 
n atc ci.u-rr nt to be mlJu:ited to O, l t'l'l.illi.:unpere 

OET(CTOR 
--;JJ)!>fOX, wi th no si1 ,~at 

90 6 .0 2 .6 11500 i'SO 9.0 

RCA-237 A_'dl'llF1ER \,.\l~ll. 5-Pl li flG.8 ~ I ·" 
,..,.. HUTCR 6.3 0.3 oc 180 -- 135 9 .0 - -- 4.3 - - 10000 900 9.0 -- --

••• 180 JJ . $ , . 7 10000 900 9.0 

RCA-Y.li 811.!,(0 • $WJ.l.l !.•Pllf flC . 8, , 1• 1 ..'1..·" IIEAT[R .. , 0.3 oc 180 
90 10 .0 Pla te currc-nt to be udju:;ted to O, 2 millismpC'rc 

DU(trOR 
- !JS lS.S - - -

' 
,,. wit h no si~ la!. 

SUPCll•OOIHilOl 
90 3.0 90 ,., 1.3 37$000 960 360 

RCA-~39 SWAll 5-PIH FIG. 9 4 H _.. l ,\ " HEATER 6.3 0.3 oc 180 90 ns 3.0 - - 90 4.4 1.2 5-10000 980 530 
11,r Al.!P l lf l( II 

,, -- - -
180 3.0 90 , .s 1.2 750000 1000 750 

•• 

. 

ux -?40 \'01.UGC NEDIUI £•PIN flC, I .:;U _.. 1 :-t " flV.N[HT s.o 0 .25 oc 180 - - 1351 1.5 - - - .. , -- 150000 200 30 

A.Ml'L111ER " 
1801 3.0 0.2 1S0000 200 30 -- --

RCA· 56 ,\.M.l'LlrtER ~'do\ll 5-PIN rn;.a 1 I N I ' • HU.TEA 2.5 1. 0 Ac or 250 - 250 13 .s n.s s.o 9500 H SO JJ.8 

"• n; ., - - - - --

RCA· 56 ll1A.$ i:O • i'd.\lL S<PIN nc.i •'' l :, ,. HEATER 2.5 1.0 
AC 01 250 - - 250§ 20 ,0 P1.itc n!rrtt1l l• be sdju ,t¢d tQ 0.2 mm:iu)\~>~~c 

OEHtTOR • ,. oc 111,;)r<>ll.. approx . - - with no :;iem:1. • .. 
RCA• 57 

RADIO fACQ, SNAll 6-f'lli f lG, II • ''-½' ,,.. ' tl[Al[Jl 2-5 1.0 A Cot 250 IOQ 250 3 .0 3.0 100 2.0 
1.0 ~xtei:ds 12,s c,xcc-tds -- - -

AHJllrlUI 
,, oe m RX. L S men. )500 

-~ •- .- ,.l 
' 



RCA- 57 BIAH I> SMlll li•PIH rl(; . II OETEtTOfl 
., . ,. 

-1;i; 1,\ " H[ Af[R 2.5 1 .o A C M ,so JOO 'liSt 6 .0 6 .0 100 Pli1tc current to be e.djos-tcd to O.J n,illiftmpc-re 
oc appr<>x. :q, proX. with no sii naJ. 

RCA· 58 $VPEM i01UltOL 4tr· I " ' HC>.1£R 2. 5 1.0 .A c or 2$0 100 250 3.0 3 .0 100 8 . 2 J.O 800000 1600 1260 
fl .f A..\IP llflCA tJG. 11 " DC - ··-i \l ALL 6-PI~ l'l'::l.,C , 

UV - 199 OCT[CTOII , 4 SMALLH-:ua rlG. 10 3i" l rr. V 
FIUM[lil 3 .3 0 . 06) 

A.\IPllflER .i. ., If, .• DC 
ux - !99 ~\I.UL 4·PIN f l t, I '· 

90 - 90 4. 5 -- -- 2-S -- 15500 425 6 . 6 ·-- --
• Fo r ( i nd•!eak Detccti<>:t- !Ji:l.lt volu 45. gri(I return to + ftlome:lt or t o cathode-. ~Apj>lied through plate cou pling resi.:st<;r of 50000 ohms. . 

f Appli .:<! throup,h p b tc t-'Oupi!n.g r<"si.sto r o! 2$0000 ul-uns. 1AJ>p1ied tl'.1-oug..\ plate cot1plint re:;i:itor of 2SO-OOO Ohn\$ or SOO henry choke shuatcd by 0.2S mcgohn) resistor. 
'Sc;:cen current n<.>-t o •,er ½ of plate curren t. xApp'.itd th.rough plate oouplitig rc:<:!'llOI' of 100000 o hms. 

POWER AMPLIFIERS 
250 \8.0 22 .() 10 .0 6000 1330 8 .0 130()() ,oo 

RCA-'.llO l'OWER MCOIUM .S•PIS FIC. I sl' , ,,, K 
FllUIENT , .s J.2S AC or '25 - 350 27 .0 31.0 - 16 ,0 -- SI SO ISSO 8.0 1!000 900 

AWJ'LIFIER oc ,,- 35 .0 39.0 18,0 500-0 1600 8.0 10200 _, 1600 

UX -112-A POVl[ R MEDIUM 4,PIN FIG, I . l ' .• 1 {¾ er fl UMEHT s.o O. ZS ., 180 
135 9 . 0 6 .2 5300 1{>00 s.5 81()() ll5 

AMl'l lfl(R ., ' -- 180 13, $ - -- 7.6 -- 5000 l700 tL5 10800 260 

ux - 120 
POi'o'[ft , 1" !ft" FIUM(NY 3 . 3 o. 1321 oc 13S 

90 16-5 3.0 80-0-0 '15 3.3 9600 ,s 
A..\ll'UFIER SM.\Ll 4•PIN fl C. l - 135 22 . 5 -- -- 6.S -· 6300 S2S 3 .3 65-00 110 

RCA-23 1 POWER 

' '" I 'l ·" nu.,,m,•, i .O o. 13('1 DC 180 135 21.S 8.0 4100 925 3 .8 ,ooo 185 
,\\IPUFl[ll $MALL 4-PlN rn~. I -- 180 30.0 - - - 12. 3 -- 3600 10SO J . 8 5700 

' .~ :ns. 

RCA-233 PO'W(A MEDIUM r .. PIN rtG. 6 4 I ~ " 1.U '·' Fll.AW[Nl 2.0 0 -26 oc 135 135 13S 13 , S -- 135 14. 5 3 .0 50000 1450 70 1000 700 
AWPLln[R " .. 

RCA-7J8 POW(R SN.Al l ?.· Pih' FIG., 4 lf' Jn. H0l'£.R 6.3 0.3 DC 135 13$ 13S iJ. S -- 135 9.0 Z.$ 102000 975 100 13500 $ZS 
AWJ'UFIUI 

POWEii NCOU; ',I t. ,PIN l'IG, I sf' ' , rlLAM(Jfl , - 1. 5 Ac or 180 33, 0 34.S 21. 0 1900 18$0 J . S J500 780 
u x - 245 Alili'Llrl[! 2 ,, - • :i 0' 275 -- 250 48, S $0.0 - 34.0 -- 17$0 2000 3.$ 3900 1600 

POW[A s• • RCA· 46 AMPLIFIUI .WEOIUM ?.·PIN FIG, i 
CLAS$ AO • 2' , AC 01 

" 
FILAM(.•ll 2 . s 1.15 0 C 250 - 2$0 JJ . S 33.0 -- 22 . 0 -- 2380 2350 S.6 6'00 1250 

POWEil 
SJ' ' , AC or J OO 0 0 For these characteri,stics. refer to text 1300 16000 

RCA- 46 .AMPllf JEII W.(011.f',1 5-l'IN tlG. i 2 " flLAMtlif '2 .5 1. 75 400 --
cuss u. ., 400 0 0 oo 46 in Manut\l 1'150 20000 

RCA-247 f'O 'l,'[lt 
MEDIUM 5-PII-I m .6 >l ,. 'l :'l N FILAME!tl 2 . S t.1$ 11 ·" or 2$0 2SO 250 15.0 16.5 250 31.0 6.0 60000 2500 ISO 7000 2500 A..\ll'LlntR n: DC 

350 59.0 63 .0 45 .0 1900 2000 3 . 8 4100 2'100 

ux -250 
1"(1'1,'Eit MEOIUW 4-P JN m . 1 6½" 2 1}.N f lLAMt'il 7 . S 1. 25 Ac or ,so -- 400 66. 0 70.0 -- ss.o - 1800 2100 3,8 36i 0 :Hoo 

,\.Wl'tlfltfl " DC 450 80.0 84.0 $S.O 1800 2100 3.8 4350 4600 
90 10. s 19.0 12. 0 2250 1330 J .O 3200 12$ 

UX - .71-A f'OW EA M[OIUM 4•PIN FIG. I •Ii" P" FILA.\IE:h'J s.o 0 ,25 AC 01 180 - J3S 27 . 0 29. S - - 17. S -- 1960 1520 3.0 3500 370 
AWi'UFIER 

I ·,;· 0' 180 40.5 '13 .0 20.0 1850 1620 3.0 5350 700 .. 
•Two grids tied ,ogetl1e1. OCl'id next l6 pl::ne tied to pl.i.te. 

RECTIFIERS 

FVLL•W,\'{[ 5!.,. 2fg-"' ux -,80 MtOIUM .S•PII( flC . 2 
R~mm n 

fl lA.MEh'T 5 . 0 2.0 ., A.C Volt.ige ptr Plat<: {Volt:; RMS}...... 35-0 400 550 Fu r d ,c; o u tput voltaRt. refo: to 
O ,C Ou tj>Ut Cunent (Mu.ximum MA.) ... 125 110 BS tutve~ in M.anunl. 
T he 550 volt l'ti.li:~g i:s per::ti"ible o:tl,;· with filter eitcuits htwinP an innut choke o! At lerl:;t 20 henries. 

ux -181 IIAlf,WA.\'E W[Oll/M 4•1'1N flG. 3 6¼'" ' ' 
fl( ¢Tlf1ER 2,-, F'JL,\W[ ld J .s 1.25 ,, A-C Piatt Vo ltage fMaici.mum Volts R M S) ...... 700 

D·C Outpu t Current (Maxim um MA.} ....... _,., .. 8S 
For d -c o utput \'01ta~e delivered l<> fiiter o! t }'J)ical 
rec;tificr <;ir<;u it r<;ier to curves in M a:tuti1. 

RCA- 82 
f\J l l •WAV! 

IJ:(flCU8Y•\'APOR 
ll t CTlraER 

WEOIUM -'•PIW FIG, Z 4 n N 
" tl·i" f lU MENT 2.5 3.0 

M$ x\mt1m A.c.; Volt~y,e per Ph\t<:,_ ...... _, ,., .. ., .... 500 Vo lts, RMS 1fax:mum Peak l:wc;r:;e Voltar.e ... .1400 Vol t:;, 
AC M,1ximmn O,C Output Current, Con!\m:ou$ ... 12-5 Min:;:m.i,>etes Maximum P<::lk P lat<: Curr<;nt ...... 400 Milliampere 

A,.,.)1'6X.im.:tte Tube Volt.::.'-'<: Dto" .................................... 15 Vo lu 

H.\lf•WA'I[ 
?,faximum P eak fovetsc Vollaie ..... _,,_., ........... 7S00 Volts Fo r t:.dditional informatiqn refor to 

RCA-866 MEnCVilY,V,V>OR MCOIUM t. ,P/N - 6f"' 2 /11" F' IUWCHT 2 . S s.o ,, M ax:mum P eak P late Curren t.' ...... ,.,_ .............. 0 . 6 Ampere Technical B uU<:lin. 
ll(CllFl( II Approximate l'ube Vo!tar.e Orop ...................... 15 Vo lts 

REGULATORS 

\'DL1AG[ 
Oc;:gned to keep output voltage o f B -Bliminat<>r$ Opemting Vu!t:1gi:. ........................ 90 Volts DC 

ux -874 MtOJUM ,1,PIN - s}N z;>, • constant when d ifferent values of "0'' c-..rrent are Sturtlllg Voltnge .. ,_....................... .. 125 Volts O C 
f! EGUUTOR supplied. Operm:ng CuNC•~t ........................... 10 ,50 M illi.amperes 

CURR(.~f s·· 2,\., D<:sir,n«t to in:;mc: c;Q:~$t;mt input to power opcrn~ed Opcrati.n~ C urrent ........................... I • 7 A mpe:r,e:; 
UV -4376 REGUUtoll WOGUl -- raclio rc:,<;eiven, de::Jpite flu<:tuat:ons io 1:nc voltage. Volta r.e Ranr.e,_ ............................... 40-60 Volt~ 

.J.B~ Llt U tUll(J 
CURRUT s' 2,'1( Oe1<ig1lcd to illsute eo n.s.tMt input t<.> l)O'A'C:,r operated Op,:rnti.ng Curr~:nt .,. ........... , ........ 2 . 05 A mpcl'Cil 

UV -8S6 S(GUl.\1011 .WOCUL --
{IIALLA.H TUREj 

radio teceivers despite ii"l1ct1.1tiition s. in line voltage. Volt:1gc Ra:1ge, .... -.................... . .. 40-60 Vo lts 

For other HCA Hadiotrons of special interest to the r ad io a1nateur, refer to inside of back cover. 
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Maximum Overall Dimensio11s of RCA Radiotrons 
This chart of overall tube din1ensions is to be used in conjunction with the text. 

The correct bulb reference nun1ber for each tube is given under its CHIIRACTERISTICS. 

The prefix letters of the bulb designation indicate the bulb shape; as S for " straight side ." T 
for '"tubular," and ST for a combin;,tion of tubular and straight side or "dome rypc." The 
suffix numbers of the bulb designations indicate the nominal maximom diamete r of the bulb in 
eighths ol inches. 1.c .. the diameter of the S·J2 is 12 eighths, or 1 ½". 
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4 - PIN 
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FIG.3 
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OR 
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I • 

4-PIN 

~-116MAX. 

S - 14 

FIG.8 

S -14 

FIG.5 

71 
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X 
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J 
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THE RCA RADIOTRON MANUAL 

(Continued from Page 38) 

by a potentio1neter shunted across the screen voltage supply and not by a high, 
resistance rheostat. 

Co1nplete shielding of all stages is recommended if maximum gain per stage is to 
be obtained. 

APPLICATION 

As a radio-frequency amplifier, the ' 32 is operated as shown under CHARACTER• 
!STICS. Neither the plate voltage nor the screen voltage is critical. In general, 
properly designed radio-frequency transformers are preferable to interstage coupling 
impedances, especially in cases where a high impedance B-supply may cause oscil
lation below radio frequencies. 

