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FOREWORD

This DATA BOOK has been prepared by the
Raytheon Production Corporation to fur~
nish in compaoct form the chief technical
data on the complete 1line of radio broad-
cast receiving tubes, In addition to
the maximum ratings and values of essen-
tial characteristics there are given in
this booklet the more important charac-
teristic and operating ourves for each
aoctive tube, The information given by
these curves may well be even more valu-
able and useful than the retings and nom-
inal characteristics, This information
has not heretofore been generally avail-
able in oconvenient and readily acocessi-
ble form, Muchof it has previously been
obtainable only by a limited number of
receiver designengineers, Dataare given
on all tubes that have been at all wide-
1y used in the past in receivers and ame
plifiers that are still handled in the
trade as replacements; also on all types
that are being used in new receivers in-
cluding all new types announcedup to the
end of 1937.

To make this booklet of maximum usefulnesas
an introductory sectionhas been inoluded
whioch gives brief desoriptions of the
various oclasses of tubes and how they
operate; definitions of the various tube
characteristics and terms and explana-
tiona of how these quantities may be de-
termined from the characteristic ourvesj
simple oircuit diagrams showing the es=~
sentials of the various sections of a
modern radio receiver,inocluding the new-~
er- features, and convenlent charts for
determining the proper values of certain
tube circuit constants and operating volt-
ages,

For completeness there have been included
the essential data on Raytheon resistor
tubes and panel lamps for radio receiv~
ers,

This booklet has been designed for the
use of design engineers, radio dealers,
servicemen and members and customers of
the radio industry generally, iuech
tizought and labor has been devoted to its
preparation. It 1s our hope that it will
prove really useful and at the same time
acquaint you with Raytheon tubes and
Raytheon Engineering Service.
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TUBE ELEMENTS

A radio tube, or vacuun tudbe, 1s a vacuum device in which electric current
flows, as a stream of electrons, through the evacuated space from one elec-
trode to another, A HIGH VACUUL TUBE 1s one in which the degree of vacuum
1s so high that the characteristics of the tube are not affected by gas
ionization. liost radio receiving tubes are of thls class, A GAS TUBE 1s
one which has a gas filling, usuallyat relatively low pressure,and in which
gas lonization 1s essential to the normal operatlorn of the tube. Types 82
and 0Z4G are examples of thils class.

CATHODE The cathode 1s the electrode which supplies the electrons neces-

sary for the operation of the tube. In general the cathcde must
be heated to obtaln sufficlent emiscion of electrons. A FILAMEWTARY CATHODE
is in the form of a wire or ribbon through which heating current flows and
1s sometimes called a "directly heated" cathode. In some of the earlier
receiving tubes, such as the 199 and the 201A, the cathode 1s a filament. of
thoriated tungsten and 1s normally operated at a temperature of approximate-
1y 1700°C. In more recent types, such as the 26, 45, and 1A4, the cathode
18 a wire or ribbon of nickel or nickel alloy coated with the oxides of
barium and strontium and is normally operated at 600° to 800°C, A UNI-PO~
TENTIAL, or "indirectly heated", cathode consists of a metal sleeve, usually
nickel, which encloses an insulated filament,or heater, through which heat-
ing current flows, The cathode sleeve 1s generally coated with the oxides
of barium and strontium and is operated normally at 600° to 800°C,

PLATE The plate, or anode, 1s the electron collector element of a tube and

1s normally the oneto which the main portion of the electron stream
flows, It 1s usually in the form of a cylinder of thin metal and may be
circular, oval or rectangular in cross-section, In some tubes the plate 1s
carbonized to incrcase 1ts heat radiating ability.

GRID A grid is an auxiliary electrode prlaced between thc cathode and tl.e

plate. It usually consists of a spiral of wire fastened at each turn
to one or more, usually two, longitudinal support wires. In cross-sectlon,
the outline of a grid may be circular, oval or rectangular, The grid spiral
is usually of uniform pitch, but some tubes employ VARIABLE MU GRIDS in
which the turis are not uniformly spaced., In a few cases the srid consists
merely <f two vertical wires or strips of metal, The grids in a rultl-grid
tube are corronly referred to by numbers indicating their position radlally
with respcct to the cathode, number 1 grid being adjacent to the cathode,
Grids are also referred to by names indicating their function, A COITROL
GRID, or input grid, is one to which an input siznal voltage is avplied and
which mocdulates tie main electron stream 1n accordance with the input sig-
nal, A SPACE CHARGE GRID is a grid placed in the electron stream and posi-
tively charged to partlially neutralize the space charge effect cnused by the
cloud of electrons surrounding the cathode, A SCREEN GRID is an auxiliary
grid placed hetween the control grid and the plate and cperated at a pocl-
tive d-c voltare with respect to tiie catiode, Besides accelerating the
electrons toward the plate, a screen grid acts as an electrostatic shield
and reducec tiie canacity between trie plate and the control zrid., A SUPPRESSOR
GRID 1s a gric¢ oplaced Dbetween the screen ;irid ané¢ the rlate and connected
to a point of low potential to prevent the passase of low velocity cec=-
ondary electrons oricsinating cither at the plate or at the screen grid, In
some tubes it is connected internally to the cathode and in others it 1s
connccted to a separate base pin, In some pentagrid tubes,such as the type
6A7, the nurber two grid,which serves as the anode for the oscillator sec-
tion, 1s called the AUODE GRID, The term ALIGHED GRIDS refer: Soa pair of
adjacent grids havi tire same number of turns per inci. and yrinced so tiat
cach turn of one gricd lies in the same horizontal plane with the correspond-
ing turn of the adjacent grid. The grids usually alisned are tie control
¢rid and thc screen crid in scume tetrode and pentode power amplifier tubes,
This arrangement causes tiie electrons to flow in flat beams between succes-
sive turns cf thc alicned crids, Since the screen grid wires are out of tie
direct path of the clectrons, fewer electrons reach the screen prid and the
screen grid currcnt is lower thanthat of similar tubes without alizned grids.

TUBE CLASSIFICATIOKN BY STRUCTURE

Radio tubcs may he classified accerding to tie number of cleunents or elec-
trodes they contain.

A DIODE i1s ti:c simplest form of tubc and contalns two clements, a catlode
and a plate., Tyres 1 and 1223 are examples of this class,

A TRIODE or three element tube, contains a cathode,a zrid and a ulate, as
for example, typos 27 and 2A3,

A TETRODE 1s a four element tube having a catihiode, two grids and a plate,

Tle narme SCREEY GRID TUBE 1s souctirics used fer a tetrode, such
as the type 24A, in wiilch the outer ~rid 1s operated as a screen ¢rid, One
type of tetrotc 1c a BEAL FOWEK TUZE 1n which ti:e clcctrodes ore so zpaced
tiat thie clectron ctream is confined to relatively narrow paths, or beans,
and suiTlicicrt space chariie 1sbullt up octween the screen rrid and the rlote
to urevent any appreciable flow of secondary clectrons hetween them, fiuie
electron heans are procuced by the use of aligned gricds and deflector plates
partislly surrcundins tuc cereen grid suppert rods and conncceted clectricale
ly to tuic catiinde. 7Tiie SL6 and 8G are bean power tubes,

A PEITODE 1s a five clenent tube which contains a cathode, three gricds and
a plate, types 77 and 42, for examnle.
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A HEXODE 1s a six element tube containinga cathode, a plate and four other
electrodes,

A HEPTODE 18 a seven element tube havinga cathode, a plate and five other
electrodes, usually grids, PENTAGRID is another term applied to
this type of tube. Types 6A7 and 6L7 are in this classification.

A WULTIPLE UNIT TUBE 1s one containing two or more sets of electrodes, or

units, in the same envelope, In some types a single
cathode, common to both units, 1s used; in others separate cathodes are used,
Each unit can usually be operated as if i1t were a separate tube in its own
envelope, A two unit tube is often referred to as a DUO-or DUPLEX- TUBE,

A DUO-DIODE 1s a duplex tube containing two diode units, as a type 80 or
a 6H

A DUO-DIODE TRIODE 1s a duplex tube containing a duo-dlode unit and a tri-
ode unit, as a type 75,

A DUO-DIODE PENTODE 1s a duplex tube contalninga duo-diode unit and a pen-
tode unit, as a type 6B7.

A DIODE=-PENTODE 1s a duplex tube containing a diode unit and a pentodes
unit, as a type 12A7 or a 25A7G.

A TRIODE-PENTODE 1s a duplex tube containing a triode unit, and a pentode
unit, as a type 6F7,

A TRIODE-HEPTODE 1s a duplex tube containing a triode unit and a heptode
unit,

A TWIN TUBE 1s a duplex tube containing duplicate units, types 6A6 and
7G, for example,

TUBE CLASSIFICATION BY FUNCTION

Tubes may be further classified according to their uses or funotions in a
ocircuit,

A RECTIFIER TUBE usually a diode ora twin diode, is one used in obtalning
a direct current or voltage from an alternating current
supply.

A HALF-WAVE RECTIFIER TUBE i1s one used in a half-wave reoctifier circult

and in which current flows only during alter-
nate half-cycles of the a-c¢ supply voltage. A half-wave rectifier tube is
usually a diode such as a type 81 or a 1223, ilowever, a triode like the
type 37 or other multi-electrode tube may be used by connecting the grid or
grids to the plate to form a diode

A FULL-WAVE RECTIFIER TUBE 1s a twln diode used in a full-wave rectifier

cirouit in whioch the two dlodes are so connected
that current flows through one diode during one half-cycle and through the
other dlode on the alternate half-cycle of the a-c supply voltage. Two
separate diodes may be used instead of a twin diode in a full-wave oircuit,

A VOLTAGE DOUBLER TUBE 1s a twin diode tube having separate cathodes in-

sulated from each other so that the two aeotions
may be connected in series in a voltage doubler circuit, Although a twin
diode tube is usually used in this circult, two separate diodes may be used
to accomplish the same result,

AN AMPLIFIER TUBE i1s one used to amplify a voltage applied by the input

circuit between two electrodes, a control grid and the
cathode, An amplified voltage appears in the output circuit, usually the
plate circuit and a portion of this voltage is developed across the load
impedance.

A VOLTAGE AMPLIFIER TUBE is an amplifier tube used to supply an amplified
voltage to another tube which may be another volt=
age amplifier tube, a power amplifier tube or a detector tube,

A POWER AMPLIFIER TUBE i1s an amplifier tube used to develop a relatively
large amount of power, as contrasted to voltage, in
the output circult and may be a triode, a tetrode, or a pentode,

A REMOTE CUTOFF ALPLIFIER TUBE i1s one that requiresa relatively high neg-

ative bilas on the control grid to reduce
the plate current and transconductance to zeroor to very low values, Rela=
tively larse signal voltages may be applied to tubes of this class without
producing serious oross modulation or modulation distortion, Most remote
cutoff tubes are made with a variable-mu control grid.

A DETECTOR TUBE is one used te separate the low frequency component of a

modulated signal from the high frequency carrier of radio
or intermedlate frequency. Various types of tubes,diodes,triodes, tetrodes
and pentodes may be employed as detoectors,

AN OSCILLATOR TUBE 1s an amplifier tube operated in a suitable circuit to

produce a-c powoer when supplied with d-c power, Tri-
odes such as types 76 and 6J5G, are commonly used as oscillators in super-
heterodyne receivers,
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A MIXER TUBE is one in which two applied voltages of different frequency

are combined, or mixed, to produce beat frequency voltages
which are equal to the sum and difference of the applied frequencies, in the
output circuit,

A CONVERTER TUBE 1s a special form of mixer tube in which one of the two

combining voltages is produced by self-oscillations in
the tubo 1tself, The 6A71s one of the tubes designed specially for conver-
ter service but other multi-grid types, such as the type 77, have been used.

AN ELECTRON RAY TUNING INDICATOR TUBE 1s a tube in which an electron beam

causes a luminous area to appear on
a fluorescent screen, or target, The shape and size of this luminous area
vary in accordance with the voltage appliedto the control grid of the tube,
glving a visual Indication of the changes in the control grid voltage, Usu=-
ally this tube 1s a duo-triode, one section funotioning as a d-c amplifier
and supplying an amplified d-o voltage to the control electrode of the tar-
get section., The 6E5 1s an example of a tuning indicator tube,

FUNDAMENTAL CHARACTERISTICS OF RADIO TUBES

A radio tube, as a circuit element, exhlbits some electrical characteris-
tics, such as resistance and capacitance, which are similar to those of other
circult elements and, 1in addition, it has other characteristics which are
unique, Since the current=voltage relations of a tube usually are not
linear, the d-c current flowing between two electrodes is not directly pro-
portional to the d-c voltage between them, For this reason, the a-c or vari-
ational characteristics depend on the d-c voltages anplied between the ele-
ments and are not the same for large amplitudes as for small, Trerefore,
the characteristics of a tube, as a circult element, are commonly expressed
in terms of their values for a-c current and voltage of very small ampli-
tudes, and with specified values of d-c voltage applied to the various elec-
trodes, It 1s necessary to distinguish between the d-c voltages anrlied to
the various electrodes, vhich determine only the operating conditions, and
the a-c voltages which are being amplified, The cathode isusually consi-
dered as the zero or reference point of voltage and the voltage between the
cathode and any other electrode is designated as the voltage of that elec-
trode, as for example, PLATE VOLTAGE, SCREEN-GRID VOLTAGE, and GRID VOLTAGE,
The d-c voltage on the control grid is commonly called the GRID 2IAS.

RECTIFIERS In a radlo tube, the electrons origlnating at the cathode are

attracted to any electrode which 1s at a positive potential
with respect to the cathode and repelled from any electrode which 1c at a
negative potential, Diode rectifier tubes depend on this fact for their
operation, as plate current can flow only during the half-cycle when the
plate is positive, The important characteristic of a rectifier tube is the
STATIC PLATE CHARACTERISTIC, a curve showlng the relation between the d=-c
plate voltage and current, Typical dlode plate characteristic curves may
be found in the rating and characteristic data section under any rectirfier
tube type, for instance, the type €1, At low plate voltages the plate cur-
rent increases approximately as the 5/2 power of the plate voltage, At high-
er plate voltages the plate current approaches the total electron emission
of the cathode, which 1s the maximum value of plate current obtainable at a
certain cathode temperature, A derived characteristio is the relation be-
tween the d-c output current and voltage in a typical rectifier circuit.
Typical curves may be found in the rating and characteristioc data section
under any rectifier types, such as the type 80, Since the values shcvm by
the curves are dependent on the circult constants, transformer resistance
and reactance and smoothing filter characteristics, they shouldbe used only
to indicate the tube performance under certain arbitrary, but usually typi-
cal, operating conditions.

AMPLIFIERS In amplifier tubes, the amplification depends on the fact that

a small voltage applied to the control gridhas the same effect
on the plate current as a much larger voltage applied to the plate, A meas-
ure of this amplifying effect is the ALPLIFICATION FACTOR, g or mu, which
indicates thc relative effectiveness of tire grid voltage versus the nlate
voltage in controllinz the plate current, It 1s equal to the quotlent of a
small change in plate voltage divided by the compensating change in zrid
voltage necessary to maintain the plate current constant, TIE TRAI!SCOIiDUCT=~
ANCE or MUTUAL COLDUCTANCE, Gy, of a tube is a factor indicating the magni=-
tude of the controlling effect of the control grid voltaze on the plate cur-
rent, and is expressed in microm::os vhichare equivalent to microamperes per
volt, It is equal to the quotient of a small change in plate current di-
vided by the change in ;rid voltage producing it, wiien all other elements
voltages are constant and there is no external 1impedance in the plate cir-
cult., The PLATE RESISTAICE, Rp, of a tube is the effective internala-c re-
sistance between the plate and cathode. It is expressed in ohms and. 1s e=-
qual to the quotient of a small change 1in plate voltasc civided by the ac-
companyin;: chanre in plate current, with constant voltazes on tihe other el-
ements and no external imvedance inthe plate circuit, Amplification Irctor,
transconductance and plate resictance are connected by tre relatiant»,/RD'
hence any one of these quantities may be found if tie other two are known,
In multi-grid tubes there may be several values of amplification ractor and
transconductance, depending on which element 1s used as the control rid and
which element as the plate, as for example,zgrid #1 to csrid#2 transccnduct-
ance or grid #l1 to plate transconductance,or grid #3 to plate iranscorcduct-
ance,

RAYTHEON ENGINEERING SERVICE 7



An amplifier tube may be considered as an a~0 generator whose generated
e.m.f., or open-oircult voltage 1s the product of the amplification faotor,
u, and the a-o grid voltage, Eg, The voltage, WE;, appears in the plate
circuilt in serles with the pla%e resistance, Ry, wﬁich corresponds to the
internal resistance of the generator, The transconductance is the short-oir-
cult a-c¢ current per unit of a-o grid voltage.

The VOLTAGE AMPLIFICATION or VOLTAGE GAIN is the amplification obtained from
a tube in connection with 1ts associated circuilt, and i1s equal to the quo-
tient of the a-c voltage, Ey, developed across the load resistance, Rp, di-
vided by the a-c grid voltage, Eg. Since the a-c voltage generated in the
output circuit of a tube 1s in series with the plate resistance, the a-o
voltage developed across the load resistance depends on the relatlve values
of Rp and Rr,, The voltage amplificationis given by the followlng formulas:

L AR G o R,
VOLTAGE GAIN '_‘_p,, e ———&—‘—q’ 7, (1)

TRIODES The static plate characteristic curves of a triode are similar to

those of a diode, except that a family of curves is usually given,
each curve corresponding to some arbitrarily chosen value of grid bias,
Typical triode plate characteristic curves may be found in the rating and
characteristic data section, for instance, under the types 6F5, 76, or 6Q7,
The other family of curves under the types 6F5 and 6Q7 shows the same 1in-
formation in another form, the relation between the d-o grid voltage,or blas
and the d-o plate current for several values of d-o plate voltage, The am~
plification factor may be determined from the plate family of curvesbyfind-
Ing the plate voltage, at constant plate current, corresponding to two val-
ues of grid blas, The amplification factor 1s then equal to the quotient
of the change in plate voltage divided by the change in grid voltage, The
transconductance 1s equal to the slope of the plate current va,grid voltage
curve at any point where its value 1s desired, The transconductance may
also be determined from the plate family of curves by finding the change in
plate current, at constant plate voltage, corresponding to a change in grid
blas, The transconductance, in micromhos, i1s then equal to the change in
plate ourrent in microamperes divided by the change in grid voltage, The
plate resistance equals the slope of the plate current vs.plate voltage curve
at any point where 1ts value 1s desired, Thus,the three fundamental char-
acteristics of a tube may be determined approximately from the static char-
acteristic curves, In determining amplification factor, transconductance
and plate resistance from the statlc characteristic curves, greater accura-
¢y will be obtained if the increments read from the curves are as small as
can be read conveniently,

TETRODES The plate current vs.control grid voltage curves of a tetrode are

similar to those of a triode,but the plate current vs.plate volt-
age curves are quite different, as may be seen by referring to the plate
characteristic curves of a typical tetrode,such as the type 24A, At values
of plate voltage higher than the screen grid voltage, where a tetrode 1s
usually operated, the plate current eurves are relatively flat, indicating
high values of plate resistance and amplification factor, In this region
the value of plate current depends more on the value of d-c¢ soreengrid volt-
age than on the value of d-c plate voltage, At plate voltages lower than
the soreen grid voltage the values of plate current are unstable due to the
effects of SECONDARY EMISSION, When the plate, or any other electrode, is
more than about 12 volts positive the electrons which strike it cause it to
emit secondary electrons, These electrons maybe pulled back to the plate,
or, if there 1s another electrode nearby at a higherd-c potentlal, they may
be drawn away from the plate to the higher potentlal electrode, In the re-
glon of the plate current characteristics where the plate is at a low d-c
potentlal, the secondary electrons are drawn to the screen grid, decreasing
the plate ocurrent and increasing the screen current correspondingly. In the
operating region where the plate i1s at a higher potential than the soreen
grid, the plate ourrent is increased and screen current decreased by second-

ary electrons from the soreen grid. The amount of secondary emission 1s
largely dependent on the surface condition of the electrodes and wusually
varies widely in different tubes, Tetrodes are ordinarily not operated

under conditions wi:ich rcrmit tire p.ate voltage to fall below the soreen grid
voltage unless the design of the electrodes 1s such that secondary emission
i1s largely eliminated, In beam power output tubes, which are tetrodes, the
effects of secondary emission are largely eliminated and the characteris-
tica resemble those of rentodes.

Because of the electrostatic shielding effect of the soreen grid, the con=-
trol grid to plate capacitance of tetrodes is very much lower than that of
triodes, Tetrodes designed for use in high frequency stages usually con=~
tain additional shields placed outside cf the electron stream in such a way
that the grid to plate capacitance 1s still further reduced, This feature
makes tetrodes more suitable than triodes for use in amplifying r-f or 1-f
frequencies wwhere large grid to plate capacitances would tend to cause os=
oillation or instability. The high amplification factor and plate resis-
tance of tetrodes permit hish gain and selectivity with the tuned circuits
ordinarily used at high frequencies. The hich amplification factor also
permits high gain in resistance coupled audio frequency a=uplifiers,

PENTODES The plate current vs, plate voltage curves of a pentode resemble

those of a tetrode with the important exception that there 1s no
abrupt dip in tle curves at the point where the plate voltage equals the
screen grid voltage, Refertothe plate characteristic curvec of types 6C6,
42, eto., In the rating and characteristic data section for typlcal pentode
curves, This improvement in characteristics results from the effect of the
suppressor rrid, #3 grid,which prevents ti:e pacsage of secondary electruns
between the plate and the screen grid, The plate current curvesare flatter
than in corresponding types of tetrodes, hence the plate resistance and am-
plification factor are correspcndingly hicher, Pentodes may be used for
the sarie service as tetrodes and have the seme advantages of low (rid to
plate capacitance and high amplification factor and plate resistance, In
addition, since the plate current curves are smooth over a wide rance of
plate voltage, pentoded can be orerated as power ampliflers et larre ampli-
tudes of a-c voltage and current.
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MIXER OR CONVERTER TUBES An important oharacteristic of a mixer or oon-

verter stage 1s the CONVERSION TRANSCONDUCTANCE
which 1s equal to the quotient of the beat frequency, or i-f, component of
the plate current divided by the r-f signal voltage on the control grid,
with no impedance in the plate ocircuit and constant d-c voltageson all the
electrodes, In converter oiroult calculations, conversion transconductance
ocorresponds to transconductance in single frequency amplifier circuits. The
TRANSLATION GAIN of a mixer stage 1s analogous to the voltage gainof an am-
plifier stage, and 1s the ratio of the 1-f output voltage appearingacross
the plate load impedance, to the r-f signal voltage applied to the control
grid, 1Its value depends on the circuit oonstants as well as on the mixer
tube charaoteristlos and operating conditions, The CONVERSION PLATE RESIS-
TANCE of a mixer tube 1s the effective plate resistance to the beat fre-
quency, or 1-f, component of the plate current and corresponds to the plate
resistance of an amplifier tube, A pentagrid converter tube is ordinarily
operated as 1f it consisted of two sections, each having its own ocontrol
grid, both grids simultaneously controlling the plate current in accordance
with the separate grid voltages. The curves in Fig. 1 and Fig, 2show the
effect of the inner number 1 and the outer number 4 control grid voltages
respeoctively on the plate current and on the current to grid number 2 which
serves as the anode of the inner section, The negative relation between the
voltage on the outer control gridand the anode current of the inner seotion,
shown in Fig, 2, 1s typiocal of pentagrid tubes. Each section has the char-
acteristics of amplification factor, plate resistance andtransconductance,
the values depending on the d-o voltages applied to the elesctrodes of both
sections,

TUNING INDICATORS For typical tuning indicator characteristlec curves re-

fer to the type 6E5 1in the rating and characteristic
data section, The curve of shadow angle vs.grid blas 1s the most important
as 1t shows the range of grid voltage necessary to completely control the
pattern on the fluorescent target.
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TUBE APPLICATION AND CIRCUITS

RECTIFIERS In the application of rectifier tubes care should be taken that
the published maximum ratings are not exoeeded, Rectifier tubes
are rated for MAXIMUM A-C PLATE VOLTAGE, the maximum RiiS value of a-6 volt-
age that should be applied to the plate of the tube and for MAXIWUM D-C OUT-
PUT CURRENT, the highest value of d-o plate current, averaged over one a-o
cycle, at which the tube should be operated. They are also rated for HAXI-
MUM PEAK PLATE CURRENT, the maximum instantaneous peak value of plate our-
rent that should be permitted to flow through the tube and for MAXIMUM IN=-
VERSE PEAK VOLTAGE which 1s the maximum instantaneous peak value of plate
voltage that should be anplied to the tubc drrinr the half-cyocle vhen the
plate ic negative and no current is flowing to the plate, THE VOLTAGE DROP
1s the d-c plate voltage corresponding to some specified value of d=-o plate
ourrent, usually equal to the maximum d-c output ocurrent per rlate.