As a detector, the •3 2 may be operated either with grid leak and condenser or 
with grid bias. For grid bias detection, suitable operating conditions are: P late 
supply voltage, 135 volts applied through a plate coupling resistance of 100000 
ohms or an equivalent impedance; positive screen voltage, 67 .5 volts; and a nega
tive grid _bias (approximately 6 volts) so adjusted that a plate current of 0.2 milli
a1npere is obtained \Vith no a-c input signal. For ·grid leak and condenser detec
tion, suitable operating conditions are: Plate supply voltage, 135 volts applied 
t hrough a plate coupling resistor of 250000 ohms; a positive screen voltage up to 
45 volts; a grid condenser of 0 .00025 µJ.; and a grid leak of 1 to 5 1negoh ms. 

In designing circuits to use the '32 as a detector, it is desirable to work from 
the detector stage directly into the power output stage. 

As an audio-frequency amplifier in resistance coupled ci rcuits, the '3 2 may be 
operated under the following conditions: Plate supply voltage, 180 volts applied 
through a plate coupling resistor of 100000 to 250000 ohms (or a 500 henry 
choke shunted by a 0.25 megohm resistor) ; plate current, 0.25 milliampere (ap
p roximate); grid voltage, - 1 volt ; and a grid resistor, 0.25 to 2.0 rnegohrns. 

"' u 
"' w .. 
~ 
1 , _, _, 
~ 

Z4 
w 
w 
a: 
V 

"' ' .. 
w 
~ 

< 
"2 .. 

0 

, 

TYPE' ~2 
E,- :2 .0VOLTS D.C. 

SCREEN VOL TS=67,.5 

, 

1/ 
r---- .er-

% ~ '- -
'.0 / 

/ 

AVERAGE PLATE CHARACTERISTICS 

OL15 Ec1 0 
C NlRO GRIO 

/ _, 

"' -2 

,, 

Ec1 ~-4 

-, 

- - 6 _, 
(00 12:f> 150 175 200 22~ 2!10 27~ 300 

PLATE VOLTS 
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RCA Rodiotron 

RCA-233 

POWER AMPLIFIER PENTODE 

The '33 is a power a rnplifier pentode for use in the o utput stage 
of battery-operated receivers. The )o\v filament current required 
by the '3 3 makes th is tu be particularly applicable fo r use in com• 
bination with the '30, '32, and/or '34 in radio sets ,vhere econoniy 
of battery consumption is important. 

T he '33 is capable of p roducing greater power o utput than three, 
electrode po\ver amplifiers of the sa1ne p late current d rain . Fu rthermore, this tube 
has the design feature of g reater amplification than is possible in a t h ree-electrode 
a1nplifier without serious sacrifice in p'ower output. 

The power-handling ability of the '3 3 is made possible by the addition o f both a 
suppressor and a screen bet\veen the grid and p late. The s uppressor is placed 
next to the plate and is connected inside the tube to the filamen t. This design 
practically eliminates the secondary emission e ffects \vhich limit the pov.,er output 
from four-electrode screen grid tubes. See page 5. 

CHARACTERISTICS 

FILAMENT VOLTAGE (D. C.) . . . . . . . . . . . . . . . . . . . . 2.0 
FILAMENT C URR ENT . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 260 
PLATE VOLTAGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 max. 
SCREEN VOLTAGE . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 135 max. 
GRID VOLTAGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -13.5 
PLATB CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14.5 
SCREEN CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
PLATE RESISTANCE . . . . . . . . . . . . . • . . . . . . . . . . . . . . 50000 
AMPLJFJCATION FACTOR . . . . . . . . . . . . . . . . . . . . . . . . . 70 
M UTUAL CoNDUCTANCE . . . . . . . . . . . . . . • . . . . . . . . . 1450 
LOAD R ESISTANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7000 
POWER O UT PUT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 00 
EPFLCTIVE GRID•PI..ATE CAPACITANCE 0.9 
IN PUT CAPACITANCE . . . . . . . . . . . . . . 8.9 
OUTPUT CAPACITANCE . . . . . . . . . . . . . 11. l 
MAXIMUM OVERALL LENGTII . .. • .. . ... . . . ....... . .. .... 
MAXLM UM D IAMETER ......... .. ..... . ... . . . . ... . .... . 
BVLB ( See page 42, Fig. 8) ... ... . ......... ..... . .. . .. . 

\ 1 olts 
Ampere 
Volts 
\! olts 
Volts 
Milliamperes 
Milliamperes 
Ohms 

M icromhos 
Ohms 
M illi\vatts 
µµ f. 
µµf. 
µµf. 

4l½o" 
l lY " 716 
S- 14 

B.A.SE ·· ······· ·· · ··· · · ···· ·· · ··• • ·· ·· ·· · · ···· · ····· · Medium 5-Pin 

INSTALLATION 

T he base p ins of the '3 3 .fit the standard five-contact socket. T he socket should 
be insta lled so that the tube will operate in a vertical position. In s01ne cases, 
cushioning of the socket may be found desirable . For socket connections, see 
page 39, Fig. 6. 

For filan1ent operation, refer to l KSTALL/\TION for type '32. 

APPLICATION 

For the power amplifier stage of radio receivers, the '_3 3 is recom1ne~1ded eit\1e~ 
sing ly o r in push-pull combination. More than one audio stage preced1n~ the 3; 
is undesirable because of the possibility o f microphonic disturbances resulting frorn 
the high level of amplification. 
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THE RCA RADIOTRON MANUAL 

If a single '3 3 is operated self-biased, the sdf,biasing resisto r should be approxi, 
rnately 770 ohms. This resistor should be shunted by a condenser of 4 to 20 µf. 
to avoid degeneration effects at lo\v audio frequencies. The use of t\vo '3 3 's in 
push-pull eliminates the necessity of by-passing the resistor. T he self-biasing 
resistor required for the push-pull stage is approximately 385 ohms. 

i\ny conventional type of input coupling may be used, provided that the resis
tance added to the circuit by this device is not too high . Transformer or i1n pe
dance coupling devices are preferable. When the input circuit of the '33 is 
resistance-coupled to the preceding stage, self,bias should be ernployed. The grid 
resistor should not exceed a value of rnore than 1.0 megohm under self-bias con<li
tions; \Vithout self-bias, maximum value is 0.5 megohm. 

A n output transformer should be used to couple t his tube to the \vinding of the 
reproducing unit. The optirnum load resistance for the output device is 7000 
ohms. For best results, the impedance in the plate circuit of the '3 3 should be as 
unifonn as possible over the entire audio-frequency range. 

AVERA<;E PL ATE CHARACTERIST IC S 

1 YPE "l'l LT$ E 
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RCA Radiotron 
RCA,234 

SUPER-CONTROL R-F AMPLIFIER PENTODE 

The '34 is a super-control pen tode reco1nmended for use pri
marily as a radio-frequency amplifier and in ter1nediate-frequency 
ampl ifier in battery-operated receivers e1nploying the '30, '31, '32, 
and/ or '3 3 \vhere economy of filan1ent current drain is important. 

The '34 is very effective in reducing cross-1nodulation and modu-
lation-distortion over the usual range of signal voltages without the 

use of antenna potentiometers or auxiliary volume control switches. ( See Super
Control amplifier page 15 .) This super-control characteristic makes the tube 
uniquely adaptable to the r-f and i-f stages of receivers e1nploying automatic volu1ne 
control. 

The use of a suppressor is an important feature of the '34. In comparison \Vith 
the usual type of screen grid tube operated under similar conditions, the ' 34 has a 
rnuch higher plate resistance and a considerably increased range of voltage S\ving. 
Furthermore, a high value of rnutual conductance is maintained. 

The suppressor is connected inside the tube to the filament. During operation 
of the tube, the suppressor eliminates the secondary emission effects ,vhich limit 
the voltage swing permissible in the usual screen grid tube at low plate voltage, 
that is, at a plate voltage approximately equal to the screen voltage. The sup, 
pressor in the '34, the refore, rnakes possible efficient operation of this tube at a 
relatively low plate voltage. This ,nay be greater than, equal to , or slightly less 
than the recommended screen voltage. 

CHARACTERISTICS 

FILAMENT VOLTAGE (D. C.) _... ......... ...... . 2.0 
FILA}.IENT CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.060 
PLATE VOLTAGE .... . .. , . . . . . . . . . . 67.5** 135 180 max. 
SCREEN VOLTAGE (11ax.*) . . . . . . . . 67 .5 67.5 67.5 

Volts 
Ampere 
Volts 

GRID VOLTAGE, Variable (Minimum) -3 -3 -3 
PLATE C URRENT . _... ...... .... ... 2.7 2.8 2.8 
SCREEN CURR ENT . . . . . . . . . . . . . . . . . 1. l 1.0 1.0 
PLATE RESISTANCE .. . ............ ·100000 600000 1000000 
AMPLIFICATION FACTOR . . . . . . . . . . . . 224 3 60 620 
MUTUAL CONDUCTANCE ....... .... 560 600 620 

V olts 
Volts 
Mill iamperes 
M illiamperes 
Ohms 

MUTUAL CONDUCTANCE, at-22.5 volts bias 15 15 15 
EFFECTIVE GRID-PLATE CAPACITANCE 0.020 maximum 
I NPUT CAPACITANCE . . . . . . . . . . . . . . 6.4 

M.icro1nhos 
Micromhos 
µµf. 

OUTPUT CAPACITANCE . . . . . . . . . . . . . 12.8 
OVERALL LENGTH . .... . ... .. .. . . .. . . ..... . .. • . .. .. ... 
MAXIMUM DIAMETER . . ............... . . , .. ... . · . .. · , · · 
BULB (See page 42, Fig. 11) . .. . . ..... ... . . . . . .... • ... 
CAP ... • •••••• • •• • • • •• • • •••••••••• •••• • •• ••• • •• •• • • • 

BASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 
• Under conditions of maximum plate currenc. 

** Recommended values for use in port~1ble receivers . 

INSTALLATION 

µµ f. 
µµ f. 

42~~2" to 5¼2" 
11½6" 
S- 14 

Small Metal 
Medium 4-Pin 

The base pins of the '34 fit the standard four-contact socket. Although this tube 
is quite free from microphonic disturbances, cushioning of its socket may someti,nes 
be desirable. For socket connections, see page 39, Fig. 4 . 

For filament operation, refer to INSTALLATION for type ' 32. 
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The screen voltage n1ay be obtained from a tap on the B-supply battery or from 
a bleeder circuit across the battery, as a whole or in part. Due to the screen current 
characteristics of the '34, a resistor in series \vith the B-supply may be employed, 
if desired, for obtaining the screen voltage, providing the Jnaxi1num voltage bet\veen 
screen and fila1nent does not exceed 100 volts under conditions of reduced plate 
current. 

Stage shielding enclosing all the components of each stage is, in general, neces-
sary for multi-stage amplifier circuits. 

APPLICATION 
As an r-f or i-f ainplifier, the '34 is applicable in receivers designed for it. Plate, 

screen, and minimum grid voltages are given under CHARACTERISTICS for a num
ber of operating conditions. 

Volume control of the receiver is accomplished effectively by variation of the 
negative voltage applied to the grid. In order to obtain adequate volume control, 
an available grid bias voltage of approximately -22.S volts will be required. The 
exact value will depend upon the circuit design and operating conditions. This 
voltage n1ay be obtained from a potentiometer, a bleeder circuit, or a separate 
source, de pending on receiver requirements. 

O\\,ing to the fact that the super-control feature of the '34 requires a co1npara
tively large grid bias change, the screen and plate voltage may vary considerably 
for various volume settings depending on receiver design. It is recommended 
therefore, that design features be incorporated in the receiver so that the screen 
voltage will not exceed 67.S volts under conditions of minimum grid bias and 
maxi1num plate current. With a design arrangement of this kind, the screen 
voltage at decreased values of plate current may reach a value higher than 67.5 
volts but should not exceed 100 volts. It should be recognized that under the 
condition of screen voltage above 67 .S volts at lo,v plate current, an increase in 
the grid bias voltage supply must be provided for adequate volume control. 

As the first detector in superheterodyne circuits, the '34 may be utilized to ad, 
vantage. In such service, the grid bias may or may not be 1nade variable. With 
variable bias in the first detector, the peak oscillator voltage should be preferably 
about one volt less than the lowest operating grid bias. This practice will eliminate the 
possibility of cross-rnodulation caused by the first detector drawing grid current. 
Without variable bias on the first detector, the oscillator peak voltage should be 
considerably less than the grid bias to prevent grid current on very strong signal 
swings. It should be noted t hat by varying the grid bias on the first detector in 
conjunction \vith that on the radio-frequency and/or the inter1nediate,frequency 
stages, additional control of volume may be accomplished. 
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Jll , - RCA Rodiotron 

RCA,235 

SUPER-CONTROL RADIO-FREQUENCY 
AMPLIFIER 

The ' 3 5 is a super-control screen grid amplifier tube containing 
a 2.5 volt heater-cathode of the equi-potential type. It is reco1n, 
1nended as a radio-frequency amplifier and an intennediate•fre
quency amplifier in a,c receivers . The '35 is very effective in 
reducing cross,modulation and 1nodulation,distortion over the entire 

range of received signals. Its design is such as to permit easy control of a large 
range of signal voltages ,vithout the use of local-distance switches or antenna poten, 
tiometers. This super,control feature makes the tube adaptable to circuits incorpo· 
rating auto1natic volume control. See page l5 for Super-Control feat ure. 

CHARACTERISTICS 

HE,\TE.R VOLTAGE (A. C. or D. C.) ... .. . . . . . . . . . . 2.5 
HEATER C URRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.7 5 
PLATE \loLTACE"' . . . . . . . . . . . . . . . . 180 250 
ScREBN VOLTAGE . . . . . . . . . . . . . . . . 75 90 ,nax. 
GRID VOLTAGE, Variable (lvfini1num) . -1.5 - 3 

Volts 
An1peres 
Volts 
Volts 

PLATE CURRENT ... . . .. ........ , . . 5.8 6.5 
SCREEN CURRENT (Maximum) 2.5 2.5 
PLATE RESISTANCE . . . . . . . . . . . . . . . 3 50000 3 50000 
AMPLIFICATIOK FACTOR . . . . . . . . . . . . 385 370 
MUTUAL CoNOUCTANCB . . . . . . . . . . . l 100 1050 

Volts 
Milliamperes 
Milliamperes 
Ohn1s 

MUTUAL CONDUCTANCE { At - 40 volts bias 5 15 
At -50 volts bias I min. 

EFFECTIVE G1uo•PLATE CAP,\CIT,\ NCE 0.010 tnaxinntni 

M icro1nhos 
Micro1nhos 
Micro1nho 
µ11.f. 

INPUT CAPACITANCE ... , . . . . . . . . . . 5 
OUTPUT CAPAClT.~NCE . . . . . . . . . . . . . 10 
OVERALL LBNGTI-1 . ' . .. .... ' . . ' .. . .. ' . ' ' . .. . . . . . ' ' . . ' . 
MAXIM UM DIAMETER .......... . . . ... . . .. .. . ..... . .. . . 
BULB (See page 42, Fig. 11) . . . . . . .. . .. . . ..... . . . .. . 
CAP ........ .. .. ............ . ... . ... .. ' . ... .. .... . . . 
BA.SP, .......... ' .. . ....... . . ' . ' .. • .. . . .. ' . . ' . . . . ' ' . . 