A typlcal half-wave rectifier circuilt

is sho»‘mti?i}?‘ig. f anzii aitygical4ﬁul- TYPICAL HALF WAVE RECTIFIER
wave rec er circuit in . 4, A

oondenscr input filteris shcvmg in each c/ircUlT
oircuit, IfCy were omitted the filter
would be a choke 1input filter, With
condenser input the d-c output voltage

will be higher and the regulation over

the workin; range poorer than with
choke input. Increasing the capacity

of C1 will increase the d-¢ output volt-

age, but will also increase the peak v
plate ourrent and the inverse peak volt- /7
age applied to the tube, Some filter 60V
circuits ermploy two chokes in series,

as shovm in Fl-, 4, to further reduce

the huwm voltage. In come cases the
plate supply for tiic output stace 1is
taken fromthe first chole and the rest

of the tubes supplied through both
chokes, This allows a smaller choke FlG. 3
with a lower current rating to be used

for Ly, and improves the rezulation of

the output voltage.

RAYTHEON ENGINEERING SERVICE 9



TYPICAL FULL WRVE PRECT/FIER CIRCYIT

+
e
v - 5Y36 % ZI—"_’;”
60~ K . L
aT\ % S| oc oureur
>§ 2-8uf" VOLTRAGE
F/G. &4

Fig, & shows a voltage doubler circuit

such as is sometimes used in receivers TYPICAL WLTHGEMBLERC/KU”

opcrating directly from the a-c¢ line

without a power transformer. The d-o JE—— -

output voltage will be somewhat less <—9 25264

than twice the value which would be ob- v Su,

tained with a half-wave rectifier, Its ”7~ —— &'5

value deponds on the capacity of con- 60 — 8&

densers, Cj,and on the d-o output cur~ Ua‘

rent, as shown by the curves for the >

25Z5 tube, c b—:

ANPLIFIERS Two general types of am- e +‘ St
plifiers are used in radio P4

recclvers,hish frequency amplifiers for :S —

radio and intermediate frequencies and 4,§ 9-32F

low frequency amplifiers for audio fre- Eb Gl

quencies, IIizh frequency amplifiers

arc usually transformer coupled and may

be used over a rangc of frequencles as o

in a tuned r-f receiver,or at a single FIG 5

frequency as in the i-f amplifier of a

superheterodyne rcceiver, Pentode or tetrode tubes are commonly used in

hizh frequency arplifiers because of their low grid to plate capacitance and
hizh values of transconductance and plate resistance. Fig.6 and Fig.7 show
typical hizh frequency amplirier circuits suchas are used in a tuned r-f re-
celver and in a cuperheterodyne receiver.

TYPICAL TUNED R-F AMPLIFIER AND DETECTOR CIRCUIT

78 0R 6X76 78 0R 6K76 6J76
R-F AMP R-F AMP DETECTOR
SE=S S J
Yo, ﬁg
6.3¥ 63 ] T0A-F
- | AMPLIFIER

sarrr

e
f
%t
N i
s
ol

gfn ¥

So008
Q0QJ

0o
Q)

B3
AT £
N > S
Son oﬁ" 50000 5:§
Ly ~mwwm MMV ]
e 150004 100002 42507

FlG. 6
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TYPICAL SUPERHETERODYNE RECEIVER CIRCUIT WX
€%

78 OR 6K76 6A7 0R 6ABG 78 0R 6K 76 75006866 RF
R.ERAMPLIFIER CONVERTER I-FAMPLIFIER  DET, AV, AF AMR, 1 &

8
AT

500000 Tanmn

T
~

Q00

)t

ai || Lo

1t
%0002 2 Re
.0005uf § N 3
S B3
20000
\ o.Luf
J: 21
= I »250"
FlG.7

Low frequency amplifiers may be transformer coupled or resistance coupled,
Transformer coupling 1s usually used with low-mu triodes and resistance
coupling with high-mu triodes,tetrodes or pentodes. Fig, 8 shows a typical
resistance coupled a-f amplifier stage using a triode and Fig, 9 shows a
pentode resistance coupled a-f stage. The values of resistors and conden-
sers used 1n these circuits may be found by referring to the Resistance
Coupled Amplifier Design Curves on page23.

TYPICAL RESISTANCE COUPLED R-F AMPLIFIER CIRCUITS
TRIODE PENTODE

TO GRID
OF
> FOLLOWING
TUBE
A Rs
Ls,
T % “1
= ‘Eb
FlG. 9

An amplifier stage may use one tube, or two tubes connected in parallel or
in push-pull, In a push-pull amplifier stage the two tubes are connected
in such a way that the two grid circuits are effectively 1in series and the
two plate circuits likewise, Equal signal voltages 100° out of phase, are
anplied to the two grids by a center-tapped transformer or by a phase in-
verter circuit, The a-c plate currents and voltagzes are combined in the
output circuit to give approximately twice the power output obtainable from
a single tube operating under the same conditions, and the second and other
even order harmonics cancel out, Fig, 10 shiows a typical push=-pull power
amplifier stage transformer coupled to a driver stage. Transformer coupling
18 used where power 1s supplied to the push-pull grids as in Class AB or
Class B operation, Either transformer or phase inverter input may be used
where the output stage requires no driving power.

RAYTHEON ENGINEERING SERVICE 11



TYPICAL PUSH-PULL POWER AMPLIFIER -CLASS AB2

DRIVER
92 OR6F6G 42's OR 6F6G's
TRIODE PENTODES
25uf
10 -
TRANSFORMER SPERK!
RATIO PRIMARY VA
-F 0 % SEC<1.67 3490
INPUT NG 4
>
+375Y
FlG. /0 1 +250¥

A PHASE INVERTER circuit is shownin Fig, 11, The signal voltage for triode
R 1s obtained from the tap, P, on the resistor Rg, 1in the output circuit
of the other triode. This tap should be adjuséad 80 that the signal volt-
age applied to triode R 1s equal to the input signal on the grid of trilode
L. For example, 1f the voltage gain of triode L is 25, the tap, P, should
be adjusted to supply 1/25 of the voltage across Rgto the grid of triode R.

TWIN TRIODE PHASE /I VEPTEI'IE
TRIODE L TRIODE @ LU

A=
55y

2 £| 3%

X 5
FIG. I/

Amplifier stages are classified with respect to the tube operating conai-
tions and the relation between the grid bias and the maximum normal value
of a-c signal voltage, which determine the fraction of the a-c cycle during
which plate current flows, In a CLASS A amplifier stage, the plate current
flows during the complete a-c cycle, the grid bias usually being fixed at
approximately one-half of the cutoff blas (the grid bilas necessary to re-
duce the plate current to practically zero), Ordinarily, the maximum normal
peak valuc of the a-c voltage 1s approximately equal éo the grid blas and
no srid current flows during any portion of the cycle but this 18 not a
necessary condition for Class A operation, The subscript 1l,as in Class A3,
1s sometimes used to indicate that no grid current flows during any part of
the input cycle,

Fig, 1% shows ih: sectign of the plate 20 TYPICAL TRIODE
current vs, plate voltage famil: of

a triode operated as a CLASSA ampiifi- P 3y PLATE CHAR
er, The LOAD LINE represents the rela- CL. A OPERATION
tion between the instantaneous values ) A
of grid voltage, plate voltage and
plate ourrent during a cycle at full
rated signal level, Its slope is numer-
1cally equal to the reciprocal of the
effective a~c impedance in the external
plate circult, Since this impedance 1is
chiefly resistive, 1t is commonly re-
fe red to as the LOAD RESISTANCE, Ry,
The operating point, O indicates the
static values of pln{:e voltage, Eg, and
current, I,, with no signal, The load
line terminatesat plate current curves
corresponding to the maximum and mini- o
mun instantaneous values of grid volt- 0 80 60 240 320 400 H80
age at full rated signal, the swing in -

grid voltage belng the ;nma in either PLATE VOLTAGE - VOLTS
direction from the operating point, O, Fia. 12

The difference between the plate voltage at the operating point and at eithor
end of the load line equals approkimately the peak value of the a~c output
voltage developed across the load resistance. The RMS value of the a-o out-
put voltage will be 0,707 times the peak voltage obtained from the curves,
The power output may then be calculated approximately from the relation:

2 2 2
POWER OUTPUT = —J’M’—(fp ) —0—2[0'707(;”""‘-5) ___,_l[mmf Erunl (2)
4 L

L

8
£
i}

~
N
S

8
PLATE CURRENT- MA.

8
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A more accurate formula which includes both halves of the cycle 1s:

power ouTeur = L& _5”"’:’)” Tnin) (3)

The values of Emax, Emin, Imax, and Imin, are read from the curves as shown
in Fig, 12, If the values of Emax, and Emin are expressed in volts, the
values of Ipax, &and Imin should be expressed in amperes to gilve the power
output in watts.

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

Tmax.* Ty
max*min _.

2na HARMONIC =—2——_— X /00 (4)
Inux. ~Imin

Io 1s the value of d-c plate current at TYPICAL TRIODE
the operating point and 1s read from
the curves, All the values of current 20 OUTPUT CHAR.
in equation (4) should be expressed in CLASS A OPERATION
the same units,millianperes or amperes,
Fl1g.13 shows typical varlations of pow= 16 20
er output, plate current anc harmonic E Ip Lt S
distortion with signal input voltage < 3
fora triode operatedas a ClassA ampli- ,,¥ 16\,
fier. The power output varies approxi- 7 z
mately as the square of thc input volt- 'S \'Q Q l&;
age and the distortion 1s low and is pgq
chiefly second harmonic. ’Slog Y 0 §

S z / N
The PLATE EFFICIENCY 1s the percentage S Wy
ratio of the power output to the px‘oa- 00‘5!5 D s Q
uet of the cversce a-c plate voltage 8 by 2/"/2’?" N
ané. d-¢ plete cvrront at full sigral, p o -] 0

o o 20 30 40 50
PO SIGNAL — RMS VOLTS

PLATE EFFICIENCY (%) = 5, X0 (3) FIG. 13

In a Clasz A triode amplifier the plate eifficlency is relatively low, 15% to

The POWER SE SITTVITY i1s the ratio of the power output to the cquare of the
irput sinal volteze, Ep.

PO
POWER SENSITIVITY = —— (6)
G
Thre sencsitivity of a Class A triode aizlifier is alsc relatively low,
I
Th: retiod ol Catl;c“lqlti'?f:tth:ianpgo’(i- 00 S U-'”E TYPICAL PENTODE
mate power cutint and <istortion for a g
nentede  or a tetrode, opersted as a ‘l% yeb'/ PLATE CHAR
Clasc A anplifier, is similar to tiat 80 3 > | CLASS A
fer triades, . ™=, 14 shcws a family 4 50> o-10"
charecteristic curves fcr a @ F e _dﬁ/af: /-’OP[Rﬂf/ﬂ/Y
e s ?
© te formula: =
‘ 5
2 Emax—Emin 0 X
s Ipin? 14/ (IX'I!.)] . g >
TmaxImin (n O v
PO= 7, W _30¥
32 20 ; v':,w
[N Pl
The velucc arc recad from the curvez at —
trc peints Iviicated in Pigz, 14, The o | !
a uict:f Ix .and Iyt?reldegeﬁined.s%{ 0 80 160 290 320 200
i n IrCCClLl NS Ou Lo oa ne with -
c zletc current curves corresponding PLATE VOLTAGE- VOLTS
¢rid hlases of 0,293 Ego and 1,707 FlG. /14
E~o resnectively, vwhere ) 15 the valuc of thie grid bilas at the orerating
_V_;F))gnt, Oe

The ceeond harvionic dlstortion,cxpressed In percent, moy be calculated from
the lormula:

Zinax Imin — 21

2no. HARMONIC =
Zimax~Imint. 9 (IxTy)

X/00 (8)
Tre tihird Ferwonic “istcortien, In percent, 1 siven by thio formula:

Ty min='4/(IL-Ty)

X/ 9
Imax~Imin*' ¥ Ix-Iy) 00 ()

3en. HARMONIC =
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15 sows the variation of power output, plate current, screen current
Gistortion with ciznal input voltage and Fig., 16 shows the variation of
~e guantities wiih load resistance for a typical pentode Class A Am-
ificr. A poentode 1s normally operated with a load resistance of approxi-
tely ti: value at which the second harmonic is a minimum, In some cases,
& recictance 1s adjusted for a lower value of third harmonic and the
rruonic is balanced out by using two tubes in push-pull or by in=
troducins a balancing amount of second harmonic in a preceding stage, Beam
povier tubes are frequently operated with lower values of load resistance
than are pentodes to reduce the odd harmonic distortion, A Class A pentode
amplifier generally has hizher plate efficlency, 35% to 45%,and higher pow-
er scnsitivity than a Class A triode. The distortion 1s also generally
hizher and consists mostly of third and higher odd order harmonics.