* Maximo,n pl~tc vo!t~gc = 2i5 volts. 

INST ALLA'fION 

µ11.f. 
µµf. 

42~32" to 5~fi~" 
l 1 ~1G" 
s,14 

Small Metal 
Mediu1n 5,Pin 

The base pins of the '35 fi t the standard five-contact socket. The socket n1ay be 
1nounted to hold the tube in any position. For socket connections, see page 39, 
Fig. 9 . 

T he heater of the '3 5 is intended for operation froJn a 2.5 volt \Vinding of d1c 
po\ver transfonner. The voltage applied to the heater te rminals should be the 
rated value of 2.5 volts under operating conditions and \vith average line voltage. 

The cathode connection to the heater should be rnade ( l) to the movable arn1 
of a potentio1neter connected across the heater \vinding of the pO\Ver transformer, 
or (2) to a n1 id•tapped resistor across the heater ,vin<ling, or (3) to the n1id,poin t 
of the heater \vinding itself . 

The positive screen voltage fo r the '3 5 may be obtained from a fixed or variable 
tap on a voltage divider across the supply voltage o r a portion of the supply. 

Complete shi.elding for all stages of the c ircuit is necessary if maxinn11n gain :ind 
the volv1ne,contro l range capabilities of this tube are to be realized. 
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APPLICATION 

As a radio-frequency and intern1ediate-frequency a1nplifier, the '3 5 should be 
operated as shown under CHARACTERISTICS. In general, properly designed radio
frequency transformers are preferable to interstage coupling impedances, especially 
in cases where a high impedance B-supply 1nay cause oscillation belo,v radio fre
quencies. 

Volume control o f receivers designed for the '35 may be accomplished by vari
ation of the negative grid bias of this tube. In order to utilize the full volume
control range of the '35, an available grid bias voltage of approximately 50 volts 
will be required, depending upon the circuit design and operating conditions. This 
voltage should preferably be obtained from a potentiometer or bleeder circuit. 
If, however, the receiver is designed so that t he required volume control can be 
obtained without exceeding 45 volts, the cathode-resistor method of obtaining t he 
grid-bias control is permissible. 

As a detector ,vorking directly into an audio-frequency amplifier, the '3 5 is not 
ordinarily suited. However, this tube does have a very useful application as a first 
detector in superheterodyne circuits. Suitable operating voltages for such service 
are: Plate voltage, 250 volts; screen voltage, 90 volts; and grid bias, -7 volts with 
a 6-volt peak swing from the oscillator. By varying the grid bias on the first de
tector in conjunction ,vith that on the radio-frequency and/or the intermediate
frequency stages, additional control of volume may be accomplished. 

As an audio-frequency amplifier, the '35 may be used in a single stage, resistance
coupled circuit when it is followed by not more than one amplifier stage. Addi
tional stages of amplification are not recommended because of the possibility of 
noise and microphonic disturbances resulting from the high level of amplification. 
Suitable operating voltages for such service are: Plate supply voltage, 180 to 250 
volts, applied through a load resistor of 100000 to 200000 ohms; screen voltage 
25 volts; grid bias, -1 volt. In general, the higher value of load resistor will per
mit increased amplification but will give poorer fidelity. The higher plate supply 
Yoltages allo\v increased signal swing without distortion but are not required where 
only s1nall signals are to be amplified. In resistance-coupled circuits e,nploying 
the '35, the grid resistor should have a value not exceeding 1.0 megohm. 
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THE RCA RADIOTRON MANUAL 

AVERAGE CHARACTERISTICS 

TYPE'35 PLATE VOL "fS=E b 
£.r=2.5 VOLTS SCRE:f.N VOL TS =Ec.i 

-28 - 24 -20 - 16 -12 - 8 - 4 0 
CONTROL GRIO VOLTS 

AVERAGE MUTUAL CHARACTERISTICS 

-
I-

I-

~ 

I-

fvPr3S 5CRE:EN VOL TS:: Ec2 
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TYPICAL SUPERHETERODYNE RECEIVER FOR A-C OPERATION 

RF.c 

OSC.' 27 

8• 2~. 2.5V. A-C 

C = R- F 8M'A$$ CONOE:NSER (0,1 yf.) 
c,=osc. GRID CONDCNSER (0.00 07~14f.) 
t2= R- F' 8Y- F'ASS CONDENstR (0,00025J-lf.} 
G,):R-r BY.PASS CONDENSER (O.~)Jf.) 
(-.i=CONOEN-SfR ( .Q314:f. APPROX.) 
R : VOl.UME CONTROL POTCNTIOMETCR ( 8 000 OKMS) 
R1 : RESISTOR ( 6 000 OHMS) 
Rz= OSCILLATOR GRID LEAP<. ( 40 000 OHMS) 

C. C c$ 

I 
.$ 

Rf:C. 
•• 7 

y V .. 
"• 7 

R3 

•• 50V. • 2 .5V. A-C 8 • 250\i 

R3= RtSISTOR ( 14 000 OHMS) 
R_s= SCLF"- 8 1ASING RCSISTOR ( 1 500 OHMS) 
R5: SCLF-BtASING RESISTOR (50 000 ()H".MS) 
Re= SE:t.r• 81A$1NG RCSISTOR {225 OHMS) 
R7= PARTIAL s ct.r- BIAS RESISTOR ( 150 OHMS) 
~=RtSISTOR {10000 OHM$ APPRO>C.) 
R9=RCSISTOR ( 8 000 OHMS) 
P = POTLNTIOMCTER (20 OHM-5) 
Cs=A-f:' 8'f-PASS CONOENSCR (2- 4 ,-. r ) 

Optional povver arnpl ifler using '45' s shown on page 61. 
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RCA Radlotron 

RCA,236 

RADIO-FREQUENCY AMPLIFIER 

The '36 is a screen grid radio-frequency amplifier and detector 
for use in automobile receivers or sets operated from d-c power 
lines. It contains a heater-cathode which is designed for d,c opera, 
tion. Its design permits uniform tube operation over a compara
tively wide range of heater voltages without appreciably affecting 
either the performance or serviceability of the tube. This feature, 

together with that of general freedom from microphonic and battery circuit dis
turbances, makes the '36 well suited to mobile service and other applications where 
complete d,c operation is desirable. 

CHARACl'ERISTICS 

HEATER VOLTAGE (D. C.) . . . . . • . . . . . . . . . . . . . . . . 6.3 Volts 
HEAT·ER CURRENT . • • . . . . . • . . . • • • . . . . . . . . . . . . . . 0.3 Ampere 
PLATE VOLTAGE . . • • . • . . . • • • . . . . . • 90* 135 180 max. Volts 
SCREEN VOLTAGE . . . . . . . . . . . . • • . . 55 67.5 90 max. Volts 
GRID VOLTAGE . . . . . . . . . . . . . . • • . • • - 1.5 -1.5 -3 Volts 
PLATE CURRENT . . . . . . . • . . • . . . • . • • 1.8 3 3 .1 Milliamperes 
SCREEN CURRENT . . . . . . . . . . . . . . . . Not over ½ of plate current 
PLATE RESISTANCE ...•...•...•..• 250000 300000 350000 Ohms 
AMPLIPICATION FACTOR . . . . . . • • . • . • 215 315 3 70 
MUTUAL CoNDUCTANCE . . • . . • • . • . . 850 1050 1050 
EFFECTIVE GRJo,PLATB CAPACITANCE 0.01 maximum 

Micromhos 
µµf. 

INPUT CAPACITANCE • . • . • • . . • • • . . . 3. 7 
OUTPUT CAPACITANCE • . . • • . • • . . . • 9.2 
OVERALL LENGTH •••••• I •••••••••••••••••••••••• I •••• 

MAXIMUM DIAMETER ••••••.••.•. I •••••••••• I •••••••••• 

BULB (See page 42, Fig. 9) ..................•...... , .. 
C,.p O O O O I o • o o • • o • o o o o o o o o o o o o • o o o • 1 o o o o o o o o o o o • I o I I o 

BASB •••••••••• I ••••••••••••• I ••••••••••••••••••••••• 

µµf. 
µµf. 

4%2" to 41¼2" 
1 o/16" 
s-12 

Small Metal 
Small 5-Pin 

• Particularly applicable to receivers de,igned for operation from IIO•volt d.c. powet line. 

INSTALLATION 

The base pins of the '36 fit the standard five-contact socket which may be 
mounted to hold the tubes in any position. For socket connections, see page 39, 
Fig. 9. 

The heater of the '36 is designed to operate satisfactorily from a 6-volt automo, 
bile stoTage battery without a rheostat or fixed resistor, despite the voltage fluctua
tions during the charge and discharge periods. These variations in the applied 
heater voltage do not seriously affect the performance or serviceability of this tube. 
The heater may be operated in series with the heaters of the '37, '38 or '39. This 
feature is especially desirable in receivers designed to operate from d•c house mains. 
Regardless of the number of heaters connected in series, the current in the heater 
circuit should be adjusted to 0.3 ampere for the normal supply voltage. 

The cathode circuit in most d,c receivers is usually tied in either directly or 
through biasing resistors to the negative side of the heater circuit. The voltage 
difference thus introduced between heater and cathode should be kept as much as 
possible below the recommended maximum of 45 volts. 

The positive screen voltage for the '36 may be obtained from a section of the 
B,battery, or from a fixed or variable tap on a voltage divider connected across the 
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supply voltage, or a portion of the supply. The impedance between the screen and 
cathode should be kept as low as possible by means of suitable by-pass condensers. 

Complete shielding of all stages of the circuit is necessary if maximum gain per 
stage is to be obtained. 

APPLICATION 

As a radio-frequency amplifier, the '36 should be operated as shown under Ctt11.R, 
ACTERISTICS. Neither the plate nor the screen voltage is critical. In general, 
properly designed radio-frequency transformers are preferable to interstage coupling 
impedances, especially in cases where a high impedance B•supply may cause oscilla• 
tion below radio frequencies. 

As a detector, the '36 may be operated either with grid leak and condenser or 
with grid bias. For grid bias detection, suitable operating conditions are: Plate 
supply voltage, 135 volts applied through a plate coupling resistor of 2S0000 
ohms; positive screen voltage, 67.5 volts; and negative grid bias, 6 volts (approx.), 
so adjusted that a plate current of 0.1 milliampere is obtained with no a-c input 
signal. When grid leak and condenser detection is employed, a plate voltage of 45 
volts applied through a plate coupling resistor of 250000 ohms together with a 
positive screen voltage up to 45 volts will be sati5factory. A grid leak of 2 to 5 
megohms ·and a grid condenser of 0.00025 14£. will be suitable. 
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RCA Radlotron 

RCA-237 

DETECTOR, AMPLIFIER 

The '37 is a three-electrode general purpose tube for use in 
automobile receivers and in sets operated from d•c power lines. It 
contains a heater-cathode which is designed for d·c operation. This 
feature together with that of general freedom from microphonic 
and battery circuit disturbances makes the '3 7 well suited to mobile 
service and other applications where complete d-c operation is 
desirable. 

CHARACTERISTICS 

HEATER VOLTAGE (D. C.) . . . . . . . . . . . . . . . . . . . . . . 6.3 
HEATER CURB.ENT • . . . . . . . • • . • . • • • . . . . . . . . • . . . . 0.3 
PLAT!! VOLTAGE . . . . . . . • . . . . . . . • • • 90 135 180 max. 
GRID VOLTAGE . . • . • • . . . • . • . . . . • • - 6 -9 -13.S 

Volts 
Ampere 
Volts 

PLATE CURRENT . . • • . • • • • • • . • • • • • • 2.5 4.1 4.3 
PLAT!! RESISTANCE • . . . • • • • • • • • • • • 11S00 10000 10000 
AMPLIFICATION FACTOR • ••.•••••.. , 9.2 9.2 9 
MUTUAL CoNDUCTANC!! , . , .•..... , 800 92S 900 
GRJD•PLATB CAPACITANCE • , .. , , • . . 2.0 
GRm•CATHODB CAPACITANCE . . . . . . . 3.5 
PLATE•CATHODE CAPACITANCE . • • . . 2.2 
MAXIM UM OvBRALL LENGTH •.•.•••...•......•...•..... 
MAXIM UM DIAMETER .•••••••••••••...•.....•......•... 
BULB (See page 42, Fig. 6) ••..•..•..................... 
BASE ...........•••.....•••.•.•••..................•. 

INSTALLATION 

Volts 
Milliamperes 
Ohms 

Micromhos 
µµf. 
µµf. 
µµf. 

4¼" 
1%6" 
s-12 

Small S,Pin 

The base pins of the '37 fit the standard five-contact socket. The socket may be 
mounted to hold the tube in any position. For socket connections, see page 39, 
Fig. 8. 

The heater of the '3 7 is designed to operate satisfactorily from a 6•volt automo• 
bile storage battery without a rheostat or fixed resistor despite the voltage lluctua• 
tions during the charge and discharge periods. These variations in the applied 
heater voltage do not seriously affect the performance or serviceability of this tube. 
The heater may be operated in series with the heaters of the '36, '38 or '39. This 
feature is especially desirable in receivers designed to operate from d-c house mains. 
Regardless of the number of heaters connected in series, the current in the heater 
circuit should be adjusted to 0.3 ampere for the normal supply voltage. 

The cathode circuit in most d•c receivers is usually tied in either directly or 
through biasing resistors to the negative side of the heater circuit. The voltage 
difference thus introduced between heater and cathode should he kept as much as 
possible below the recommended maximum of 45 volts. 

APPUCATION 

As a detector, the '37 may be operated with either grid leak and condenser or 
with grid bias. The recommended _plate voltage for the grid leak and condenser 
method is 45 volts. A grid leak of from 1.0 to 5.0 megohms used with a grid con, 
denser of 0.00025 µf. is suitable. 

For grid bias detection a plate voltage of 13 S volts together with a negative grid 
bias of approximately 15.S volts may be used. The plate current should be ad• 
justed to 0.2 milliampere with no a•c input signal. The grid bias voltage may con• 
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veniently be obtained from the voltage drop in a resistor between the cathode and 
ground. The value of this self-biasing resistance is not critical, 7 5000 to 100000 
ohms being suitable. The higher value will allow the use of a larger input signal. 

As an amplifier, the '3 7 is applicable to the audio- or the radio-frequency stages 
of a receiver. Plate voltages and the corresponding grid voltages fo r a1nplifier ser· 
vice should be determined from CHARACTERISTICS and curves to obtain optimum 
performance and freedom from distortion. 