%0 [TYPICAL PENTODE ”Q M
OUTPUT CHAR é : R
2\ cipss A operaTgl—A S 298 [ Y TYPICAL PENTODE
" 5 = L | foureur cracTeRISTIO
e 4 0 168 IF (LASS A OPERATION
£ / ¥ 3 <
12y EAY 2 —— .sa§ E
el | Y g b LTl | (5
285203 0¥ a8 204 e o 20
% § X N i
aa?m& m% ag o %é";w ’t”ﬁ
2 == aValll}
0 0¥ 0 0 JATA
o / 2 3 4 5 6 o5 Lo IS5 20 25 30 35
SIGNAL - RMS VOLTS LORD RESISTANCE -KILOHMS
FIG. 15 FIG. 16

In a CLASS B amplifier stage two tubes or the two sections of a twin tube
are used in a push-pull circuit, The grid bias is fixed at approximately
thc cutoff value and plate current flows in each plate circuit on alternate
half-cycles of signal voltage vwhen the grid is positive, Since the grid of
a Class B tube 1s swinging positive during a considerable portion of the

cycle, grid current usually flows for 4,
part of the cycle, This grid voltage TYPICRL TRIODF
PLRTE CHAR

and current represent power which must
the DRIVER TUBE. The power output of B A S CLASS B OPEPRTION

be supplied by the preceding tube called gp

the driver tube 1c often the limiting EFER =44
factor in determining the power output gy PM‘TtéfoPU”E
of a Class B stage, Since the average LOAD RESIS

value of the plate current of a Class
B stage varies considerably with signal
voltage,the plate voltage supply should
have good regulatlion to prevent exces-
sive decrease in d-o plate voltage and
limitation of output as the signal volt-
age 1s raised.,

8

S

Flg. 17 shows the section of the plate
current vs,plate voltage familyof a tri-

3
PLATE CURRENT-MA

+\0
=%
N1
ot ~__.___Iq_,_)‘q1.—é°—'
h

ode used as a C(Class B amplifier, In p Ly
Clas: E ogerationt:helglatetcgrgntiof 0 50 100 150 200" 250
one tube 1s practically cuto luring -

each alternate half-cycle and contri- PLATE VOLTAGE -VOLTS

butes very little to the power output, FIG. 17

The power output from the two tubes may be calculated approximately from the
plate family of one tube and is equal to the sum of the power outputs repre-
sented oy the extensions of the load 1line on either side of the operating
point,0O,

PO = (Ea'ftm'n)z(fmg‘fo) + (Emg_'fo)z(fg "IM} (/0)
Since the plate current of one tube 1s g
przctic;]{.‘ly c{gtggg i}lxzir(:%oe)aa;g a%:enxs- TYPICAL TRIODE
e -~cycle,form -
gﬁced :o ac%ux'ther approximatioxy\: 74 OUTPUT CHAR
CLASS B opfmr/o/p
(Ep-Emin) I, o |2TUBES
PO = ——0—minmax. ()
2 . / //

Q < 3

§,% LA ¥
The actual power output 1s somewhat high- 6% /Sv, / w0, X
er than that shown by these relations , & / P
because of the effects of the third and S & /) VX
other odd harmonics, Fig,18 shows typi- 4% /0% oA
cal variations of power output, plate 3 & V 3 ©
current and distortion with signal in- ,& 53 A / | 20440
put voltage for a Class B Amplifier, ‘¥ / L~ R &
Tge distortion 1s chiefly third and : /n ]
other odd harmonics, The plate effi- o0 ¢ [/
clenoy, 50% to 65%, and the power sen- o 0 20 0 40 50 5{0
sitivit’:y at full p<’>wer Outpug are both SIGNAL - RMS VOLTS (GRID TOGRID,
relatively high. o
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A CLASS AB amplifier stage is one which Targx. TYPICAL TRIODE
operates under conditions intermediate =% PLATE CHAR
between Class A and Class B, The grid 100 ) A .
blas 1s fixed at a value between that » \ CLASS HBZ
for Class A operation and outoff and . . S,

plate current flows in each plate cir- m§ Y g_u ‘%\.{ OPEPHZP/ON
cuit for less than one complete cycle " Ihy N°f &, EFFR="
but for more than one half-cyole of the ~ ¥ pLATE T0 PLATE]
signal voltage. If the normal maximum ws L7 BN LOAD RES]S.
peak value of the signal voltage does & ] by

not exceed the grid bilas and no grid g A oA

current flows duringany part of the In- g9 Q

put cycle, the amplifier may be desig- W o] E
nated as Class ABj. If grid current N~ I, <! &
flows during any portion of the input 2o N ! s ey A & -3
cycle the amplifier may be designated Ly ’/ I\ ﬂp 9
a8 Class ABy, Fig, 19 shows the seo- ﬂ/ | a8
tionof the plate voltage plate ocurrent g /

family of a triode used as a Class ABp 0 00 200 300 P00 00
Amplifier, The power output from two PLATE VOLTAGE- YOLTS
tubes may be computed approximately

from the plate family of one tube in the FIG. /9

same manner as for Class B operation, The characteristics of power output,
plate current, plate efficiency and plate current fluctuations with signal
and driving power are intermediate between those of Class Aand Class B oper-
ation.

Power output pentodes or tetrodes may be used as Class B or Class AB Ampli=-
flers, and the approximate power output may be computed from the plate cur-
rent vs, plate voltage ourves in the same way as in the case of triodes.

In a CLASS C amplifier the grid bias 1s fixed at a value greater than the
cutoff value and the plate current flows during less than one half=-cycle.
Class C amplifiers are not used in radio receivers, although an OSCILLATOR
may be considered as a speclal type of Class C amplifier in which the input
voltage 1s derived from the output voltage by means of circult coupling,

A CLASS BC amplifier stage 1s one which operates under conditions intermedi-
ate between Class B and Class C and is not used in radlo receivers,

DETECTOR AND AUTOMATIC Detectors are used in radio receivers to separate
VOLUME CONTROL CIRCUITS the audio frequency component of the modulated sig-

nal from the high frequenocy carrier or to change
the carrier frequency. In superheterodyne receivers, the first detector 1s
used to obtain an intermediate frequency from the r-f input frequency. The
important characteristic of a detector tube i1s the relation between the r-f
signal input voltage and the resultant a-f or i-foutput voltage, This rela-
tion 1s shown for a typical diode in Fig,20, fora triode operated as a grid
leak detector in Fig, 21 and for a biased triode detector in Fig, 22,

174 10
CHARACTERISTIC CURVE o | CHARACTERISTIC CURVE

w |TYPICAL DIODE - TYPICAL GRID LEAK TRIODE

n| DETECTOR 8 w|DETECTOR
s S|MOD.30% L, 73 MOQ.?O%/

6

3 / i Imm

) y (™ /

w / S
a2 Ly 5 4

5 28
A~ / 23 /

¢ g ! : Vi
0 o

0o KO 20 30 4 SO 60 0o |/ 2 3 4 5 6 7 8 9 10
R-F SIGNAL - PERK VOLTS R-F SIGNAL - PERK YOLTS
FlG. 20 FlG 2/
S0
&8
o TYPICAL GRID LERK DETECTOR
3 CHARACTERISTIC —
30> CURVE — e
28 /[ rveicaL gi1asep
™ TRIODE DETECTOR | 10 por
w3 [ mon 30% MPLIFIER
i
s /
? 0 10 20 30 490 S0 60 -
P-F SIGNAL-PERK VOLTS Jrosv

FI1G.22 FlG. 23
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In a grid leak detector circuit, Fig., 23, the r-f signalis rectified in the
grid-oathode oirouit whioh aots’as a diode detector, The a-f voltage across
he grid leak and condenser is amplified by the tube and the amplified volt-
age appears in the plate circuit. The r-f signal 1is also amplified by the
tube and an r-f filter should be inserted in the output circuit to prevent
the high frequenoy from reaching the a-f amplifier. Increasing the resis-
tance of the grid leak inoreases the sensitivity to weak signals, but tends
to introduce instability and distortion with large signals.

In a blased detector oircult, Fig, 24, TYP/CAL BIASED DETECTOR
a high negative blas 1s applied to the

grid and the no-signal plate current is 76

practiocally zero, The rectification

takes place in the plate cirocuit due to ‘§ RFC
the fact that more plate ocurrent flows N

on the positive half-cyoles of the sig-
nal voltage than on the negative half-
oyoles, Both a-f and r-f voltages ap-
pear in the plate cirouit and an ref

filter should be used to by-pass the
r-f component. A blased detector nor- i‘-;ﬂg
WL/

70 A-F
AMPLIFIER

mally draws no grid current and there-
fore does not deorease the sensitivity
and selectivity of the input circult,

/00000
N

Diode detectors are oommonly used be- 1 . 1260V
cause of their ready adaptation to de- <

tection and control oircuits, A diode FlG. 24

detector ei.x‘ouiti shown in Flg, 25a

funotions as a half-wave rectifier an

the a=-f voltage appears across the load TYPICAL DIODE DETECTOR CIRCUIT
resistor, Ry,which 1s by-passed for r-f
by condenser C3, The by-pass condenser
01 charges up to a voltage approxi-
mately equal to the peak voltage of the
signal and maintainsa d-o voltage pro-
portional to the carrier amplitude a-
cross the load resistor,Rj.Since diode
detectors are operated at very small
currents,the operating characteristiocs
of all types are practically the same,

70 A-F
AMPLIFIER
N

Automatic volume control, AVC, may be
obtained by applying the d-c voltage
developed across the diode load resis-
tor, as a negative bias, to the control
grids of the r-fand i-famplifier tubes
in the receiver so that their gain in-

oreases or decreases as the r-f signal Ave
deoreases or inoreases, A typical oir- - W_
ouit is shown in Fig, 25, The filter FlG. 25 .

Rg = (‘? 1s introduced to prevent the
AVC voltage from varying at audio frequencies and to prevent high frequency
voltage from being fed back to the r-f or 1-f emplifier tubes,

In dlode deteotor circuits ocertain precautions should be taken to insure
linearity and low distortionwith high percentage modulation, The r-f signal
voltage applied to the diode should be approximately 10 volta, and the ratio
of the a-c impedance to the d-c resistance in the dlode circuit should be as
high as possible, The a-o impedance 18 usually less than the d-oc resistance
in the diode cirocuit due to the shunting effect of the AVC network and the
grid leak of the following audio amplifier tube, Therefore, the grid leak
and AVC filter resistors shouldbe as high as allowable in the grid oircuits
of the a-f and r-f amplifier tubes, and the diode load resistor should not
be too high, The a-o/d-o impedance ratio may be improved by feeding the a=-f
amplifier and the AVC network froma tap on the diode load resistor,as shown
in Fig, 7. While this connection reduces the sensitivity, it increases the
a-0/d-0 impedance ratio appreciably.

The r-f by-pass t(:ondemmx‘d aogou :ho TYPICRL DIODF DETECTOR
diode load resistor should not be too

large as this will cause loss of gain CIRCUIT WITH DELRYED RVC
and distortionat the higher audio fre=- Q09uf
quencies,

In some cases 1t 1s desirable for the
AVC aotion tobe delayed until the aig-
nal reaches a oertain predetermined
strength, 1in order that the receiver
may recelve weak signals with maximum
sensitivity, A oirocult which aococom=
plishes this 1s called a delayed AVC,

000000000

or DAVC oirocuitaend 1s shown in Fig,26, IM"::
Diode, , 1s used as a deteotor to -2
supply a-f voltage to the a-f ampli= S
fler and diode, DR, is used to supply R ME;

delayed AVC voltage. The amount of
delay depends on the voltage on the

oathode of Dg. For example, 1f the 70 A-F = [+3%6" pAVC
cathode of Dg 18 returned to o point AMPLIFIER VOURGE
3 volts above ground, no current ocan FlG. 26

flowthrough Druntil the signal strength

inoreases sufficiently to cause more than 3 volts to be developed aoross
Rg, _and the AVC action is delayed until the signal reaches approximately
3 volts peak,

16 RAYTHEON ENGINEERING SERVICE



CONVERTER AND .1{IXER CIRCUITS In a superheterodyne receiver, a frequency
converter stage is used to convert the incom-
ing r-f signal to the i-f frequency. Two tubes may be used, one as the os-
cillator and the otheras the mixer, or first detector,or both functions may
be combined in a single converter tube such as a type 6A7 ora 6A8G. Fig.27
shows a typilcal frequency converter circuit usinga pentagrid mixer tube and
a scparate oscillator, A typical pentagrid converter circuit using a single
tube 1s shown in the circuit of Fig. 7.

TYPICAL FREQUENCY CONVERTER CIRCUIT USING SEPARATE

OSCILLARTOR
6.7 K[6L76 6/508__6J5G
MIXER, 000t osc. o
i} 7£oymr/r
=

50

20000
MM

-t
Y74

+150Y F/G- 27

In the recording of phonograph records or in broad-
casting, particularly of music having a large
volume range such as symphony orchestra selections,the volume range 1s com-
pressed so that the soft passages are louder and the loud passages are softe
er than in the original music, This compression i1s necessary to keep the
soft passages above the background noise level of the equipment and to pre-
vent the loud passages from overcutting the grooves on the record or over

+250"

VOLUME EXPANDER CIRCUIT

modulating the carrier,
tained by the use of a
passages more than the
Fig. 28 shows a circuit

More natural reproduction of such music may be ob-
volume expander amplifier which amplifies the loud
soft passages and thus increases the volume range,
for a volume expander amplifier using a type 6L7 or

6L7G pentagrid tube,
VOLUME EXPANDER CIRCUIT

6L7 ||
oR o1op A OUTPUT
ouf snar % 2%
N I w"—’? S
A-F | &g 3 el -
meur | S g 1
-~ —
§ Ml
LI
6C5 0. Juf 6H6 OR 6HEG
EXPANSION OR i}
g %conr/am 6056, 13 « <§
: ==)% ¥ £ (=
§ \ S N 0.50F
i é
g
ai,ur.T S 0.5 ]
Buf
- 1L
= i J A AAAARAARAAAAAR AR
WAy
+250"
FlG. 28

The operation of the circuit is as follows: The gain of the 6L7 audio am-
plifier depends on the bias on number 3 grid, The input signal is applied
to the number 1 grid of the 6L7 and also to the grid of the 6C5., The ampli-
fied signal from the 6C5 1s rectified by the 6H6 or 6H6G and the d=c output
voltage applied, as a positive blas,to the number 3 grid of the 6L7 so that
the zain increases and decreases withthe amplitude of the signal, The posi-
tion of tap, P, determines the initial blas on grid number 3 of the 6L7 and
should be adjusted so that the no-signal plate current of the 6L7 is 0.15
milliamperes, The input signal on the grid of the SL7 should not exceed one
volt peak in order to prevent excessive distortion, If 1t 1s desired to de-
lay the expander action until the input signal reaches a certain level, a
negative bias maybe applied to the plates of the 6H6 or 6H6G reotifier tubes,

AUTOMATIC FREQUENCY An automatic frequency control circult, as arplied to
CONTROL CIRCUITS a superheterodyne receiver, 1s one which automatically
controls the oscillator frequency in such a manner that
the intermediate frequency is maintained at the frequency to vhich the i=f
amplifier is tumed, Thus, a receiver equipped with AFC automatically ocor-
rects inaccuracies in manual tuning and compensates for oscillatordrift, An
AFC circult consists of a frequency discriminator circuit and a controlcir-
cult. The discriminator detects changes in intermediate frequency and sup-~
plies a\d-c voltage, the polarity of which depends on the direction of the
frequency change, to the control cirouit which changes the osclllator fre-
quency and returns the intermediate frequency to the proper value,
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FREQUENCY DISCRIMINATOR CIRCUIT FOR AFC.

L1
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FlG. 29

Fig. 2C shows a frequency discriminator eircuit, The primary,lj,is tuned to
the intermediate frequency of the receiver and loosely coupled to the seconda-
ries, Lo and Lz, which are tuned to frequencies spaced equally above and be=
low the intermediate frequency. The voltages across Ly and Lz are applied
to a duo-diode rectifier as shown, The d-o output voltage of this rectifier
15 the AFC voltage and is equal to the difference between the voltages de-
veloped by each daiode, When the 1-f sirnal 1s on the center frequency the
voltazes applied to the diodes are equal, the d-c output voltages are equal
anc¢ no resultant APC voltage 1s developed. If the i-f frequency changes
toward the resonant frequenocy of Lo, more voltage will be applied to diode,
D, than to the other diode, Dr, will develop more d-c voltage than Dp, and
tlie resultant AFC voltage will be negative with respect to ground, In like
rianner, if the 1-f frequency changes toward the resonant frequency of Lz,the
resultant AFC voltage will be positive with respeot to ground,

12 _ 1%
75——i \ <:F——ﬂ —
Bl S N
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FREQUENCY DISCRIMINATOR
CIRCUIT FOR AFC.

FlG. 30

other Ciscriminator circuit which does not depend on side circuits, tuned
ve and below tire Intermediate freocuency, for its operation 1s shown in
. 30. In this circuit the primary Ly, and tlie secondary, L are both
tuned to tic intermediate freoucncy oi tiic receiver and are loosely coupled,
thie o~eration of ti:c circuit depcnds on the fact that at the resonant fre-
ncy the primary voltage, Ep, and the secondary voltage, Eg, are 90° out
se andon the fact that thie phase anzle varlesas the frequency changes,
1e circuit is arranced so that the voltage, Ej, applied to one diode is the
tize priuary voltage and one-half of the secondary voltage,and
o, avplied to the otiier diodeis the vector sum of the priiary
alf of the secondary voltage. As in Fig, 29,the re-
v ; he difference between the d-c voltages developed by
iode, Vector dlapgram, A, in Fig, 30 shows the phiace relations of the
scveral voltases when tiic adplied voitaze 1s at the resonant frequency. Since
tize voltazcs, Ey and Eg ich are applied to thie ¢iodes are equal, no re-
is a4 d :2 np-lioc voltaze changes in fre-
in vector diajram,B, The vclt-
srenter r. ti:c voltare, Ey, anplied
ore d-c voltare than Dy and the re-
sultant AFC voltase i with recpect to ground, If the fre-
quency changez in the oplosit rection, Ej will e rrcater than Eg and the
resultant AFC voltvarse will be negative with respeet to ground.
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Fig., 31 shows a control circult which controls the oscillator frequency in
accordance with the d-c voltage developed by the discriminator, The plate
of the control tube 1s coupled to the oscillator tank coll and a voltage
approximately 90° out of phase with the voltage across the tank coll 1is ap-
plied to the grid, In Fig, 31 this out of phase voltasce is obtained from
condenser, C1, which 1s in series with resistor, Ry, across the tank coil.
In practice the resistance of Ry is:.made much greater than the reactance of
C1 and the current through C1 18 practically in phase with the voltage across
the tank coil, The voltage across C1 1s therefore practically 90° out of
phase with the tank coil voltage. The plate circult of the control tube
then acts likc an incductance across the tank coil, The value of this ef-
fective inductance depends on the bias on the grid of the control tube, As
the bias of the control tube is determined by the AFC voltage generated by
the discriminator, the control tube tends to maintain the oscillator at the
proper frequency.

RECOMMENDED OPERATING PRACTICES

FILAMENT AFD HEATER VOLTAGE Radlo receiving tubes are desipgned to operate

satisfactorily with moderate variations inheat-
er or filament voltape from the rated values, Ilowever,for best performance
and 1ife the rated values should be maintained as closely as possible, At
excessively hish values of heater or filament voltage there 1s danger of
heati::g the first grid to the point where it emits a sufficient number of
electrons to interfere with the proper functioning of the tube and in a-c
operated receivers the hum introduced from the a-c heater supply is likely
to be greatly increased, Furthermore, the rate of evaporation of active
material from the cathode 1s greatly accelerated with corresponding reduc-
tion in tube 1life, At excessively low heater or filament voltages the
electron emission from the cathode may be reduced tothe point where the tube
characteristics and the receivor performance are seriously affected, In
the case of tubes 1in which a relatively large current 1s drawn from the
cathode, particularly power amplifier and rectifier tubes, operation under
such conditions 1s apt to result in serious damage to the tube and early
fallure,

It 18 now standard practice todesign a-c operated receivers fora line volte
age of 117 volts and the filament and heater transformers should be de-
signed to supply exactly the rated voltages to the heaters and fillaments
with this line voltage. If this is the case, the performance and life of
the tubes will not be seriously affected by the normal fluctuations in line

voltage, 1f thesc are not more than ten percent. The best practice 1s to
have the receiver power transformer supplied with taps so that the voltages
may be held within 5% of the normal value, When the filaments or heaters

are operated in series tine total voltage does not divide exactly equally a=
mong the various tube filaments or heaters due to small variatio. s 1in heat-
er resistance. In this case the bad effects of large variationsin line
voltage are exaggcrated, It is important that rcceivers having the heaters
connected in series be designed to supply exactly the rated value of current
to the heaters or rilaments at the standard line voltaze of 117 volts,

The tubes used in automobile receivers are designed to give satisfactory
1ife and performance with the heater voltage fluctuating between 5,5 and 8,0
volts as in normal automobile operation and the connections should be ar-
ranged to maintain the heater voltage at all times within this range,

In home receivers where the heater or filament current is suprlied direct-
1y from two-volt or six-volt storage batteries the variation in filament
voltaze will normally not be excessive, However,precautions should be taken
against excessive voltage dropin the filament supply connections and against
abnormal battery voltages such as might occur during bdttery charging or
when the battery is discharged,

For best results, the filament voltage applied to two-volt tubes should be
within the range of 1,Sto 2,2 volts, Operation ata voltage of 2,3 volts for
a short period 1s permissible. The tubes are generally operative at volt-
ages as low as 1,7 volts but with reduced sensitivity and output,

The two-volt-tube receivers designed for use with aircells are equipped with
the propcr serles resistor for maintaining the filament voltage within a
suitable range during the 1life of the battery. With many two-volt-tube re=-
ceivers for use with three-volt dry batteries or dry packs there are pro-
vided ballast tubes which tend to hold the filament”™ current at the proper
value, It is essential that these ballast tubes be rated for the same val-
ue of current as the total filament current of the receivers with which they
are used, As the characteristics of the ballast tube are apt to undergo a
permanent change during life, 1t 1s advisable to replace 1t whenever the
filament battery is replaced.

Some two-volt-tube receivers now employ a typo of resistor tuge yhich may
be used with a storage battery, aircell or drycell supply. (See lB"resistor
tubes at end of rating and characteristic data section).

Some two-volt-tube receivers are decigned to operate with the filament volt-
age supplied directly from a 4.5 volt dry battery or dry pacl;, the two-volt
tubes being used in pairs with the filaments in series. The range of filla-
ment voltage 1s somewhat greater in this case than in the preceding cases
but better battery economy is obtained.
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TUBE LIOUNTING The common and safest practice 1s to m-unt tubes in a ver

tioal position, Iliowever, it 1s 21so ;enerally nermissible
to mount themin a horizontal position, Wnren filament type tubes are mounted
horizontally tkey chould be turned so that the plane oi' ti:e fllament I1sver-
tical,to avoid the chance of the filament = ing suificiently to touch the
grid or tie rlate,

Provision should be made for free circulation of air around the tubes, This
applies particularly to the rectifier and power output tubes which nust dis-
sipote considerable power, Too close confinement increases the chance of
grid emission or loss of vacuum due to electrolysis of the glass between the
sealed in leads at hirth glass teuperatures,

Modern tubes, particularly those of the hcater type, are capable of with-
standing relatively scvere vibration for short periods without damare. if
they are subjected to scvere vibration continuously a <radual wearinz avay
of the insulated heater coating or of the mica spacer is liable to cccur and
prei:ature failure cf the tube may resvlt, Where the receiver is likely to
be subjected to scvere vibrationa cushioned mounting should be provided for
the receiver chassis and means should be employed to prevent or damp out
resonant vibrations of the chassis and tubes,

NICROPHONICS lilcrophonic howling,vhen due to a tube,1s caused by mechani-

cal feedback from the speaker to tiie tube eitiier tlirourh the
air cr through the chassis, Tubes vhich are follcwed by hislr audlo fre-
quency cain are most susceptible, lieater type tubes are chh loss micro-
henic thian filament types and orcdinarily give no trouble except under ex=
treme condltions., In fllament types, particularly tiie two-volt ty pcs, the
filament may be sct intc vibration at its resounant freguency by cxtremely
small impulses of the same frequensy, In prescnt day tubec improved methods
of filament support are used to reduce ti:ls tendency and to camp out osecil-
lations of the filament, but if the audio frequency ~ain 1in the receiver
i1s high,speclal precautions must be taken in tlie receiver to reduce mechan-
ical feedback, The most sensitive tube shculd not be mrunted close to the
speaker; the speaker sl:culd not be rizidly connected to cabinet or chassis;
tlhie chassis should have a cushioned mounting 1in the cabinet and resonant
vibrations in the chassis should be avoided or damped out,

Ordinary precauticns against tube microphonics are usually cufficient for
audio frequency gains up to about 100 db, with lieater type tubes and up to
about 50 db, with two-volt tubes, Gains exceeding these valuesusually re-
quire special precautions acainst tube microphonics and hum, ilcrophonioc
troubles may origirate in the converter or even in the i1-f amplifier tubes
through audio frequency modulation of the carrier or of the i-f frequency,
even when the gain in the audio frequency stages ,1s not especially high.
Similar precautions should be used to avoid this type of microphonic effect.