As an oscillator, the reco1nmended conditions are: Plate voltage, 45 volts (ap
proximately); and grid bias, zero volts. It may be found desirable to use slightly 
lower values of plate voltage, depending upon the circuit design. 
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RCA Rodiotron 
RCA,238 

POWER AMPLIFIER PENTODE 
The '38 is a power amplifier pentode for use in the output stage 

of automobile receivers and in sets operated from d•c power lines. 
It is capable of giving a large power output for a relatively small 
input signal voltage. T he '38 contains a heater•cathode which is 
designed for d,c operation . I ts design permits unifo rm tube opera• 
tion over a comparatively wide range of heater voltages \Vithout 

appreciab ly affecting either performance or serviceability of the tube. T his fea· 
ture, together with that of the general freedom from rnicrophonic and battery cir• 
cuit disturbances makes the '38 well suited to mobile service and other applications 
where complete d•c operation is desirable. 

CHARACTERISTICS 

l-lEA TER Vo LT AGE ( D. C.) ... . ..... .......... .. . 
HEATER C UR RENT ............................ . 

6.3 
0.3 

PLATE VOLTAGE . . . . . .. . .. . . . . . . .. 100 
SCREEN VOLTAGE . . . . . . . . . . . . . . . . 100 

135 max. 
135max. 

Volts 
Ampere 
Volts 
Volts 

GRID VOLTAGE* . . . . . . . . . . . . . . . . . . -9 
PLATE CURRENT . . . . . . . . . . . . . . . . . 7 
SCREEN CURRENT . . . . . . . . . . . . . . . . 2 
PLATE RESISTANCE (Approx.) ..... 84000 
AMPLIFICATION FACTOR (Approx.).. 80 
MUTUAL CO NDUCTANCE . . . . . . . . . . . 950 
LOAD RESISTANCE . . . . . . . . . . . . . . . . 8500 
PO\VER OUTPUT . . . . . . . . . . . . . . . . . • 200 

- 13.5 
9 

2.5 
102000 

100 
975 

13500 
525 

EPPECTIVE GR!D•PLATE CAPACITANCE. 0.3 
INPUT CAPACITANCE . . . . . . . . . . . . . . 4.1 
OUTPUT CAPACITANCE . . . . . . . . . . . . 8.5 
OVERALL LENGTH ............... . .................. . 
MAXIM U1'{ DJ 1\ 1'iETER , , , . , , , , , , , , , , , , , . , , , , , , , , , . , , , , , , 
BULB (See page 42, Fig. 9) .... . ....... .. ..... • ........ 
CA p ................... ...... . . • •••• ••••••••• ••••••• 

BASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Volts 
Millia1nperes 
Mill iamperes 
Ohms 

Micromhos 
Ohins 
Milliwatts 
µµf. 
µµf. 
µµf. 

4%2" to 417,{32" 
1 'll ,, 

'/16 
S- 12 

Small Metal 
Small 5-Pin 

• If the '38 is self-biased, the biasing resistor should be by•passed by a large condenser. With 
sclf,bias, the resistance of the grid drcuit coupling should not e-xceed 1.0 megohm ~ without self-bias, 
t.hc grid resistance shou ld not exceed 0 .5 megohm . 

INSTALLATION 
The base pins of the '38 fit the standard Jive•contact socket. The socket rnay be 

installed to hold the tube in any position. For socket connections, see page 39, 
Fig. 9. 

For heater operation, refer to I NSTALLATION for type '37. 
The cathode circuit in most d·c receivers is usually tied in either directly o r 

through biasing resistors to the negative side of the heater circuit. The potential 
difference thus introduced between heater and cathode should be kept as much as 
possible be]o\v the recommended maximum of 45 volts . 

APPLICATION 
For the power a.tnplifier stage of radio receivers, the '38 is reco1n1nended either 

singly or in push•pull combination. More than one audio stage preceding the '38 
is undesirable because of the possibility of microphonic disturbances resulting f ro1n 
the high level of amplification. 
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If a single '38 is operated self-biased, the self-biasing resistor for 135 volts on the 
plate should be approximately 1200 oh1ns. This resistor should be shunted by a 
condenser of 4 to 20 µf. to avoid degeneration effects at low audio frequencies. The 
use of t,vo '38's in push-pull e!iminat-es the necessity of by-passing the resistor. 
The self-biasing resistor required for the push-pull stage is approxin1ately 600 ohms. 

Any conventional type of input coupling may be used provided that the resis
tance added to the grid circuit by this device is not too high. Transformer or 
impedance coupling devices are preferable where the '3 8 follows a '3 7 detector. 
If a screen grid detector is used, however, resistance coupling or a combination of 
impedance-resistance coupling to the '38 ,viii be better. A coupling condenser of 
-0.005 µ f. ,viii be suitable in such circuits. 

An output transfom1er should be used to supply power to the winding of the 
reproducing unit. The optimum value of load resistance for the output device is 
13 500 ohms for a plate voltage of 135 volts and 8500 ohms for a plate voltage of 
100 volts. For best results, the impedance in the plate circuit of the '38 over the 
entire audio-frequency range should be as uniform as possible. 
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RCA Rodiotron 
RCA,239 

SUPER,CONTROL R,F AMPLIFIER PENTODE 

The '39 is a super,control pentode recon1mcnded for use pri-
1narily as a radio-frequency :implifier, intennediate-frcquency ampli
fier and superheterodyne first detector in automobile receivers and 
in sets operated from d,c po\ver lines. It has a heater,cathode 
which is designed for d,c operation. This feature together with 
that of general freedom from microphonic and battery circujt dis

turbances ,nakes the '39 well suited to mobile service and other applications v,here 
complete d-c operation is desirable. The '39 is very effective in reducing cross
modulation and modulation-distortion over the usual range of signal voltages without 
the use of antenna potentiometers or auxiliary volu1ne control switches. ( See 
Super-Control feature, page 1 S). This super,control characteristic ,nakes the tube 
uniquely adaptable to r-f and i,f stages of receivers employing automatic volume 
control. 

The use of a suppressor is an important feature of the '39 because it permits 
variation in tube structure so as to obtain a high plate resistance without impairing 
other desired characteristics. In compadson with the usual type of screen grid 
tube operated u nder similar conditions, the '39 has a much higher plate resistance 
and a considerably increased range of voltage swing. Furthermore, a high value 
of ,nutual conductance is maintained. 

The suppressor is connected inside the tube to the cathode. During operation 
of the tube, the suppressor elin1inates the secondary emission effects \Vhich limit the 
voltage S\ving permissible in the usual screen grid tube at lo\v plate voltage, that is, 
at a p late voltage approximately equal to the screen voltage. The suppressor in the 
·39, therefore, makes possible the efficient operation of this tube at a relatively ]o\v 
plate voltage. This may be greater than, equal to, or slightly less than the recom, 
mended screen voltage. 

CHARACTERISTICS 

HEATER \loLTAGE (D. C.) ······---··· · ---·-··-- 6.3 
HEATER CURRENT . , . , . , . , . , . , .• , , , .. , . , . .... , . 0.3 
PLATE VOLTAGE .. , , . , , , .• , , , ... , 90* 135 180 max. 
SCREEN VOLTAGE (Maximum) . , , . , 90 90 90 
GRID VOLTAGE (Mini1num) . , , . . . . . - 3 -3 -3 
PLATE CURRENT , .. , ... , . , .. , .. , . 4.4 4.4 4.5 
SCREEN CURRENT ... ,.,,,,,,,,.,, 1.3 L2 1.2 
PLATE RESISTANCE , . ..... , ... , , , , 375000 540000 750000 
Ai-,lPLIFICATION FACTOR , .. , .. , . , , , . 360 530 750 

Volts 
Ampere 
Volts 
Volts 
Volts 
Millia,nperes 
Milliamperes 
Ohms 

MUTUAL CONDUCTANCE .. , , . , .. , , 960 980 1000 Micromhos 
MUTUAL CoNDUCTANCE { at-30 volts b(as 10 10 10 Micromhos 

at -40 volts bias Very small but not zero 
EFFECTIVE GRID-PLATE CAPACITANCE 0.007 maximum µµf. 
INPUT CAPACITANCE . , . , , , , , .. , .. , 4.0 µµf. 
OUTPUT CAPACITANCE . , .. , , . . . . . . 10.0 µµf. 
OvERALL LENGTH . , , . .. , . , . , , , . , . . . . . . . . . . . . . . . . . . . . . 4~~2" to 411{32" 
MAXIMUM DIAl-,fBTER , , , , , , . , . , , .. , .... . . , , ... , , . . . . . . 1 ~16" 
BULB (See page 42, Fig. 9) . ..... ,, ........ ,,,., . . ,,.,. S,12 
CAP .......... , .. , ...... , . , , , , , , . . , ... , ........ , . , . Small Metal 
BASE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Small 5, Pin 

* Recommended values for use in receivers designed for 110 volt d~c line operation . 

INSTALLATION 
The base pins of the '39 fit the standard five-contact socket. The socket may be 
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installed to hold the tube in any position. For socket connections, see page 39, 
Fig. 9. . 

The heater of the ' 39 is designed to operate satisfactorily from a 6-volt auto1no
bile storage battery without a rheostat or a fixed resistor, despite t he voltage fluctua, 
tions during the charge and discharge periods. These variations in heater voltage 
do not seriously affect the performance or serviceability of this tube. The heater 
n1ay be operated in series with the heaters of the '36, '37, or '38. This feature is 
especially desirable in receivers designed to operate from d,c house 1nains. Regard
less of the number of heaters connected in series, the current in the heater circuit 
should be adjusted to 0.3 arnpere for the nonnal supply voltage. 

The cathode circuit in 1nost d,c receivers is usually tied in either directly or 
through biasing resistors to the negative side of the heater circuit . The voltage 
difference thus introduced between heate r and cathode should be kept as rnuch as 
possible below the recon1mended n1axinn1m of 45 volts. 

The positive screen voltage for the '39 rnay be obtained from a section of the 
B,battery, fro1n a fixed or variable tap on a voltage divider across the supply volt, 
age, or from a portion of the supply. Care should be taken to keep the impedance 
bet,veen the screen and cathode as low as possible. 

\\Then the '39 is sclf,biased, a resistor in series with the high voltage supply may 
be used for obtaining the screen voltage. This is possible because of the stable 
screen current characteristic of the '39 pentode. The resistor method of securing 
the screen voltage is limited to circuits where the screen voltage supply does not 
exceed 180 volts as a maximum. The value of this resistance should be such that 
under the conditions of mini1nu1n grid bias and maximum plate current the screen 
voltage ,vill not exceed 90 volts. A resistance of approxirnately 80000 ohms will be 
suitable. 

Cornplete shielding of all stages is necessary if maximum gain per stage is to be 
c>btained. 
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APPLICATION 
As a radio-frequency and inter,nediate-frequency a,nplifier, the '39 should be 

operated as ~hov,n under CHAR.\CTERISTICS. In general, properly designed radio
frequency transforniers are preferable to inte rstage coupling impedances, espe· 
cially in cases ,vhere a high impedance B-supply may cause oscillation belo,v radio 

frequencies. 
Volume control of receivers designed for the '39 rnay be accomplished by var ia· 

tion of the negative grid bias of this tube. In order to obtain adequate volume 
control, an available grid bias voltage of approximately 45 volts will be required . 
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1"he exact value will depend upon the circuit design and operating conditions. This 
voltage may be obtained frorn a potentio1neter, a bleeder circuit, a variable resistor 
in the cathode circuit, or fron1 a separate source. In any event, the heater to 
cathode bias for the '3 9 should not exceed 4 5 volts. 

As a detector working directly into an audio-frequency amplifier, the '39 is not 
ordinarily suited. However, it does have a very useful application as the first 
detector in superheterodyne circuits and 1nay be utilized to advantage in that posi· 
tion. Suitable operating voltages for such service are: Plate voltage, 90 to 180 
volts; screen voltage, 90 volts; grid voltage, - 7 volts (approx.). W ith variable bias 
on the first detector, the peak oscillator voltage should be preferably about one volt 
less than the rr1ini1num grid bias (approximately 7 volts) . This practice \Vil! elimi, 
nate the possib1iity of cross-modulation caused by the first detector dra,ving grid 
current. \Vithout variable bias on the first detector, the oscillator peak voltage 
should be considerably less than the grid bias to prevent grid cu1Tent on very 
strong &ignal voltage S\vi:igs. 
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RCA Rodiotron 

UX,,245 

POWER AMPLIFIER 

T he '45 is a pO\ver an1plifier tube for supplying large undis
torted output to a loudspeaker. It is for use as an audio, 
frequency output tube in a-c receivers using 2.5,volt heater 

and fi.lan1ent type tubes. 

CHARACTERISTICS 

FILAMENT VOLTAGE (A. C . or D. C.) ............ . 
FILAMENT CURRENT .... , ....... . , .......•.... . 
PLATE VOLTAGE . . . . . . . . . . . . . . . . . 180 250 
G ,, * RID vOLTAGE ........... ... .. . . - 34.5 -50 
PLATE CuRRllNT . . . . • . . . . . . . . . . . • 27 34 
PLATE RESISTANCll , , .. ...... .. , . . 1900 1750 
AMPLIFICATION FACTOR . . . . . . . . . . . . 3.5 3.5 
MUTUAL CONDUCTANCE ........... 1850 2000 
LOAD RESISTANCE ....... , . . . . . . . . 3500 3900 
UNDISTORTED POWER OUTPUT • . . . . . 780 1600 
GRID-PLATE CAPACITANCE . . . . . . . . . 8 
GRJD,fILA}.1ENT CAPACITANCE . . . . . . 5 
PI..ATE,flLAMllNT CAPACITANCE . . . . 3 

2.5 
1.5 

275 max. 
-56 

36 
1670 

3.5 
2100 
4600 
2000 

M,\XIMUM OVERALL LENGTH ...... · · , · , , · · , , , · , · , , · · · · 
MAXIMUM D IAMETER . . ..................... . ... .... .. . 

Volts 
Amperes 
Volts 
Volts 
Milliamperes 
Ohms 

M icromh0s 
Ohms 
Milliwatts 
µµf. 
µµf. 
µµf . 
5¾" 
23/io" 
S-17 BULD (See page 42, Fig. 10) ....... . ..... . , , . , ·, ·.,, . · 

B.>\S£ ••·•·•••••••••••••••••• ••• • • ••••••••··••··· ·•· · 
Meclium 4, Pin 

• Referred to mid,point of a•c operated filament. Self-bias is advisable in all cases and is required 
if a grid resistor ( max. value of 1.0 megohm) i• uacd . 

INSTALLATION 

1'he base pins of the '45 6.t the standard four-contact socket which should be 
mounted preferably to hold the tube in a vertical position. If it is necessary to 
place the tube in a horizontal position, the socket should be mounted with the fila, 
ment pin holes vertically one above the other. This precaution locates the filament 
plane vertical for most satisfactory performance. For socket connections, see 
page 39, Fig. 1. Provision should be made for free circulation of air around the 
tube since the bulb becomes quite hot during operation. 

The coated filament of the '45 is designed to operate from the a,c line through a 
step-down transformer although it may be operated from a d·c source. In either 
case, the voltage applied to the filament terminals should be the rated value of 2.5 
volts under conditions of load and normal line voltage. 

APPLICATION 

As a power arnplilier, the '45 should be operated as indicated under CliARAC· 
TERISTlCS. \\lhen a.c. is used on the filament, the plate and g rid returns should be 
brought to ( 1) a m id-tapped resistor of from 20 to 40 ohms across the filament 
,vinding, or (2) to the mid-tap of the fila1nent winding itself. 

G rid bias for the '45 should be obtained by use of t he voltage drop in a resistor 
connected in the negative plate-return lead. This scheme is kno,vn as the self, 
biasing method. The proper value of the resisto r for a single ·45 is 1550 ohmi 
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for a plate voltage of 275 volts; 1475 ohms for a plate voltage of 250 volts; and 
12 7 5 ohms for a plate voltage of 180 volts. 

If more output is desired than can be obtained from a single ' 45, t\vo ' 45's 1nay 
be operated either in parallel or push-pull connection. See page 13. When two 
'45's are operated together in the same amplifier stage, the values of the self· 
biasing resistors will be approximately one•half the values given above for a single 
tube. 

An output device should be used to transfer po\ver to the \vinding of the repro· 
ducin g unit. 
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• RCA Rodiotron 

RCA,46 

DUAL-GRID POWER AMPLIFIER 

The '46 is a double-grid power arnplifier tube recorn1nended 
especially for service in Class B amplifier circuits of suitable design. 
In such circuits an output stage is preceded by a po\ver amplifier 
stage designated as the "driver." A pair of ' 46's in a Class B 
output stage is capable of supplying an exceptionally large amount 
of virtually undistorted pO\Ver; whi le a single '46, operated in the 

driver stage as a Class A amplifier, can del iver sufficient po\ver to drive the pair of 
'46's in the output stage. 

The dual application of the '4 6 to Class B and to Class A amplifier service is 
made possible by di fferent connections of the t,vo grids incorporated in the tube's 
structure. Each grid terminates in its respective base pin. For Class B operation, 
the two grids must be tied together. T his connection causes the tube to have an 
amplification facto r so high that negative grid bias is not requ ired for its operation 
as a Class B amplifier. For Class A operation, the grid adjacent to the plate is tied 
to the plate in o rder that the tube ,viii have a lO\V arnplification factor. In the 
latter case, negative grid bias is required for prope r operation of the tube. See 
page 15 for d iscussion of Class B operation. 

CHARACTERISTICS 
FILAMENT VoLT,\GE ( i \ . C. or D . C.) ... .. . . ...... 2.5 
Fl LAM ENT C URRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . l. 7 5 
J:vf..\Xl~f UM OVERALL LENGTH ......................... . 
MAXIM UM DIAMETER ...... . .............. .. .... ...... . 
BuLn (See page 42, Fig. 10) . .. ... ........ .. ... .. .. .. . 

Volts 
Arnperes 

5¼" 
2 3/i.6" 
S, 17 

B.,,s" -,. J.:. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Mcdiurn 5-Pin 

As Class B An1plifier 

PLA1' E \foL·f,\G" 3 00 L, • • • • • • • • • • • • • • • • • • • • • • • • 

GRID VOLTAGE (Both grids tied together ) . . 0 
PLATE CURRENT ( Per tube) . . . . . . . . . . . . . . 4 
PEAK PLATE CuRRENT (Per tube) .. , , . . . . 150 
MAx. PLATE D1sslPATION (Avg. per tube) . . 10 
LOAD RESISTANCE (Per tube) . . . . . . . . . . . . 1300 
MAX. SIGNAL VOLTAGE (RMS per tube) , . . . 40 
MAX. CONTINUOUS PO\Vl.:R OUTPUT (T,vo tubes)* 16 

As Class A Atnplifier 
PLATL VOLT!\GE ... . ............. . ........... . 
G1uD VOLTAGE (Grid adjacent co plats: tied to plate) 
PLATE CURRENT ................... . . . ... .... . 
PLATE RESISTANCE ........ . .................. . 
AMPLIFICATION fACTOR ....................... . 
MUTUAL CONDUCTANCE .............. , , ...... . 
Lo.o\D RESISTANCE (For n1ax. undistorted power) ,:,,., .. 
MAx. UNDISTORTED Po\VER OuTPUT . . . ... . ...... . 

400 max. 
0 
6 

200 
10 

1450 
4 1 
20 

250 ,nax. 
-33 

22 
2380 

5.6 
2350 
6400 
1.25 

Volts 
Volts 
Millia1npercs 
11illiamperes 
\Vatts 
Oh,ns 
Volts 
Watts 

Volts 
Volts 
Milliamperes 
Ohms 

Micron1hos 
Ohrns 
Watts 

* Power measured across indicated v~tluc of n.:sistor jn p late cir.:uit of each tube. with indicated 
signal applied through 250 ohm rcsist~mce in the grid circuit. 

** Approximately twice this value is recommended for load of driver for Cl:.1ss B stagl~. 

INSTALLATION 
1'be base of the '46 is of the mediu1n five-pin type. lcs pins fit the standard fr ve

contact socket \vhich may be installed to operate the tube &ither in a vertical or in 
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a horizontal position . For horizontal operation, the socket should be positioned 
with the filament pin openings one vertically above the other. For socket connec, 
tions, see page 39, f ig. 7. 

The bulb of th is tube may become very hot under certain conditions of opera
tion. Sufficient venti lation, therefore, should be provided around the tube to p re
vent overheating. 

The filarnent is designed to operate at 2.5 volts. The transfon ner winding that 
supplies the filament circuit should operate the fila1nent at this recom1nended value 
(as measured at the filament terminals) when rated voltage is appl ied t<! the pri
mary of the po,ver transforn1er operating under average load. The fi lament wiring 
should, insofar as possible, be isolated from the input circuit of the driver stage 
in ? rder to avoid the possibility of hu1n caused by electrostatic induction from this 
wiring. 

T he grid and plate return for the driver stage should be made to a variable center
tapped resistor across the filament (or heater) supply for minirnu1n hu1n adjustment. 
T he use of a push-pull driver stage with either equi•potentia l or filan,ent type 
tubes ,vi ll reduce hu1n resulting from the fila1nent supply, but is required only in 
special applications. 

APPLICATION 
For Class B audio po,vcr a1nplifier service, the '46 is particularly reconunendcd 

because of its design. l n this type of service, the t\vo grids in the tube are con
nected together and, thus, the signal voltage is applied to both simultaneously. No 
grid bias voltage is necessary with this connection as the steady plate current at zero 
bias is <Jnly a fe\v milliamperes. The design of the '46 perrnitting its operation as 
a Class B amplifier with zero bias is particularly i1nportant because it prevents 
variation of bias with applied signal \vhich \vould other\vise exist if any self-bias 
arrangement were e1nployed. 

The direct-current require.ments of Class B circuits are subject to fluctuation under 
operating c<Jnditions. The po\ver supply, therefore, should have as good regulation 
as possible to 1naintain proper operating voltages regard less of the current drain. 
The use of a mercury-vapor rectifier in the po\ver supply is recommended because 
it has a lo,v and practically constant space-charge voltage drop within its operating 
range. As a further 1neans of obtaining good regulation, the filter chokes and 
transforrner windings of the power supply should have as low resistance as pos· 
sible. In designing the po\ver supply for a Class B amplifier, it should be re1ne1n· 
berecl that such an a1uplifier may freque ntly demand peak currents of 200 rnilli
arnperes or more. 

T he grid of the '46 is operated sufficiently positive to cause grid current to flo,v 
in its input circuit. This feature imposes a further 
require1nent on the preceding amplifier stage \vhich DYNAMIC T~t.:'f[t"0,f;~~,('.~~TtRisncs 
1nust supply not only the necessary input voltage to 
the output stage, but it must be capable of doing so 
under c<>nclitions \vhere appreciable po\ver is taken hy 
the grid of the Class B amplifier tube. Since the 
power necessary t<.> swing the grid positive is partially 
dependent on tbe plate load of the Class B tube, and 
since the efficiency of po,ver transfer from the preced
ing stage is dependent on transformer design, it is 
apparent that t he design of a Class B audio p<JWer 
a1nplifier requires that more than ordinary attention 
be given to the effects produced by the co1nponent 
parts of the circuit. For this reason, the design of 
a Class B audio amplifier with its driver stage 1s 
so rne,vhat more involved than for a Class A 
syste1n . 

In the design of Class B amplifiers, the interstage 
transfon ner is the link interconnecting the driver and 
the Class B stage. It is usually of the step-down type, 
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that is, the primary input voltage is higher than the secondary voltage supplied t0 
the grids of the power output tubes. Depending upon conditions, the ratio of the 
primary of the interstage transformer to one-half of its secondary may range between 
l.5 to 1 and 5.5 to 1. The transformer step-down ratio is dependent on the 
follo\ving factors: ( 1) Type of driver tube, ( 2) Type of power tube, ( 3) Load on 
power tube, ( 4) Perxnissible distortion, and ( 5) Transformer efficiency (peak 
power). 

The primary impedance of the interstage transformer is essentially the same as if 
the transformer \Vere to be operated \Vith no load, that is, into an open grid. 
Since po\ver is transferred, the transformer should have reasonable power efficiency. 
It should be noted that the power output and distortion are often critically de· 
pendent upon the circuit constants \vhich should therefore be made as near inde· 
pendent of frequency as possible. This applies particularly to the interstage coup• 
ling transfo rmer and to the loudspeaker. 

The dciver tube should be capable of delivering sufficient power to operate the 
Class B amplifier stage. If low distortion is desired, it is most important that the 
driver tube be worked substantially below its Class A undistorted output rating, 
since distortion produced by the driver stage and the power stage will be present 
in the output. 
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For Class A operation of the '46, the grid adjacent to the plate is connected to 
the plate. T he grid next to the filament serves as the co ntrol grid. Operation of 
the tube is then similar to any Class A power amplifier triode. The operation of 
t his tube connected as a Class A amplifier is not indicative of its performance 1n 
Class B circuits and should not be confused with the latter. 

The intended application of the '46 as a Class A am plificr is for driving t\VO 
"46's in a Class B a1nplifier circuit. The tube has been constructed fo r this dual 
service in order to reduce the number of tube types necessary in a receiver. The 
tabulated values for Class A operation of t his type as given under CHARACTERISTICS 
are for its operation as a po\ver output tube. 

8 0 

0 

0 

0 
« 
.., 4 ... 
z 
::; 
~30 
0 
< 
0 

~20 ... 
~ 
i 10 

TYPE 4$ 

Cf=2 .~ VOLTS O,C. 

0 
f: 

,ff 

l 
J 

I -
I/ / 

/ I / I/ 

AVERAGE PLATE CHARACTERISTICS 
a.ASS A OP£RATION 

,I I I ~ I• 

ii ?/ 07 I I I / it ' 

r/ I •l 

I rti~· /' 1,:;· I 

I I 1,' 7 ' I 
I JI 

I I/ /t' 
I/ l :3/ " 

I/ I 7;' 7 J 17 
I/ ) I/ 17 / I / 

V ,I V V !/ V /? / _/ -

I I 

I I 
I J 

I/ I 
; .,o I/ 

I/ I/ I] 
l/ &'-

/ 
0 80 100 240 320 400 460 560 

AVERAGE CHARACTERISTICS 
CLASS A OPERATION 

. 
T YPE 46 

"'2.5 VOLTSA.C. Er 

4 '· 
<I) ,-
~ ,. 
:I: 

2 

0 ~ I. 

'"" 
... .. ,

:, 
0 
0: ., 

•'° 
~ 6 

0 
~ .4 
a: 
g 
"' a 
z 
:, 

z-

~ 
~ ",s, 

!, 

~~ 

.......... 

~ 

C' 

...... 

,3o 

• 

IQO 

"' "' ~ (J~ 
......._ 

~ 

HAR ONI 
a 5 7 9 11 ,ax,o' 

LOAD RESISTANCE (Rp) OHMS 

14 

12 ,.. 
z 

10 ~ 
~ 

8 z 
0 ,.. 

6 l5 ,
<I) 

4 a 

:z 
2 0 ::; 

0: 

~ 

PLATE VOLTS 

AVERAGE CHARACT ERISTICS 
CL ASS A OPERATION 

z~ 
~.3-. 
<a: ~ 0 5.8 
\e,.. 
.J ~ 
~t.,,; 5.4 

" 
7000 

"' 6000 ::, 

i 
~5000 
~ 

w 
l ) 4 000 
z 
~ 
!1 3000 

~ 
w 2000 

~ .... .. 

T YPE 48 
Er•2.~ VOL TS A.C. 
Pl.ATE VOLl S:2so .. 
/ L----

~ 

~ 

/ 

I 
)1 
I " r---.... rb 
I 

3000 

~ 

2800 ~ 
0-, 

2200~ 
z 
< 

800 t 
:, 
0 

I 

I 

I 

400 ~ 
u 
..J 

000~ ,.. 
:::, 
::; 

0 IO 20 30 40 $0 60 
PLAT E MILLIAMPERES 

- 65-



' 

RCA Radiotron 

RCA-247 

POWER AMPLIFIER PENTODE 

The '47 is a po\ver amplifier pentode for use in the audio output 
stage of a·c rece ivers. It is capable of giving large power output 
\vith a relatively small input signal voltage. In comparison with 
th ree-electrode power amplifiers of the same plate dissipation, the 
· 47 is capable of greater power output with the additional feature 
of higher amplification. This power-handling ability of the '47 is 

made possible by the addition of both a suppressor and a screen between the grid 
and plate. ( See page 5 fo, further information on pentodes.) 

CHARACTERISTICS 

FILAMENT VOLTAGE (A. C. or D. C.).... . . . . . . . . . 2.5 
FILAMEN T CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.7 5 
PLATE VOLTAGE • . . . . . . . . . . . • . . • . . . . . . . . • . . • . . 250 max. 
SCREE N VOLTAGE . . . . . . • . . • . . . . . . . . • . . . . . • . . . . . 250 max. 
GRID VOLTAGE* • . . . . . . . . . . . . . • . . • . • . . . . . . . . . . . - 16.5 
PLATE CURRENT . . . . . . . . . . . . . • . . . . . • . . • . . . . . . . 31 
SCRE EN CURRENT . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 6.0 
PLATE RESISTAN CE . . . . . . . . . . . . . . . . . • . . . . . • . . . . 60000 
A l-·IPLIFJCATION FACTOR . . . . . . • . . . . . . . . . • . . • . . . . 150 
MUT UAL CoNDUCTANCE . . ... • •..... ........ , , . . 2500 
LOAD RESISTANCE . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 7000 
PO\VER OUTPUT . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . 2500 
EFFECTIVE GRIO•PLATE CAPACITANCE i.25 
INPUT CAPACITANCE ........... , . . 8.7 
OUTPUT CAPACITANCE . • . . • . . • . . . . 13 .2 
MAXIMUJ>{ OVERALL L ENGTH •• ... . • . . • .. .. ... .. . ...... 
MAXIM UM DIAMETER ........ . ..... • ... . .......... • .. .. 