HUM In modern a-c¢ operated receivers filament type tubes are used only

as plate-supply reetifiers or as output tubes, Filters are provided
to eliminate the hum voltage developed in the rectifier section by the a-o
supply. The voltage gain in the output stage 1is usually low and the hum 1s
not noticeable 1if the simple precautions are taken of connecting the grid
and plate return leads to the mid-point of the filament transformer second-
ary and of having this point well by-passed to the chassls, The heater type
tubes used 1n all the other positions are so designed that, under favorable
circuit conditions, only very small hum voltages are introduced into the
audio and radio frequency circuits by the a-c heater vocltage and current,
For minimum hum the ground connectlion to the heaters shoulc be made to the
center point of the heater winding, If hum is present,it 1s usually caused
by improper filtering or is introduced by souse circuit element other than
the tuves,

However, under some conditions, a troublesome amount of hum may originate
in the tuves, The second detector tube or the first audioamplifier tube is
most likely to give trouble because it is followed by the maxirum audio gain,
Hum may also originate in the mixer or in the 1-f amplifier tubes, due to
60 cycle modulation of the r-f or i-f carrier.

The most common cause of hum in a tube 1s a minute leakage current between
the heater and the cathode, which by flowing through some high resistance
circuit element, such as the cathode resistor, develops a small voltage
which is amplified by the succeeding audlo frequency stages, To reduce hum
from this source the cathode resistor should be by-passed and the cathode
should be made negative with respect to the heater,

Other circuit precautions include the proper shielding of the tubes and com=
ponent parts to prevent both electrostatic and electromagnetic coupling be-
tween them, and the arrangement of the wiring in such a way that leads fol=-
lowed by high audio frequency gains are not looped around the filament sup=-
ply wires and are kept as far as possible from any leads carrying alternat-
ing currents,

Hum 1s sometimes introduced by the direct action of a strong 60 cycle mag=
netic field on the tubes, This occurs when the tubes are placed too close
to the power tranaformer or the filter choke and the chassis should be laid
out to avoid this possibility.

GRID CIRCUIT RESISTORS In present day recelvers grid circuit resistors of
relatively high values are commonly used, for in-
stance, 1n resistance coupled amplifier stages, in the dlode detector stage
and in automatic volume control and other automatic control networks, As a
result, a grid current of as little as a few microamperes may cause serious
reduction in the grid bias due to the voltage drop in these resistors, This
condition may lead to reduced sensitivity, instability or even to serlous
overheating and damage to the tubes or other circult elements, Circults in
which a common resistor is inserted 1n the grid return leac of two or more
tubes are particularly susceptible to loss of bias due to grid current.
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The tubes are always checked for grid current Jduring final testins in the
factory and are i:eld t~ a limit of not more than cne or two microamperes.
The nvera e valve is a s:iall fraction of a micrcampere, lcwever,w

i1s ocrcrated in o receiver, a it er valve of :;rid current «
a minute evolution ~f zas from. the perts or to a rinute
electrical leakaze across an Iinsu or or to a small am t of thermal
elcctren erission from tnc srid. The grid current due to ras usually
tenCs tc decrease rapidly as the receiver is nperated, The current due to
grid emission anpcars only efter the tube has becorme heated to its maxirmum
opcretins temperature and is azrravated by any concitions tending to over-
ioet the tube, such ac insufficlent prcvision for eir circulation,high line
voltase, excessive plate voltege or insuificient crid bias,

The bect preccutlion sgainst tronble from th:ls source 1is 'the avoidance of
circults vi:icl: depend for tlieir operation on extremely high values of zrid
resistors, A second precaution is to crtain tke :rid biss by sicans ol the
voltage dro:x in a catlode, or sclf-Llas, rccictor rather thantousea fixed
bies, With sclf-blas any tendency toward the lozz of blas due to grid cur-
rent is partially compensated Ior by an increese in the self-blas beccuse
of the res:ltant increasc in plate current,. A {urther precauticn is
avoldance of excessive plate and screen grid voltages and ourrcnts by mak-
ing sure that the tubes arc operated well itxzin tlieir warimum ratings even
at tle Y. hest line voltares, A fair amount of reculation in the screen and
;e supplies 1is also helpful in this respect,

czencral rule, tre srid resistor for a single tube, exclusive of the
) siiculd nct erceed three mcconms and a max cf one riczohm
referaslec, U'liere a resicter is comacn to tie ar circuit cf two
es tie valuc of tire resistor =shoulc not exceed tirese values di=-
mher of tubes wiose grid current flows throuzh 1t, The above
rule zpg:liec in tiie case of self-blas,

In the cace of rixed-bias, the maximum value of the grid resistor should
never erceed ore ejohm and this value should be reduced in inverse propor-
tion to tie number of tubes for whose grid current it forms a path, In ap-
plying thesc rules it should be noted tiint they refer to tne total resis-
tance in the -rid oircult including the sumof all series rcsistors such as
cre used in somne control circuits,

In tie case of output tuves, a maximum value for the zrid resistor is core=
monly siven with the tube rating, In general,a value cf one mecohm is the
maxirurm sale value for tubes of low output ratings up to 3 or 4 watts and
1/10 to 1/4 mezohm for tubes cf higher output ratings,

PRECAUTIONS AGATiiST BLOCIING DUE TO SECONDARY EIiISSION VWhen a sufficient-

1ly hizh positive
volte~e 1s arrlied momentarily to a control grid there is an emission of
sec-ndar;” electrcns from tihis grid to the screen zrid or to the plate., in~
der come conaltlons tris current may exceed the flow of electrons from tre
catiiode tco tihe control grid so that there is a net flow of electrsons into
the grid trrcusl e external grid circuit, If this circuit includesa very
hizh resistance ti rcesultant voltare drop may be sufficient to maintain
the crid at a positive notential in spite cf an externally applied necative
crid bias, When tlic rricd becomes Mlocked" positive in this -<anner the tube
is blocked and increrative ond may be rermanently damaged by overheating
due to tle rcruvltant e:xceccive ilste current,

In most tubes tlie sccondary elssion characteristic of the control zrid 1s
low enourh so that ti:ls trouble will occur only under abnormal conditions,
A frequent cause of trouble 1is a defective wave change switch that apnlies
a hich positive c-c voltare to the grid momentarily during switching, Surges
sufficiently hirh may reach the r-f amplifier tubes or the converter tube
to cause blocking wunder certain circult conditions, Sufficient surge 1s
also sonetires developed in the ovtput tube, when the set is turned on, to
cause blocking under bad circult conditions,

To avoid trouble cf th:1s kindi1t 1s acvisable to use as low values of resist-
ancé as is possible in the grid cirscuits of the tubes that may be subject=
ed to surge, particularly the tubes rentioned above, The switches should
be designed ani adjisted to reduce grid current surges to a minimum, Ti.e
circults siiould be arranged to provide high damping for surges, This can
frequently be accomplished by taking advantage of the dampinc effect of the
aridé current flow when a rrid is thrown slightly positive, This alone will
protect a tube aiainst small surges.
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Added damping for an r-f amplifier or a converter tube may be obtained by
coupling 1ts grid circult to the grid circuit of an i-f amplifier tube, as
shown in Fig, 32, so that a surge reaching the grid of the r-f amplifier or
the converter tube is partially dissipated by causing grid current to flow
in the 1-f amplifier tube.

It 18 also possible to conneot a dlode to the r-f amplifier or converter
tube grid circuit in such a way that a surge will be dissipated by ocausing
ourrent to flow through the diode, Fig. 33 shows a diode connected to the
grid circuilt of a converter tube to prevent blocking due to secondary emis-
sion,
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CONVERSION CURVES

The following curves, Figs, 34, 35 and 36,may be used to find the approxi-
mate operating conditions for power amplifier triodes, tetrodes and pentodes
at other than the published operating conditions,

Fig, 34 should be used for triodes operated at other than the published
plate voltage and for tetrodes and pentodes operated at other than the pub-
lished plate and soreen voltages, For example, suppose it is desired to
operate a pentode power amplifier at a plate and screen voltage 2 lower
than the published values, The percent change from the published operati
conditions may be read at the intersections of the curves with the -22%
ordinate., Thua, for a 20% decrease in plate and screen voltages, the grid
blas should be decreased 20% or the blas resistor increased 12%, the load
resistance should be increased 12%, the plate and soreen current will be
decreased 27% and the power outpu‘g will deorease 48%, Values for triodes
may be determined from the curves in the same manner.
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Fig, 35 should be used for tetrodes and pentodes where only the plate voltage
i1s changed and the values are read from the curves 1n the same way as in
Fig. 34,
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Fig. 36 should be used for tetrodes and pentodes where only the screen volt=-
age is changed and the values are read from the curves as in the previous
figures, Tetrodes and pentodes should not be operated with the screen volt-
age appreciably higher than the plate voltage.

When choosing new operating conditions for any tube the published maximum
ratings should not be exceeded,
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RESISTANCE-COUPLED AMPLIFIER DESIGN CURVES

The curves in Figs.38 to 43 give circuit design data for use with the heat-
er type tubes commonly used in resistance-coupled amplifiers, The curves
show the proper value of cathode resistor, R,, for use with several values
of plate resistor, Ry, at plate supply voltages from 90 to 300 volts, The
values of output voltage, Eg, (peak volts) at maximum signal and the volt-
age gain, VG, are also shown by the curves,

Typical circuit dlagrams for triode and pentode resistance coupled ampli-
fiers may be found on page 1l.

The value of the coupling condenser,C, depends on the value of Rg, the grid

resistor for the following tube and for approximately 75 percent of the high
frequency response at 60 cycles the value will be:

_.0003
Re
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the curves were plotted usins a value of Ry = 2 Ry, In all cases.

H,.:na:@oo:,ﬂzﬂ,n. Nﬁmu:h. dﬁmiwwcmoawond5n3m0§<mumﬁocwnsom01
creased 157,
ror the couditlon, Rg = 4 Ry, the value of Ke from the curves should be in=-
creased 10%.

Ti'e velue of Kg should not exceed the mexinmmm value allowsble in the grid
circuit of tih:e followlng tube.

! wor value for the oatliode by-pass condenser, Cy, may be found from
the relation:

7000
MW

Ce= Cosuf R =OHMS

Tire value of tie gereen hy-pass oondenser should bewt least 0,05 to 0,1 uf.

Ir :ce inverter circuits,such as the ono shown 1n Fig,11 on page 12, where
ac n cathode resistor is used the value of the resistor should mm one=
helf thot read from the curves for a single tube and the cathode by-pass
condenser should be omitted,

The curves in 178,44, 45 and 46 apply to two-volt tubes and are similar to
trose in the previous fijures, eoxcept that values of grid bilas instead of
cathode recistor are shown.
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TUBE TESTING

All tubes are put through a mechanical and electrical test in the faotory
as one of the last operations, They are individually checked for such {tems
as short circuits, open circuits, grid current, electron emission from the
cathode,tube noise and certain operating characteristics such as plate cur-
rent, transconductance or power output. The original desizn has previously
been completely tested for all important operating characteristics. The in-
dividual factory tests 1insure that each tube 1s of good quality so far as
factory processing is concerned and that it conforms to the original design
within standard tolerances,as indicated by one or more key characteristics.
At frequent, regular intervals sample tubes are selected at random from the
production and are tested in the laboratory for all important character-
1stics, Random samples of regular production tubes are also life tested at
approximately maximum rated voltages and the characteristics are measured
after various perlods of operation to determine the quality and the degree
of constancy of the characteristics during 1life,

The test equipment required for this factory and laboratory testing is ela=-
borate and expensive and one test set can readily accomodate only a few tube
types out of the two hundred that are now on the market. Obviously, it is
neither practiocal nor necessary, for the tube dealer or even for the set
manufacturer to make as complete a test of tubes as 1s done by the tube manu-
facturer, However, a small percentage of defects develop during shipment
and handling and most dealers find 1t advantageous to oheck each tube, when
sold, as an insurance that it 1s operative and to check the oonditlion of
tubes that have been in service, Various types of relatively simple tube
testing equipment have been developed for the dealer!s use. In most oases
this simple equipment will not give an accurate measurement of a tube's
operating charaoteristics or of its abllity to perform satisfactorily in any
particular receiver, The simplest will at least tell whether or not a tube
1s operative, and the more elaborate will zive an approximate indication of
the value of some major characteristio.