Volts 
Arnperes 
Volts 
Volts 
Volts 
lviilliam peres 
Milliarnperes 
Ohms 

Microni hos 
O hms 
Milliwatts 
JLµf. 
µµf. 
[tµf. 
5¾" 
2¾o" 
S-17 BULB (See page 42, Fig. 10) . ..... . . . .. .. ........ .. . . . 

0.-\SE ... . ... . ............................ . . ......... . Medium S•Pin 
• I( filament is operated on d.c., grid bias should he - 15., vol ts. 

INSTALLATION 

T he base pins of the '4 7 fi t the standard five-contact socket v,hich should be 
rnounted preferably to hold the tube in a vertical position. For socket connections, 
see page 39, Fig. 6. If i t is necessary to place the tube in a horizontal position, 
t he socket should be m<>unted \Vith its filament pin openings one vertically above the 
other. Provision should be rnade for free circulation of air around the t ube since 
the bulb becomes quite hot during operation. 

T he coated filan1ent of the '47 is intended for operation from a 2.5•volt \vinding 
of the power transformer. The voltage applied t<> the filament te,minals should be 
t he rated value of 2.5 volts under operating cond itions and average line voltage. 

APPLICATION 

For the power amplifier stage of radio receivers, the '47 is recommended either 
singly or in push•pull combination. More than one audio stage preceding the '47 
is undesirable because of the possibility of microphonic disturbances resulting from 
the high level of amplification. 

I f a single '47 is operated self-biased, the self-biasing resisto r should be approxi• 
rnalcly 450 ohrns. This resistor should be shunted by a condenser of 4 to 20 ftf. 
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to avoid degeneration elfects at low audio frequencies. The use of two '47's in 
push,pull eliminates the necessity of by•passing the resistor and is, in addition, effec· 
tive in reducing hum from filter circuits. The self-biasing resistor required for the 
push•pull stage is approximately 225 ohms. 

Any conventional type of input coupling may be used, provided that the resistance 
added to the grid circuit by this device is not too high. T ransformer or impedance 
coupling devices are preferable. If input-resistance coupling is used, a grid resis• 
tance not to exceed 0.5 megohm may be employed under self-bias conditions. 
Without self-bias, the grid leak resistance should not exceed 50000 oh1ns. 

An output transfom1er should be used in order to supply po,ver to the winding 
of the reproducing unit. The optimum value of load resistance for the output 
device is 7000 ohms. For best results, the impedance in the plate circuit of the '4 7 
over the entire audio-frequency range should be as uniform as possible. 

The blue glow which frequently appears on the inner surface of the '47 bulb is 
due to fluorescence caused by stray electrons from the fila1nent which strike the 
interior of the getter•coated bulb. 'This fluorescence is <I natural effect and is in no 
manner an indication of the performance of the tube. 
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UX✓250 

POWER AMPLIFIER 

The '50 is a power amplifier tube designed for use pri· 
marily in the output stage of an audio-frequency amplifier 
employing transformer coupling. It is capable of delivering 
unusually large amounts of undistorted power. 

CHARACTERISTICS 

FILAMENT VOLTAGE (A. C. or D. C.) ............ . 
Ft-LAMENT CURRENT .... .. .. . ................. . 
PLATE VOLTAGE . . . . . . . . . . . . . . . . . 350 400 
GRID VOLTAGE* . . . . . . . . . . . . . . . . . . - 63 -70 
Pr.ATE CURRENT . . . . . . . . . . . . . . . . . 45 5 5 
PLATE RESISTANCE . . . . . . . . . . . . . . . 1900 1800 
AMPLIFICATION FACTOR . . . . . . . . . . . 3.8 3.8 
MUTUAL CoNDUCTANCE . . . . . . . . . . . 2000 2100 
LOAD RESISTANCE . . . . . . . . . . . . . . . . 4100 3670 
UNDISTORTED PO\VER OUTPUT . . . . . 2400 3400 
GRID-PLATE CAPACITANCE . . . . . . . . . 9 
GRID•FII.AJ\.{ENT CAPACITANCE . . . . . . 5 
PLATE-FILAMENT CAPACITANCE . . . . . 3 

7.5 
1.25 
450 max. 
- 84 

55 
1800 

3 .8 
2100 
4350 
4600 

MAXIMU:M OVERALL LENGTH .... ... .................. . 
MAXIMUM DIAMETER .......... .... ... .... . ........... . 
BuLD (See page 42, Fig. 13) .......... . ........ ...... . 
BASE ........................................... . . . Meditim 

* ivteasured from mid•po)nt of a•c operated filament . 

• 
INSTALLATION 

Volts 
Amperes 
Volts 
Volts 
Mlliaxnperes 
Ohms 

Micromhos 
Ohms 
Milliwatts 
µµf. 
µµf. 
µµf . 
6¼" 

21½.o" 
s-21 

4-Pin Bayonet 

The base pins of the 'SO fit the standard four-contact socket which should be 
mounted to hold the tube in a vertical position. For socket connections, see page 39, 
Fig. 1. Provision shou ld be xnade for free circulation of air around the tube, since 
the bulb beco1nes quite bot during operation. 

The coated filament is designed to operate from a 7 .S volt winding of the power 
transformer. Ho\vever, i f desirable, it may be operated equally as well from a d,c 
source. In either case the voltage applied to the fila ment tenninals should be the 
rated value of 7 .5 volts . 

APPLICATION 

As a power a1nplifier, the '50 should be operated as shown under CttARAC· 
TERISTICS. Grid bias voltage may be conveniently obtained by means of the 
voltage drop through a resistor in the plate return lead. The proper value of this 
resistor is 1400 ohms for a plate voltage of 350 volts; 1275 ohms for a plate poten• 
tial of 400 volts; and I 530 ohms for a plate potential of 450 volts. The '50 is not 
recom1nended for use in resistance•coupled circuits having a grid resistor. 

If more output is desired than can be obtained from a single '50, two '50's may 
be operated either in ,parallel or push-pull connection. See page 13. When two 
'SO's are operated together in the same amplifier stage, the values of the self· 
biasing resistors will be approximately one•half those sho,vn above for a single tube. 
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SUPER-TRIODE AMPLIFIER 
The 56 is a three-electrode tube of the uni-potential heater

catho~e type re~ommended for use as detector, amplifier, or oscil
iator 1n a-c rece1v~rs d~signed. for it. This tube is characterized by 
~ts sl!'all overall size, its relatively low heater power consumption, 
1~s high mutu.11 conductance, and its comparatively high amplifica• 
tlon factor. The 56 is especially useful in resistance-coupled audio
frequency amplifiers. 

CHARAC'l'ERISTICS 

HEATER VoLTAGB (A. C. or D. C.) •••••......... , 2.5 
HEATB!l Cu1t1tENT . . • . • . . • • . . . . . . . . . . . . . . . . . . . . 1.0 
PLATBVOLTAGE. •...•...••.•••..••............. 250max. 
GRID VOLTAGE* . . . . . • . . • . . • . • . . . • . . • . . . . . • . . . . -13.5 

Volts 
Ampere 
Volts 

PLATE CURRENT • . • . • . • . . . . . • • • .. • • • . . • .. . . . • . . . . 5 
PLATE RESISTANCE .•••.•.•..•. , ..•...... , . , . . . 9500 
AMPLIFICATION FACTOR • • • . . • • • . . • • . • . . . . . . . . . . . 13.8 
MUTUAL CoNDUCTANCll .... , .. , •••....... , .... , 1450 
GRID-PLATE CAPACITANCll . . . • . • • • . 3.2 
GRJD-CATHODll CAPACITANCll . . . • • • • 3.2 
PLATll-CATHODE CAPACITANCE . . . • . • 2.2 
1',iAxlMUM OveRALL LeNGTH ..•..•••••..•••.•.••••..••. 
MAXIMUM DIAMETER. ••.••••..•..•. • • •••••••• • ••• I •••• 

BULB (See page 42, Fig. 6) ••..•..•....••...•.•.••.••.. 
BASE . I •• I ••••••••••••••••••••••• ' ••••••••••••••••••• 

Volts 
Milliamperes 
Ohms 

Micromhos 
µµf. 
µµf. 
µµf. 

4¼" 
1%6" 
s-12 

Small 5•Pin 
• If a grid ooupling reaiscor is uaed, its .maximum value $houlJ not exceed 1.0 megohm. 

INSTALLATION 

The base of the· 56 is of the small five-pin type. Its pins fit the standard five, 
contact socket which may be installed to operate the tube either in a vertical or in a 
horizontal position. For horizontal operation, the socket should be positioned with 
its heater pin openings one vertically above the other. For socket connections, 
see page 39, Fig. 8. 

The heater is designed to operate at 2.5 volts. The transformer winding supply, 
ing the heater circuit should be designed to operate the heater at this recommen3ed 
value (as measured at the heater terminals) when rated voltage is applied to the 
primary of the power transformer operating under average load. 

The cathode should be connected either to the mid,tap on the heater supply 
winding or to the mid-tap of a SO ohm (approximate) resistor shunted across the 
winding. If this practice is not followed, the heater may be biased negative with 
respect to the cathode by not more than 45 volts. When the cathode is not con, 
nected directly to the heater in a-c receivers, attention should be given to keeping 
the impedance of the circuit between beater and cathode as low as possible. Unless 
this is done, hum may arise because of heater to cathode leakage. 

APPLICATION 

As an amplifier, the 56 is applicable either to radio-frequency or audio-frequency 
circuits. Recommended operating condition& for service using transformer coupling 
are given under CHARACTERISTICS. For circuits ut11i.zing resistance coupling, typical 
operating conditions are as follows: Plate supply voltage, 2 50 volts; grid bias voltage, 
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- 9 volts (approximate); plate load resistor, 50000 to 100000 ob1ns; and plate cur, 
rent, l to 2 milliamperes. 

As a detector, the 56 may be of the grid leak and condenser or grid bias type. 
The plate voltage for the grid leak and condenser method should be about 45 
volts. A grid leak of fron1 1 to 5 megohms with a grid condenser of 0.00025 µf. 
is satisfactory. For the grid bias method of detection, the maximum plate supply 
voltage of 250 volts may be used together with a negative grid bias voltage of 
approximately 20 volts. The plate current should be adjusted to 0.2 milliampere 
with no a,c input signal voltage. The grid bias voltage may be supplied from the 
voltage drop in a resistor between cathode and ground. The value of this self, 
biasing resistor is not critical, 100000 to 150000 oh1ns being suitable. The higher 
value will permit the application of a larger input signal. 

The 56 may be employed as a t\vo,electrode detector preferably by connecting 
the p late to the cathode for the one electrode and using the grid for the other. 
With this arrangement, a,c input voltages as high as 40 volts RMS may be appl ied 
between grid and cathode. 

As an oscillator, the 56 may be operated with a plate voltage of approximately 
90 volts and zero grid bias. A lower value of plate voltage may be found desirable 
in some applications. 

AVERAGE PLATE CHARACTERISTICS 
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RCA Radiotron 

RCA,57 

TRIPLE,GRID AMPLIFIER 

The 57 is a triple-grid tube reco1n1nended especially for service 
as a biased detector in a,c receivers designed for its characte(istics. 
In such service, this t ube is capable of delivering a large audio
frequency output voltage \vith relatively small input voltage. Other 

1 
applications of the 57 include its use as a low signal-input, screen 

v grid amplifier tube and as an automatic volume control tu be. The 
57 is characterized by the small overall size, the dome-top bulb, t he inte rnal shield 
in the do1ne, the rigidity of electrode assembly, and the fifth electrode or suppressor 
with its own base pin terminal. Equally sign ificant a1nong its electrical features 
are its relatively low heater power consu1nption, its sh arp plate current "cut-off" 
,vith respect to grid voltage, and its adaptability of electrode co1nbinations to un
usual circuit applications. 

The internal shield is a distinctive feature in the design of this tube. It is placed 
in the bulb dome above the electrode assembly and is connected \vithin the tube 
di rectly to the cathode. The dome-top bulb makes possible close proximity of the 
external and internal shields and, therefore, a lo,v effective grid,plate capacitance. 
' [he fonn of the external shield,can may be somewhat modified depending upon 
the receiver design requirements for 1nini1num grid-plate and output capacitance. 

CHARACTERISTICS 

HBATER VOLTAGE (A. C. or D. C.). .. .. . . .. ...... 2.5 
HEATER C URRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l.0 
PLATE VOLTAGE ....... _ .............. _ ....•.. _ 250 max. 

Volts 
1\mpere 
Volts 

SCREEN VoL TAGE ... . .. ..... , . . . • . . . . . . . . . . . . . 100 max. Volts 
GRrD VOLTAGE . . . . . . . . . . . . . . . • • . • . . . . . . . . . . . . . - ?t 
PLATE CURRENT ..... . •..... . .. ..... . , . ... .... , 2.0 
SCREEN C URRE NT _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0 
PLATE RESISTANCE . . . . . . . . . . . . . . . Greater than l.S 
AMPLII'ICATIO N FACTOR . , . . . . . . . . . . Greater than 1500 
MUTUAL CONDUCTANCE, ............... . .. . ,... 1225 

Volts 
Milliamperes 
Milliarnpere 
1'1egohms 

EFFECTIVE GRID-PLATE CAPACITANCE (with shield can) 0.010 niaximum 
Micromhos 
µµf. 

!NPUT CAPACITANCE . . . . . . . . . . . . . . 5.2 
O UTPUT CAPACITAKCE ......... , . . . 6.8 
OVERALL LE NGTH . . . .. ......... ... ..... .. . . . . . . .... . . 
MAXlMUi\1 DIAMETER . ................... , .... .... ...•. 
J3ULB (See page 42, Fig. 7) . . ....... . . .. .... .. ...... . . . 
C
. 

A 1-' • • • , • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

6ASE , . ... . ... ...... .. . .. . • ... . ... , .. , , . , ... , · , , · · , · , 

INSTALLATION 

µµf. 
µµ{ . 

419, ,, 42-1 ,, 
,:i2 to ~'32 

1 o/io" 
ST-12 

S1nall Metal 
Small 6-Pin 

T he base pins of the 57 fit the standard 6-contact socket ,vhich may be installed 
to hold the tube either in a vertical or in a horizontal position. For horizontal 
opcra~ion, the socket should be positioned with its heater pin openings one vertically 
above the othec For socket connections, see page 39, Fig. 11. 

For heater operation and cathode connection, refer to INSTALLATION for type 56. 
T h e screen voltage may be obtained from a potentiometer or bleeder circuit 

across the 13-supply source. D ue to the screen current characteristics of the 57, the 
use of a resistor in series with the high voltage supply may be employed for obtain
ing the screen voltage provided the cathode-resistor rnethotl o f bias control is 
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used. T his method, however, is not recommended if the high voltage B-supply 
exceeds 250 volts. 

Complete shielding of detector circuits employing the 57 is generally necessary, 
since considerable voltage at carrier frequency is usually present in the plate circuit 
evt!n though the latter is by-passed with a lo,v i1npedance capacitor. T,vo-section 
filters in the plate circuit are frequently necessary to prevent radio-frequency feed
back to the input of the detector. 

In receivers e1nploying a built-in loudspeaker, acoustic sh ielding may be neces, 
sary to prevent microphonic feed,back when a strong radio-frequency carrier voltage 
is present on the tube elernents. It should be noted also that condenser plates may 
cause an audio howl due to mechanical feed-back from the speaker. 

APPLICATION 

As a biased detector, the 57 is particulady recommended because of its ability 
to deliver a large audio-frequency output voltage of good quality with a fairly 
small radio-frequency signal input. Reco1n1nended conditions for the 57 as a biased 
detector are as follo,vs: Plate voltage, 250 volts; screen voltage, 100 volts; grid bias 
voltage, -6 volts (approx.); plate load, 250000 ohm resistor, or a 500 henry choke 
shunted by a 0.25 megohm resistor. For resistance load, the plate voltage ,viii be 
the supply voltage minus the voltage drop in load caused by specified p late curren t 
(adjusted to 0.1 milliampere ,vith no a-c input signal) . 

Detector bias may be obtained from a bleeder ciccuit, fro1n a resistor in the 
cathode circuit, or from a partial self-biasing circuit. The cathode-resistor method 
permits of higher output at low percentage modulation since the input signal rnay 
be increased almost in inverse proportion to the modulation \Vithout resulting in 
objectionable distortion. 

As a radio-frequency amplifier, the 57 may be used particularly in applications 
where the r,f signal applied to the grid is relatively low, that is, of the order of a 
few volts. In such cases either screen or control grid voltage (or both) rnay be 
varied to control the receiver volume. When larger signals are involved, a super, 
control a1nplifier tube should be employed to prevent the occurrence of excessive 
cross-modulation and modulation distortion. Recommended operating conditions 
for arnplifier service are given under CHARACTERISTICS. 

As a frequency converter or a superheterodyne first detector, the 57 1nay be 
employed but a tube having super-control characteristics is to be p referreJ, especially 
if signals of large magnitude are to be received, and if supple1nentary volurne con, 
tro l is to be obtained in this stage. 

AVERAGE PLATE CHARACTERI STICS 
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RCA-58 

TRIPLE,GRID SUPER,CONTROL AMPLIFIER 

The 58 is a triple-grid super-control a1nplilie r tube reco,nmended 
especially for service in the radio-frequency and intermediate,fre, 
quency stages of a,c receivers designed for its characteristics. The 
58 is characterized by the small overall size, the do,ne•top bulb, 
and the fifth electrode or suppressor with its 01:vn base pin tenninal. 
Equally significant among its electrical features are the relatively 

low hea ter power consumption, the extended mutual conductance operating range, 
and the adaptability of electrode combinations to various circuit applications. T he 
ability of this tube to handle usual signal voltages ,vithout cross·1noclulation and 
modulation-distortion 1nakes it uniquely adaptable to the r·f and i-f stages of 
receivers employing auto,natic volume control. Shield construction and bulb shape 
are discussed under Type 57, ,vhich is similar in structural appearance. 

When the suppresso r is not connected directly to the cathode, its util ity may be 
extended. The suppressor, in suitable circuits, provides a 1neans for obtaining t he 
desirable conditions of reduced selectivity for local reception. This operational 
characteristic makes possible i1nproved loudspeaker response ,vhen the receiver is 
tuned to powerful nearby stations. 

CHARACTERISTICS 
HEATER V OLTAGE (A. C. or D. C.)..... . . . . . . . . . . 2.5 
HEATER CURRENT ........ ··· · · · ·.. . ...... . .... 1.0 
PLATE \!oLTACE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 max. 

Volts 
Ampere 
\T olts 
Volts 
Volts 

SCREEN Vot T.~GL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 max. 
GRID VOLTAGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -3 min. 
PLATE C URRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.2 
SCREEN CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 .0 ,nax. 

Milli am per es 
Milliamperes 
Oluns PLATE RESISTANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . 800000 

AMPLIFICATION f ACTOR . . . . . . . . . . . . . . . . . . . . . . . . . 1280 
M UTUAL CONDUCTANCE . . . . . . . . . . . . . . . . . . . . . . . . 1600 

At -50 volts bias. . . . . . . . 2 
lviUTUAL Co>-1DUCTANCE { At -40 volts bia,;...... . . 10 

ErrECTIVE GRID, PLATE CA PACITAKCE ( ,vith shield-can ) 0.0 J. 0 maxim.u,n 
INPUT CAPACITANCE . . . . . . . . . . . . . . 5.2 

Micromhos 
Micromhos 
Micromhos 
!Lµ,f. 
ILµ, f. 

OUTPUT CAPACITANCE . . . . . . . . . . . . 6.8 
OVERALL LENGTH .. .. .. . .. . . .................... · · · · · 
MAXll-.IUM DIAMETER .... . ............ . ... . ..... . .... - . 
BULB ( See page 4 2, Fig. 7) .. . . . ...... . . ... . ....... • • • • 
C .I\.P ..... . ............ . .. .. . . ...... • ...... . ........ . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
INSTALLATION 

µid. 
41!)/ " tO 427L<l" ,32 1:1 ... 

1 %.ti" 
ST -12 

S,nall Metal 
Srnall 6-Pin 

The base pins of t he 58 fit the standard six-contact sockel ,vhich may be installed 
to hold the tube e ither in a vertical o r in a horizontal position. For horizontal 
operation, the socket should be positioned with its heater pin _openings o ne verti
cally above the other. For socket connections, see page 39, Fig. 11. 

The heater is designed to operate at 2.5 volts. The t ransfonner ,vin~ing sup
plying the heater circuit should be designed to operate the he_ater at tlus recom
mended value for full load operating conditions under average hne voltage. 

For cathode connection, refer to cathode, type 56. 
Control grid bias variation will be found effective in changing the volu_me of t he 

rc.ceiver. In order to obtain adequate volume control, an ava1lable gn d b1as voltage 
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of approximately 50 volts will be required. The exact value \vill depend upon the 
circuit design and operating conditions. This voltage may be obtained, depending 
on receiver requirements, fro1n a potentiometer across a fixed supply voltage or by 
the use of a variable self-bias resistor in the cathode circuit. 

The screen voltage 1nay be obtained from a potentiometer or bleeder circuit 
across the B-supply source. Due to the screen current characteristics of the 58, a 
resistor in series with t he high-voltage supply 1nay be e1nployed for obtaining the 
screen voltage provided the cathode-resistor method of bias control is used. This 
1nethod, ho\vever, is no t reco1nn1ended if the high voltage B-supply exceeds 2.50 
volts. Furthennore, it should be noted that the use of a resistor in the screen 
circuit will have an effect on the change in plate resistance with variation in sup
pressor voltage in case the suppressor is utilized for control purposes. 

The suppressor 1nay be connected directly to the cathode or it may be made nega, 
tive ,vith respect to the cathode. For the latter condition, the suppressor voltage 
n1ay be obtained from a potcntion1eter or bleeder circuit for manual volun1e and 
selectivity control, or from the drop in a resistor in the plate circuit of the auto
matic volun1e control tube. 

Shielding requiren1ents are similar to those for type 57. 

APPLICATION 
As a radio-frequency a,nplifier, the 58 is especially applicable to radio receiver 

design because of its ability to reduce cross-modulation effects, its remote "cut-off" 
feature, and its flexible adaptability to circuit combinations and to receiver design. 
Recommended conditions for the 58 as an arnplifier are given under CHARAC
TERISTICS. 

To realize the maximum benefit of the long "cut-off" feature of this tube, it is 
necessary to apply a variable grid bias and to maintain the screen at a constant 
potential \Vith respect to the cathode. Ho,vever, good results 1nay be obtained by 
using a variable cathode resistance which, of course, reduces the screen potential 
\vith respect to the cathode by the same amount that the bias is increased, thus 
hastening the "cut,<>ff" and reducing the ab ility of the tube to handle large signals. 
This undesirable effect 111ay be nullified by n1eans of a series resistor in the screen 
circuit. 

The use of series resistors for obtaining satisfactory control of screen v<>ltage in 
the case of four-electrode tubes is usually impossible because of secondary emission 
phenomena. In the 58, however, the suppressor practically removes these effects 
and it is therefore possible to obtain satisfactorily the screen voltage from the plate 
supply or from some high intermediate voltage providing these sources do not 
exceed 250 volts. \V'ith this method, the screen to cathode voltage ,viii fall off 
very little from minimum to maximum value of cathode-control resistor. In so.me 
cases, it may actually rise. This rise of screen to cathode voltage above the normal 
maximu1n value is allo\vable because the screen and the plate current are reduced 
simultaneously by a sufficient amount to prevent damage to the tube. It should be 
recognized in general that the series resistor method of obtaining screen voltage 
from a higher voltage supply necessitates the use of the variable cathode-resistor 
method of controlling volun1e. \.Vhcn screen and control grid voltages are obtained 
in this man ner, the remote "cut-off" advantage of the 58 Jnay be fully realized . 

.t\s a frequency converter or a superheterodyne first detector, the 58 may be 
used to advantage. It is capable of producing under the proper conditions of grid 
and local oscillator voltage, a gain in the first detector stage of about one-third 
that \Vhich can be obtained in an intennediate-frequency amplifier stage. In addi
tion, this gain can be controlled as in the case of the radio-frequency amplifier by 
varying the grid bias either from a separate supply or froJn a variable resistor in the 
cathode circuit. This is a particularly desirable feature in receivers employing 
automatic volume control, because it enables a much lower threshold input to be 
received without loss of amplification and permits the reception of high input volt
ages \Vithout loss of control. Recon1mcnded conditions for the 58 as a superhetero
dyne first detector follow: Plate voltage, 2.50 volts; screen voltage, 100 volts; and 
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grid bias voltage, - 10 volts m1n1mum (with 9,volt oscillator peak swing). With an 
oscillator peak swing of l volt less than the grid bias, these values are not critical 
and rnay be chosen to meet circuit design requirements. 

t\s a grid bias detector, the 58 is no t recornrnended. This is because the inten
tional elimination of a definite "cut,off" makes the 58 rather insensitive and ren
ders any approach to linear detection impracticable. 
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RCA Radiotron 

UX,171,A 

POWER AMPLIFIER 

The '71-A is a power a1nplifier tube of lov" output 
impedance for use in the output stage of audio-frequency 

amplifiers. 

CHARACTERISTICS 

FILAMENT VOLTAGE (D. C.) . . .. . . .. .. .... . .... . . 
FILAMENT CURRENT . .... . ....... . . ... ........ . 

5.0 
0.25 

PLATE VOLTAG E . . . .. . .. . .. . . .. . . 90 13 5 
GRID VOLTAGE''' . . . . . . . . . . . . . . . . . . -16.5 -27 

180 max. 
- 40 5 

PLATE CvRRENT . . . . . . . . . . . . . . . . . 12 17.5 
PLAT!! RESISTANCE . . . . . . . . . . . • . . . 2250 1960 
AMPLIFICATION FACTOR ...... , , , . . . 3 3 
MUTU.~L CONDUCTANCE . . .. .. , . . . 1330 1520 
LOAD RESISTA:-JCE . . . . . . . . . . . . . . . . 3 200 3 500 
UNDISTORTED PO\VER OUTPUT . . . . . 125 3 70 
GRJD·PLATE CAPACITANCE • . . . . . • . . 7.4 
GRID-FILAMENT CAPACITANCI! . . . • . . 3.7 
PLATE-FILAMENT CAPACITANCE . . . . . 2.1 

20 
1850 

3 
1620 
5350 
700 

MAXIMUM OVERALL LENGTH .... . ... , .....•.. .... ... , . 
1v1AXI!l,fUM DIAMETER ....... , ... . . • . , .... , . , ......... . 

Volts 
Ampere 
Volts 
Volts 
Milliamperes 
Ohrns 

lvficromhos 
Ohms 
Mill i\vatts 
µµf . 
µµf. 
µµf. 

4 11/2_6" 
113/io" 
S,14 BULB (See page 42, Fig. 8) .. . .. . .. . .... . ..... . ..... . . . 

BA s E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :-viedium 4,Pin 
* for operation on a,c filament supply, increase grid bias voltage 2.5 volts. 

INSTALLATION 

The base pins of this tube fit the standa(d four-contact socket. The socket should 
be installed so that the tube ,viii operate in a venical position. For socket connec• 
tions, see page 39, Fig. l. 

The coated fila1nent of the '71-A 1nay be operated from a storage battery or frorn 
the a•c line through a step•do\vn transformer. For operation of th is tube from a 
storage battery, a fixed or variable resistor of suitable value is required to reduce 
the battery voltage to 5 .O volts across the fila1nent tenninals at the socket. Most 
satisfactory operating perfonnance of the tube will be obtained at the rated 
fila,nent voltage. 

APPLICATION 

Operating conditions are given under CHARACTERISTICS for the use of this tube 
in the power output stage. With a d·c filament supply, the grid and the plate 
return should be rnade to the negative filaJnent terminal. 

For a·c fila ment supply, the plate and the grid return should be brought either 
to a ,nid·tapped resistor of 20 to 40 oluns across the filament winding, or to a 
mid,tap of the filament winding. To prevent overloading and distortion, the 
reco1n1nended negative grid bias should always be used. 

Grid bias for the '71 · A may be obtained from a C,battery or by ,neans of the 
voltage drop in a resistor connected in the negative plate return lead. This second 
method is known as the self-biasing method, since the plate current detennines the 

-76 -



-
THE RCA RADIOTRON MANUAL 

drop. It is not, however, generally applicable to battery operated receivers. 
proper value of this resistor for a plate voltage of 180 volts is 2-1 SO ohms; 
plate voltage of 135 volts, 1700 ohms; and for 90 volts, 1600 oh,ns. 

The 
for a 

If more output is desired than can be obtained fro,n a single '71, two '71 's may 
be operated either in parallel or push-pull connection. See page l 3. When two 
'71 's are operated together in the same amplifier stage, the values of the self• 
biasing resistors will be approximately one·half the values given above for a single 
tube. 

An output device should be used to transfer po,ver to the winding of the 
reproducing unit. 
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RCA Radiotron 

UX-280 

FULL, WA VE RECTIFIER 

The '80 is a fuU,wave rectifying tube intended for use in 
d•c power supply devices which operate fro1n the a,c supply 

line. 
CHARA. CTERISTICS 

FILAMEKT VOLTAGE (A. C.) . . . . . . . . . . . . . . . . . . . . 5.0 
fILA!..·IENT CURRENT . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.0 
l A-C VOLTAGE PER PLATE (R.1vfS) . ........... 350 

D,C OUTPUT CuRREKT . . . . . . . . . . . .. . . . • . . . 125 max. 
A-C VOLTAGE PER Pt, ATE (RMS). . . .. . . . . . . . 400 max. 
D,C OuTPlJT CURRENT . . . . . . . . . . . .. . . . . . . . 110 max. 