Since a radio tube cannot perform properly without a copious supply of elec-
trons from the cathode, a test that will measure or at least glve a compar-
ative indication of the electron emission can be used as a rough check on
the operating condition of a tube and of 1its ability to perform up to the
normal standard for its type. In the common form of emission type tube
cl:ocker a fixed value of a-c voltage is applied between the cathode and the
nearest grid (usually with the other elements connected to this grid)through
a fixed resistor and a d-c current indicating meter, Provisions are, of
course, made for applying rated heater or filament voltage to the tube and
for making the proper electrode connections for each tube type, In addition,
facilities are often included for testing for short circuits, open filaments
and often for electrical leakage between the elements,

The Radio ilanufacturer!s Association has recormended, 1in the interests of
standardization, certain values of circuit constants that should be used in
this type of tube checking equipment, The RMA recommends that tubes be
tested under the following conditions:

1, Rated Fillament or Heater Voltage
2. Fixed Emission Voltage of 30 volts
RMS

3. Total effective series impedance of
testing circults should be varied
as follows:

(a) High value for diodes, exclu-
sive of power rectifiers
5000 ohms

(b) Medium value for battery tubes
of limited emission-1000 ohms

(¢) Low value for remaining types
200 ohms

4, A pointer type of indicating meter
1s recommended as the most reli-
able device for indicating tube
characteristics,

5. The regulationof the system should
not exceed x 5% with the range of
loads for which the tester 1is de-
signed.

6, The short circuit or leakage test
circuit should not respond to a
resistance greater than 250,000
ohms,

7. The RMA recommended circuit is shown
in Fig. 47.
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To establish limits for an emission type tube tester it is necessary to read
a number of tubes of each type to be tested,and determine the average read-
ings for good tubes of each type., Due to minor differences in design,tubes
of the same type but of different manufacture may give different reacings
in tube testers, and still perform equally well in a recelver., In general,
the end of the useful life of power amplifier tubes is indicated by a read-
ing 50% below the average for good tubes of the same type, and of voltage
amplifier tubes and rectifier tubes by readings 35% and 20% below average
respectively,

Other types of tube checkers are desizned to give a rough check on some
other tube operating characteristic,such as plate current, transconductance
or power output. Accurate :icasuremnent of these characéeristics requires
sensitive measurin; equipment and accurately measured element voltages for
a large rangc and variety of test conditions and tube connectlons. A1l of
these items are increasingly cxpensive to ohtain as the degree of accuracy
is increased.
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TYPE NO.

00A
0lA
0z4
0Z4G

1A4
1A6
1B4/951
1B5/25S
1C6
1C76
1D5G
1D76
1E5G
1E7G
1F4
1F5G
1F6
1F7G6
1GSG
114G
116G
135G
136G
1-v

2A3
2A31
2A5
2A6
247
287

5T4
SU4G
Svac
Sw4
SW4G
5X4G
SY3G
5Y4G
523
5Z4

6A3
6A4/LA
6A5G
6A6
6A7
6A8
6A8G
6ABS
6ACSG
6B4G
6B5
6B6G
6B7
6B8
6B8G
6C5
6C5G
6C6
6C8G
6D6
6D8G
6ES
6E6
6F5
6F5G
6F6
6F6G
6F7
6F8G,
6G5/6H5
6G6G
6H6
6116G

RAYTHEON RECEIVING TUBES

STRUCTURE

Triode
Triode
Twin Diode
Twin Diode

Tetrode

Heptode

Pentode
Duo-Diode Triode
lleptode

Heptode

Pentode

lleptode

Pentode

Twin Pentode
Pentode

Pentode

Duo-Diode Pentode
Duo-Diode Pentode
Pentode

Triode

Duo~Diode Triode
Pentode

Twin Triode
Diode

Triode
Triode
Pentode
Duo-Diode Triode
lieptode
Duo-Diode Pentode

Twin Diode
Twin Diode
Twin Diode
Twin Diode
Twin Diode
Twin Diode
Twin Diode
Twin Diode
Twin Diode
Twin Diode

Triode

Pentode

Triode

Twin Triode
Ileptode
Heptode
Heptode
Cathode Ray
Triode

Triode
Duo-Triode
Duo-Diode Triode
Duo-Diode Pentode
Duo-Diode Pentode
Duo-Diode Pentode
Triode

Triode

Pentode

Twin Triode
Pentode
Ileptode
Cathode Ray
Twin Triode
Triode

Triode

Pentode
Pentode

Triode Pentode
Twin Triode
Cathode Ray
Pentode

Twin Diode
Twin Diode
Triode

Triode

Pentode
Pentode

Triode lleptode
Triode

Pentode
Pentode
Pentode

Triode

Tetrode
Tetrode
Heptode
lleptode

RAYTHEON

CATHODE

5.0 volt
5,0 volt
Cold
Cold

volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt

[SEREGE R GE VTGRSR VR VR GESEESESEVEMEN]
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2,5 volt
2.5 volt
2.5 volt
2,5 volt
2.5 volt
2,5 volt

0 volt
0 volt
0 volt
0 volt
0 volt
0 volt
0 volt
0 volt
0 volt
0 volt

(SRS KON N NS NS N NS K4

«3 volt
.3 volt
.3 volt
.3 volt
«3 volt
«3 Vvolt
.3 volt
«3 volt
+3 volt
.3 volt
+3 volt
«3 volt
.3 volt
.3 volt
.3 volt
.3 volt
«3 volt
.3 volt
.3 volt
.3 volt
.3 volt
.3 volt
«3 volt
.3 volt
«3 volt
«3 volt
«3 volt
+«3 volt
«3 volt
.3 volt
.3 volt

[oX NN Yo ¥ X Yo lo Yoo Yo Yo X N Ne Yol Ne N ¥ Yo X o le Xo o Xe Yo le Yo o))

3 volt
3 volt
3 volt
3 volt
3 volt
3 volt
3 volt
3 volt
3 volt
3 volt
3 volt
3 volt
3 volt
3 volt
3 volt
3 volt

DD ONOOD OO0 O

Filament
Filament

Filament
Filament
Filament
Filament
Filament
Fillament
Filament
Filament
Fllament
Filament
Filament
Fllament
Fillament
Fillament
Filament
Filament
Filament
Filament
Filament
lleater

Filament
lleater
Ileater
lieater
lleater
Heater

Filament
Filament
lleater

Filament
Filament
Filament
Filament
rilament
Filament
lieater

Filliament
Filament
lleater
lieater
Heater
Ileater
lleater
licater
lleater
Filament
lleater
leater
ileater
leater
Heater
Heater
Heater
lleater
Heater
lleater
lleater
Heater
Heater
Heater
lleater
lleater
lleater
Heater
Heater
Heater
lleater
Ileater
leater
leater
Leater
Heater
leater
lleater
lleater
Heater
Heater
lleater
licater
lieater
lieater
lleater
lleater

USE

Detector
Amplifier
Rectifier
Rectifier

Detector or
Full Wave
Full Wave

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

Power Amplifier

Power Amplifier
Detector Amplifier
Detector Amplifier
Power Amplifier
Detector or Amplifier
Detector Amplifier
Power Anplifier

Power Amplifier

Ilalf Wave Rectifier

Power
Power
Power

Amplifier
Amplifier
Amplifier
Detector Amplifier
Frequency Converter
Detector Amplifier

Full VWave
Full Wave
Full Wave
Full Wave
Full Wave
Full Wave
Full Wave
Full Wave
Full Wove
Full Wave

Rectifier
Rectifier
Rectifier
Rectifier
Rectifier
Rectifier
Rectifier
Rectifier
Rectifier
Rectifiler

Power Amplifier
Power Amrlirier
Power Amplificr
Power Amplifier
Frequency Converter
Frequency Converter
Frequency Converter
Tuning Indicator
Power Amplirfier

Power Amplifier

Power Amplifier
Detector Amnlifier
Detector Amrlifier
Detector Amplifier
Detector Amplifier
Detector or Amplifier
Detector or Amplifier
Detector or Amplifier

Amplifier or Phase Inverter

Remote Cutoff Amplifier
Frequency Converter
Tuning Indicator

Power Amplifiler
Amplifier

Amplifier

Power Amplifier

Power Amplifier
Amplifier or Converter
Amplifier

Tuning Indicator

Power Amplifier
Detector

Detector

Amplifier

Amnlirier

Detector or Amnlifier
Detector or Amplifier
Frequency Converter
Amplifier

Power Amplifier

Remote Cutoff Amplifier
Remote Cutoff Amplifier
Detector or Amplifier
Power Amplifier

Power Amplifier

llixer or Amplifier
liixer or Amplifier
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TYPE NO.

6N5
666G
6N6LIG
617
617G
6P7G
6Q7
6Q7G
6R7
6R7G
657G
6T5
6T7G/6Q6G
Us
6U7G
6V6
6V6G
6V7G
6W5G
6X5
6X5G
6Y6G
6Y7G
627G
6ZY5G

25A6
25A6G
25A7G
25B6G
25L6
25L6G
2525
25726
2526G

STRUCTURE

Cathode Ray
Duo-Triode
Duo-Triode

Twin Triode
Twin Triode
Triode Pentode
Duo-Dicde Triode
Duo=Diode Triode
Duo-Diode Triode
Duo-Diode Triode
Pentode

Cathode Ray
Duo-Diode Triode
Cathode Ray
Pentode

Tetrode

Tetrode
Duo-Diode Triode
Twin Diode

Twin Diode

Twin Diode
Pentode

Twin Triode
Twin Triode

Twin Diode

Triode

Triode
Pentode

Diode Pentode
Diode

Pentode

Twin Triode
Triode
Tetrode
Tetrode

Pentode
Pentode
Diode Pentode
Pentode
Tetrode
Tetrode

CATHODE

Heater
Heater
lieater
Heater
iieater
lleater
Heater
Heater
Heater
lleater
Heater
Heater
lleater
Heater
Heater
Heater
Heater
Heater
Heater
Heater
Heater
Heater
Heater
lleater
Heater

volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
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7.5 volt
5,0 volt

Fllament
Filament

12.6/6.3 v. Heater

12,6 volt Heater
12,6 volt Heater
2,0 volt lleater

0 volt Filament
3 70lt Filament
3 volt Fillament
5 volt ieater

W LN

.
.

volt lieater
volt lieater
volt Heater
volt Heater
volt lleater
volt Hcater

USE

Tuning

Power

Power

Power

Power
Amplifier or
Detector
Detector
Detector
Detector
Remote Cutoff
Tuning
Detector
Tuning
Remote Cutoff
Power

Power
Detector
Full Wave
Full Wave
Full Wave
Power

Power

Power

Full Wave

Power

Detector or
Power

Rectifier Power
llalf Vave

Power
Power

Detector or

Power
Power
Power
Power
Power
Power

Rectifier

Indicator
Amplifier
Anmplifier
Amplifier
Amplifier
Converter
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Indicator
Amplifier
Indicator
Amplifier
Amplifier
Anmplifier
Anplifier
Rectifier
Rectifier
Rectifler
Amplifier
Amplifier
Amplifier
Rectifier

Amplifier
Amplifiler
Amplifier
Amplifier
Rectifier
Arplifier
Amplifier
Amplifier
Amplifier
Amplifier

Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
A=plifier

Twin Diode
Twin Diode
Twin Diode

volt
volt
volt

lleater
i.eater
iieater

Rectifier
Rectifier
Rectifier

Voltage Doubler
Voltage Doubler
Voltaze Doubler

Triode

Triode

Triode

Triode

Tetrode

Pentode

Pentode

Tetrode

Tetrode

Triode

Pentode

Pentode

Triode

Pentode

Pentode

Pentode

Triode

Dual Grid Triode
Pentode

Pentode

Dual Grid Triode
Triode

Dual Grid Triode
Twin Triode
Duo-Diode Triode
Triode

Pentode

Pentode

Pentode

Triode

Duo-Diode Triode
Triode

Pentode

Pentode

Twin Triode
Twin Diode

Diode

Twin Diode

Twin Diode

Twin Diode

Twin Diode
Duo-Diode Triode
Pentode

RAYTHEON

volt
volt
volt
volt
volt
volt
Tolt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt
volt

Filament
eater
Filaxent
Fillement
Fillanment
Fllament
Filament
Heater
Heater
Heater
Heater
lleater
Filament
Heater
Heater
Heater
Filament
Filament
Filament
lleater
Fillament
Filament
Filament
lleater
Heater
Heater
Heater
Heater
lieater
Filament
Heater
Heater
Heater
lieater
Heater
Filament
Filament
Filament
Filament
Heater
Heater
Heater
Heater
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ENGINEERING

Detector or
Detector or
Power
Detector or
Power

Remote Cutoff
Remote Cutoff
Detector or
Detector or
Power

Remote Cutoff

Power

Power

Power

Power

Power

Power

Power

Power

Power

Power

Power
Detector
Detector or
Detector or
Remote Cutoff
Triple Grid Power
Power
Detector
Detector or
Detector or
Remote Cutoff
Power

Full Wave
Half Wave
Full Wave
Full Wave
Full Wave
Full Wave
Detector
Triple Grid Power

SERVICE

Armplifier
Amplifier
Amplifier
Amplificer
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Ampl:ifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Amplifier
Arnlifier
Amplifier
Amplifier
Amplifier
Amplifier
Anplifier