2 

3'' { A·C Vot.TACP. PER PLATE (RMS).......... . . 550 max. 
D-C OUTPUT CURRENT . . . . . . . . . . . .. . . . . . . . 135 r1ta.x. 

1vf.~XIMUM OVERALL LEKGTH ...... . . . . ... . . . .... . . · · · · 
MAXIYIU11 DIAMETER ............... . ... . . . .. . , ...... . 

Volts 
Amperes 
\lolts 
Milliamperes 
Volts 
Milliamperes 
Volts 
1v1illi am per es 
5¾" 
2:l/ ,, ··71(1 

S· 17 BULB (See page 42, Fig. 10) .... .. ....... . ........... . 
B.J\.SE ............................ . . .. .. . . . ..... . ... . Medium 4-Pin 

* This rating is permissible only with filter circuits baving :m input choke of at )east 20 bcnries. 

INSTALLATION 
The base pins of the '80 fit the standard four-contact socket which should be 

,nounted preferably to hold the tube in a vertical position. If it is necessary to 
place the tube in a hodzontal position, the socket should be mounted \Vith both of 
the fi lament pin openings, either at the top or at the bottom . This precaution 
locates the fila1nent plane vertical for most satisfactory perforrnance. For socket 
connections, see page 39, Fig. 2. Provision should be 1nade for free circulation of 
air around the bulb since it becon1es quite hot during operation. 

The coated filament of the '80 is designed to operate frorn the a,c line through a 
step,down transformer. 1"he voltage applied to the filament terminals should be 
the rated value of 5.0 volts under operating conditions and average line voltage. 

The approximate d-c output voltage of the '80 for various values of a•c input 
voltages ,nay be obtained f,om the curves. For the d,c voltage available at the 
radio set, it is necessary to subtract the voltage drop across the filter frorn the value 
read from the curves. 

The filter may be of e ither 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 value as measured 
by inost a,c volt1neters. Filter condensers, therefore, especially the input condenser, 
should have a rating high enough to withstand the instantaneous peak value, if 
breakdo,vn is to be avoided. \Vhen the input-choke 1nethod is used, the available 
d,c output voltage ,viii be so mevJhat lovJcr than with the input,condenser method 
for a .given a·c plate voltage. Ho,vever, improved regulation together ,,;vith lower 
peak current \viii be obtained. 

APPLICATION 
As a full-wave rectifier, the '80 may be operated ,vith condenser-input or choke· 

input filter under conditions not to exceed the ratings given under CHARACTERISTICS. 
As a half-wave rectifier, two '80's may be operated in a full,wave circuit \Vith 

reasonable serviceability to deliver more d,c output current than can be obtained 
from · one tube. For this use, the plates of each '80 are tied together at the socket. 
The allowable voltage and load conditions per tube are the same as for full,,vave 
service.. 
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RCA Radiotron 

UX,281 

HALF,W A VE RECTIFIER 

The '81 is a half-wave rectifier tube for use in d·c socket
pO\.ver devices operating frorn the alternating current supply 
line. Full-wave rectification may be accomplished by 
t\VO '81 's. 

CHARACTERISTICS 

FILAMENT VOLTAGE (A. C.) . . . . . . . . . . . . . . . . . . . . 7.5 
FILAMENT CURRENT . .. . . .. . . . . .. . . . . .. . . . . . . . . 1.25 
A·C PLATE VOLTAGE (RMS) . . . . . . . . . . . . . . . . . . . . 700 n1ax. 
D·C OUTPUT CURRENT . . . . . . . . . . . . . . . . . . . . . . . . 85 max. 
M1\XIMU1'{ OVERALL LENGTH .. .... • ....... . ........... . 
MAXIMUM D IAMETER ............ . ............. . ...... . 
BULB (See page 42, Fig. 12) . ...... . . ................ . 

Volts 
Amperes 
Volts 
Milliamperes 
6¼" 
2 '½ r," 
S•l9 

BASE .. . ............ . .... . ........ . ..... ' .......... . Medium 4•Pin 

INSTALLATION 

The base pins of the '81 fit the standard four-contact socket \vhich should be 
1nounted to hold the tube in a vertical position. For socket connections, see 
page 39, Fig. 3. Provision should be made fo r free circu lation of air around the 
bulb since it becomes quite hot during operation. 

The coated filament of the '81 is designed to operate from the a•c line through a 
step•down transformer. The voltage applied to the filament terminals should be 
the rated 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•\vave con• 
nection for various values of a·c input voltages may be obtained fro1n the curves. 
For the d,c voltage available at the radio set, it is necessary to subtract the voltage 
drop across the filter from the value read fro1n the curves on preceding page. 

The filter may 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 value as 
measured by most a·c voltmeters. For this reason, filter condensers, especially the 
input condenser, should have a rating high enough to withstand the instantaneous 
peak value, if breakdown is to be avoided. ' When the input,choke 1nethod is used, 
the available d•c output voltage will be somewhat lo\ver than with the input-con• 
denser method for a given a•c plate voltage. However, improved regulation, 
together \vith lo\ver peak current, \vill be obtained. 

APPLICATION 

As a 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,\vave circuit, but twice 
the d·c output current may be obtained. 

For special applications, it is possible to obtain a d•c output voltage approximately 
double that to be expected from conventional rectifier circuits, without exceeding 
the recon11nended maxi1num a•c input voltage per tube. This is accomplished by 
111eans of a voltage doubling system designed for each particular application. 
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FULL,\VAVE MERCURY,VAPOlZ 
RECTIFIER 

The 82 is a fu]l,,vave mercury,vapor rectifier tube of the hot, 
cathode type for use in suitable rectifying devices designed to 
supply d-c power of unifonn voltage to receivers in ,vhich the 
direct current requirements are subject to considerable variation. 
The excellent voltage regulation characteristic of the 82 is due 

to its low and practically constant voltage drop (only about 15 volts) for any 
current drain up to the full emission of the filament ( see page 4). The 82 is not 

interchangeable with any othe-r rectifier type. 

CHARACTERISTICS 

fILA~1ENT VOLTAGE (.'\. C.) . , ....... . , , , ..... , 2.5 
r!LAMENT CURRENT ........ , , .... · , · · · , , , , , , · · 3 .0 
MAX!MU!.{ A-C VOLTAGE PJ\R PLATE (RMS) . . . . . . . 500 
MAXIMUM PEAK INVERSE \ TOLTAGE .. , ... . , ..... ,. 1400 
MAXIMUM D-C OUTPUT CURRENT, Continuous.. . . 125 
MAXIMUM PEAK PLATE CuRRENT . . . . . . . . . . . . . . . 400 
TunE VOLTAGE DROP, Approximate............... 15 
MAXIMU!.! OvERALL LENGTH ....... . ................. . 
MAXIMU!.i DIAMF.TER ...... , ........ , ....... ,, ·, · .. ,. , 
BULB (See page 42, Fig. 8) ........................... . 
BAS" . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Volts 
Amperes 
Volts 
Volts 
Mi Ilia in perc~ 
Milli,unperes 
Volts 

411L." i'l6 
11:½r" .. ) 

S-14 
Mcdiurn 4,Pin 

MERCURY-VAPOR RECTIFIER CONSIDERATIONS 

The 82 has very lo\\1 internal resistance, so that the current it delivers depends on 
the resistance of the load and the regulation of the power transformer. Sufficient 
protective resistance or reactance 1nust al\\1ays be used with this tube to limit its 
current to the recommended 111aximu1n value. If this value is exceeded, the tube 
voltage drop will increase rapidly and may pennanently damage the filarnents. 

It is characteristic of mercury,vapor rectifiers that no appreciable plate current 
will flo\v until the plate voltage reaches a certain critical positive value. At this 
point the p late current rises steeply to a high value in a small fraction of a second. 
This surge of current re,occurring each ti1ne either plate becomes positive may 
excite circuits in the vicinity of the tube to damped oscillation and thus cause noisy 
radio receiver operation. It is usually necessary, therefore, to provide small 
radio,frcquency chokes in series with each plate lead so that the slope of the cur, 
rent wave front to the filter is reduced sufliciently to eliminate i1npact excitation. 

INSTALLATION 

The base of the 82 is of the medium 4-pin type. Its pins fit the standard four, 
coutact socket ,vhich should he installed to operate the tuhe in a vertical position 
with the base down. Only a socket making very good filament contact and capable 
of carrying 3 amperes continuously should be used. Poor contact at the filament 
pins will cause overheating at the pins and socket, lowered filament voltage, and 
also high internal tube drop ,vith consequent injury to the tube. for socket connec, 
tions, see page 3 9, Fig. 2. 
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The bulb becornes hot during continuous operation. Provision should be made, 
especially if shielding is ernployed, for adequate natural ventilation to prevent 
overheating. 

The filament is of the coated type and is intended for a,c operation froxn one 
of the secondary ,vindings of a power transforxner. This ,vinding, provided \vith 
a center-tap or center,tap,resistor, should supply at the filament terminals the rated 
operating voltage of 2.5 volts ,vhen average rated voltage is applied to the prixnary. 
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 
irnperative that all connections in the filarnent circuit be of low resistance and of 
adequate current-carrying capacity. 

The plate supply is obtained frorn a center,tapped high voltage winding designed 
so that the 1naxirnu1n 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 cour.e, be low if full advantage of the excellent regulation 
capabilities of this rnercury,vapor rectifier is to be obtained. Since the drop 
th rough the tube is practically constant, any reduction in rectilied voltage when 
the load is increased is due to the drop in the transforrner and/or the filter wind
ings. The return lead fro xn 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, rnay be necessary to 
elin1inate 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 
rnillihenry or more. 

A fuse having a rating approximately 50% 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 flo,v under abnorrnal 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 socl{et. 

APPLICATION 

The 8 2 is recommended for supplying d,c power to receivers, particularly those 
en1ploying Class B audio a,nplification (see page 15). The direct current re
quirernents of such receivers cause considerable variation in the load impressed 
on the rectifier tube. 'fhe 82 is especially suited to take care of this load demand 
with excellent regulation. 

Filter circuits of either the condenser-input or the choke-input type may be 
exnployed provided that the maximum voltages and currents tabulated under 
CHARACTERISTICS are not exceeded. If the condenser-input type of filter is used, 
consideration must be given to the instantaneous peak value of the a,c input 
voltage \Vhich is about 1.4 times the RMS value rneasured froxn plate to filament 
with an a•c voltmeter. It is in1portant, therefore, that the filter condensers ( espe• 
cially the input one) have a sufficiently high break-down rating to ,vithstand this 
instantaneous p_eak value. It should be noted that \vith condenser input to the 
filter, the peak plate current of the tube is conside.rably higher than the load cur
rent. \Vith a large condenser in the filter circuit next to the rectifier tube, the 
peak current is often as much as fo ur times the l()ad current. When, however, 
choke input to the filter is used, the peak plate current is considerably reduced. 
This type of circuit, therefore, is to be preferred from the standpoint of obtaining 
the maxi1num continuous d·c output current from the 82 under the most favorable 
conditions. 

Under operating conditions, the 82 has a bluish-white glov,1 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 inherent operating 
characteristic of the 82. 
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UV,199 A.ND UX,199 

DE1'ECTORS, AMPLIF!El\.S 

The '99 types are three-electrode, general purpose 
cubes designed for dry-cell operation. T he low power 
consu,nption of these tubes ,nakes the1n applicahlc to 
portahlc receivers and services \vhcrc po\ver cconorny 
is important. The t\VO types have d ifferent bases. 

CHARAC1"ERISTICS 

FILAMll:--lT VOLTAGP, (D. C.).. .. ....... . . . 3 .0-3 3 
rILAMENT CURRF.NT . . . . . • . . • • . . • • . • . . • . 0.060-0.063 
PLATE VOLTACF. . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . 90 inox . 
GRID VOLTAGE . . . . . . . . . . • • . . . . • . . • . . . • . . . . . . . - 4.5 
PLATE CURRENT . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 2.5 
PLATE RESISTANCF. . . . . . . . . . . . . • • . . . . . . • . . . . • . . 15500 
/\MPLlflCATION FACTOR .•. •.... . ... . . .. . .. . , . . . . 6.6 
MUTUAL CONDUCTANCE . . . . . . . . . . . . . . . . . . • . . . . 4'2 5 
GRID-PLA'l'E CAPACITANCE . . . . . • . . . 3.3 
GRll)-FILA}.,ff.NT CAPACITANCE . . • . • • 2 .5 
PLATF.-fJl.AMENT CAPACITANCE . . . . . 2.5 

\lo ll¢ 
.l\,npere 
Volts 
Volts 
Milliamperes 
Ohms 

Micr<Hnhos 
µµf. 
µµf 
~tµf . 

MAXIMUM OVERALL LENGTH ..... . 

Type '99 
3½" 

X -'I'ype '99 
4½" 

M-1.XIMUll.f DIAMETER .........•... 1 ½n" 
T-8 (Fig. 3) 
Small 4-Nuh 

BULB ( See Figs. on page 4 2) . .... . 
BASE ...... . . ' ................. . 

INSTALLATION 

1 =½ r." 
T-8 (Fig. 1) 
Small 4-Pin 

The bnsc pins of the X-'fype '99 fit the standard four-contact socket whi le the 
'99 fits only the small shell socket \Vith bayonet slot. The socket should be installed 
so that the tubes v.•ill operate in a vertical position . Cushioning of the socket in 
the <letector stage may be desirable if 1nicrophonic <listurbancrs are encountered. 
For socket connections of X-Type '99 and of '99, see page 39, Fig. 1 and rig. 10, 
respectively. 

The fil.nnents in these tubes ,ire de~igne<l for operation v,ith three No. 6 dry, 
cells connected in series. ln nn1lti •tuhe receivers the \I SC o f six or nine No. 6 
dry-cells connected in series-parallel to give: 4.5 , ·olts will decrease the current drain 
per cell and give a ,nore stable source of filan1ent power. If storage-battery opera
tion is preferred, a four -volt storage battery may be used. In any c;ise, a filament 
rheostat should be provided so t hat the fila n,cnt voltage can he adj\1sted to the 
rccom mended operating value. 

A.PPLICA'fJON 

As detectors, '99's 1nay be opcraie<l either with grid leak and condenser or ,vith 
grid bias. The recommended plate voltage for the forn1cr method is 45 volts. /\ 
grid leak of fro1n 1 to S megoh1ns used with a grid condenser of O 00025 µf. is 
satisfactory. The grid circuit retu rn should be connected to the positive fila,nent 
terminal. For grid bias detection the maxirnum plate voltage of 90 volts may be 
used ,vith the corresponding negative grid bias of 10.5 volt$. The grid bias ,hould 
be adjusted so that the plate current is 0.2 mi llia rnpere with no a-c input signal. 

As atnplifiers, '99's arc applicable to the au<lio, nr the radio-frequency stages 
of a receiver. Recommended plate and grid voltages are sho\>✓n under 
CH ARACTF.RISTlCS. 
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