"Amlifier

Amplifier
Amplifier
Rectifier
Rectifier
Rectifier
Rectifier
Rectifier
Hectifier
Amplifier
Amplifier
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TYPE NO. STRUCTURE

950 Pentode
BA Twin Diode
BH Twin Diode
BR Diode
WD-11 Triode
wX-12 Triode
V-99 Triode
X-99 Triode

30

CATHODE

2.0 volt Filament

1.1 volt Filament
1,1 volt Filament
3.3 volt Filament
3.3 volt Filament

USE

Power Amplifier

Full Wave Rectifier
Full Wave Rectifier
Half Wave Rectifier
Deteotor or Amplifier
Detector or Amplifiecr
Detector or Amplifier
Detector or Amplifier

Individual tube data sheets are arranged in the same numerical order

as in the above listing,
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RAYTHEON SPECIAL RECEIVING TUBES
(Supplied for Replacement Use Only)

TYPE NO, FILAMENT BASING SHIELD CHARACTERISTICS

VOLTS AMP CONNECTED TO USE & DIMENSIONS
2A7T8 2.6 1.0 Same as 2A7 Cathode Pin Same as 2A7
2EB 2,6 0.8 Same as 6ES No Shield Same as 6ES Except
Filament Rating
25/438 2,5 1.35 Same as 84/624 Cathode Pin Approx,40 ma per plate at
50 volts d-c, Duo-Diode
Detector,4 3/16"x1 9/16"
222/684 2.5 1.5 Same as 81 No Shield Similar to 1-V
BAT7S 6.3 0.3 Same as 6A7 Cathode Pin Same as 6A7
6B78 6.3 0,3 Same as 6B7 Cathode Pin Same as 6B7
6C7 6.3 0.3 See Below Separate Pin Same as 85AS
6D7 6,3 0.3 See Below Separate Pin Same as 6C6
6B7 6,3 0.3 See Below Separate Pin Same as 6D6
6F78 6.3 0.3 Same as 6F7 Cathode Pin Same as 6F7
6Y6 6.3 0.8 See Below Separate Pin Similar to 84/6Z4
626 12, 0. See Below No Shield Similar to 84/6Z4

%5 %o
243 2,5 1.75 Same as 24A Cathode Pin Same as 24A
278 2,5 1.75 Same as 27 Cathode Pin Same as 27
365/618 2,6  1.75 Same as 35/51 Cathode Pin Same as 35/51
568 2.5 1.0 Same as 55 Cathode Pin Same as 55
56s 2.5 1.0 Same as 56 Cathode Pin Same as 56
56-AS 6.3 0.3 Same as 76 Cathode Pin Same as 76
578 2,5 1.0 Same as 57 Cathode Pin Same as 57
57=-AS 6.3 0.4 Same as 6C6 Cathode Pin Same as 6C6 Exoept
Heater Amps,
588 2,5 1.0 Same as 58 Cathode Pin Same as 58
58-AS 6.3 0.4 Same as 6D6 Cathode Pin Same as 6D6 Exoept
Heater Ampsa,

758 6,3 0. Same as 75 Cathode Pin Same as 75
85=AS 6.3 0.3 Same as 85 Heater Pin Similar to 85 Except
Adjacent to Mu=203Gy=1250;I,=5,5 maj

Cathode Pin Ep=R50 v, Eg = =9 v,
iegB 5,0 1,26 Same as 45 No Shield Similar to 45 Exocept
482B Filament Rating;Mu=5;
Gp=1500; I,=18ma 3 E,=250v}

Eg= -35 Ve
183 6.0 1.256 Same as 45 No Shield Similar to 45 Except
483 Filament Rating;Mu=3;
Gp=15003 Ip=20 ma ;Ep=250v;
Eg= -58 v,

486 3,0 1.25 Same as 27 No Shield Similar to 27 Except

Heater Rating: Mu=12,8;

EP.:

Gm=1300;Ip= 5,2 maj

180 v; Eg= -10

Ve

6E7
BOTTOM VIEWS OF SOCKETS

RAYTHEON ENGINEERING SERVICE
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INTERCHANGEABLE TUBE TYPES

Raytheon tubcs can be used as replacements for tubes of other manufacturers
as follows:

A Tube types having the same RilA type numbers (witha letter,or two letters,
between two numbers, as 6A7 or 62Y5G) are interchangeable,

B On standard tube types with two or three figure type numbers,the last two
figures form the significant type numbers regardless of letter prefixes,
For example, the Raytheon 45 will replace the UX-245, C(X-345, or SX-245
tubes.

C Types differing in number by the suffix letters "aA", "G", "H",6 "iG" or "V©
are interchangeable in general regardless of this letter, For example,
the 12A may replacea 1ll2 or 112A, the 2A3 may replace a 2A3li, and a 6A8G
may replace a 6A8 or 6A8NG.

D Tubes with octal bases and standard size glass bulbs are designated by
the suffix, "G" on the type number, as 6A8G. Tubes with octal bases
class bulbs and attached wmetal shilelds are desisnated by the suffix n1GH
on the type nu:ber, as 6A8IG. Tubes with octal bases and metal bulbs
have no suffix on the type number, as 6A8, "G" type tubes having type
numbers oorresponding to metal tube or "NG" type numbers have, in general
the same electrical characteristics excepting capacitances,and are usual-
1y interchangeable with the oorresponding metal or "iiG" types except for
space requirements and the possible requirement of external tube shields,

E Shielded types distinguished by the added letter "S" may or may not be
interchangeable with types without this letter suffix,

F Exceptions to the above tubes are types, D-1, DE-1, RE-1, SO0-1, RE=2,
S0-2, KR-20, KR-22, KR-28, 43MG, HZ-50, 59B, G-84, 182B, 183,Kellogg 401,
482A, 4C2B, 484, 484A, and 25Z5HG which do not correspond with types
1-v, 20, 22, eto, The 01A (201A) 1s not interchangeable with the 1-V,
or 1, and the WX-12 is not interchangeable with the 12A (1124), Types
57AS, 50AS, 485 and 950 may be replaced only by Raytheon tubes bearing
the same full type number,

G The following table lists the obsolete and non-standard tube types with
the Raytheon types which normally may be used for replacement,

TYPE NORIALLY TYPE NORIMALLY TYPE NORMALLY
110, REPLACEABLE BY NO. REPLACEABLE BY NO, REPLACEABLE BY
RAYTHEON TYPE RAYTHEON TYPE RAYTIEON TYPE
00 00A 2526G 210 10
01 01A 256G 213 80
01AA 01a 56 216 8l
D-1/2 81 84/6Z4 2168 61
1 1-v 35/51 220 20
D-1 80 355/518 222 22
DE-1 27 36 224 24A
KR-1 1-v 37 2244 24A
RE-1 80 38 226 26
24311 2A3 39/44 227 27
G-2 25/48 39/44 230 30
G-28 25/4s5 25A6G 231 31
RE-2 81 39/44 232 32
50-2 50 1273 233 33
G-4 2s/4s 35/51 234 34
G-4S 25/4s 355/518 235 35/51
5Y3 5Y3G 76 236 36
5Z4MG 524, 5V4G 57-AS 237 37
KR=5 6A4/LA 58-AS 238 38
6A8HG 6A8G 36 * 239 39/44
6B6 6B6G 36 240 40
6B6NG 6B6G 39/44 # 245 45
6CSHG 605G 39/44 247 47
6F51IG 6F5G 37 # 250 50
6F61iG 6F6G 37 280 80
6G5 6G5/6H5 38 % 280K 83V
6H5 6G5/6H5 38 281 81
6H6MG 616G 83 t 288 83V
6J7HG 6J7G 8l c-299 v-99
6KTHG 6K7G 84/624 X~-299 X-99
6L7HG 6L7G 222/G84
6176 616G 83 t 4824 71A
61611G 6N6G 245 482B 182B/482B
6P7 6P7G 1-v 482B 183/483 1
6Q7MG 6Q7G 84/624 483 183/483
6R71G 6R7G 585 50
6X51G 6X5G 112 124 586 50
6Y5V 6Y5 112A 124 P-861 624/84
623 1-v 120 20 951 1B4/951
624/84 04/624 171 71A 986 83 t
625/1225 625 171A 71A
c-11 wD-11 171AC 71A AD 1-v
c-12 wx-12 171B 71A AP 82
WD-12 wX-12 182-A 71A AG 83 ¢
1423 1223 182-B 183 t AX OLA
22AC 24A V=199 V=99 B V=99
24 24A X=199 X-99 E 20
25A6lG  25A6G G 40
25A7 25A7G 200 OO0A H 00A
2548 25A7G 201 01A Lp 6A4/LA
258 1B5/258 201A 01A PZ a7
25/25S  1B5/25S 202 10 PZH 2A5

+ When tne filament supply will stand one ampere additional drain,
# In automoblle receivers only.
1 then both power tubes are changed together.
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Type
No.

36A
K36B
K36C
K36D
L36B
L36C
L36D
42A
K42B
K42C
K42D
K42E
L42B
L42C
L42D
49A
K49B
K49C
K49CB
K49D
L49B
L49C
L49D
55A
K55B
K&5C
K&6D
L5SB
L5S5C
LSSD

4271
42A2
42B2
49A1
4942
49B2
55A1
55A2
56B2
2LR212

Voltage drops are computed to supply filament current of 300 ma.

RAYTHEON RESISTOR TUBES

No.of No,of Volts

6.3 V 25

V Drop

Tubes Tubes at

[
o
LSRR GESEOR MR VEGE SRR R GECESEGESRGESEGE GRS VE SRR SESE VR

DOOOONONDAUNRGN GGG R R RRRROOOIOIO OO

BB AR R R VR VR R R RV NN NV R
[N R GRGRGR SRR SRRVE SR VR VR VR SRR GRS VR N )

Special
2

Special

DO D 0D CA O3 QA b b

300ma

SMALL METAL SHELL TYPES

36,0 None
36,0 1 #40
36.0 2 #40
36,0 2 #40
36.0 1 #46
36,0 2 #46
36,0 2 #46
42,3 None
42,3 1 #40
42.3 2 #40
42.3 2 #40
42.3 3 #40
42,3 1 #46
42.3 2 #46
42.3 2 #46
48,6 None
48,6 1 #40
48,6 2 #40
Data Sheet at end of Characteri
. 2 #40
48,6 1 #46
48,6 2 #46
48,6 2 #46
54,9 None
54,9 1 #40
54.9 2 #40
54.9 2 #40
54,9 1 #46
54,9 2 #46
54.9 2 #46
GLASS BULB TYPES
42.3 1 #46
42.3 2 #46
42.3 2 #46
42,3 Hone
42,3 1 #40
42.3 2 #40
42.3 2 #40
48.6 1 #46
48.6 2 #46
48.6 2 #46
48.6 None
48,6 1 #40
48,6 2 #40
48,6 2 #40
54,9 1 #46
54,9 2 #46
54.9 2 #46
54,9 None
54,9 1 #40
54.9 2 #40
54,9 2 #40
18.6 1 #40
23.6 1 #40
46,5 None

LARGE PERFORATED METAL

42.3
42,3
42,3
4C,6
48,6
48,6
54.9
54,9
54.9
39

voltage of 117.5 volts.

No,of Dial Cir=-
Lamp
Type

Dial

Lamps

None

2
llone
1

2
Hone
1
2
2

FOR

#40
#40

#40
#40

#40
#40
#40

A-C = D-C RECEIVERS

cult

QurygCumMUUOow>»oowyOw>™

Vowoaowr»uowy

rOmUOWPUONUOWEDODOW>»UOW

ee Special
1

SHELL TYPES

DowrQWrowr

Base Pin liumbers Inter-
change=
able
R ®R 1t 1% witn
(see next page!
3 7
3 7 8
3 7 8
3 7 o] 2
3 7 8
3 7 8
3 7 c 2
3 7
3 7 8
3 7 8
3 7 8 2
3 7 8
3 7 8
3 7 8
3 7 3] 2
3 7
3 7 8
2 7 8
stio Data Section
3 7 8 2
3 7 8
3 7 8
3 7 8 2
3 7
3 7 8
3 7 8
3 7 8 2
3 7 8
3 7 8
3 7 8 2
1 4 3
1 4 3
1 4 3 2
1 4
1 4 3 40B2
1 4 3 4042
1 4 3 2
1 4 3
1 4 3
1 4 3 2
1 4
1 4 3 50B2
1 4 3 50A2
1 4 3 2
1 4 3
1 4 3
1 4 3
1 4 50X3
1 4 3
1 4 3 50X3T
1 4 3
1 4 3
Circuit
4
4 8
4 8 1
4 8 1
4 8
4 8 1
4 8 1
4 8
4 8 1
4 8 1
4 8 1 2
with line

Continued on next page
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BAYTHEON RESISTOR TUBE CIRCUITS

H'TRS OR ALS. HORF HORF
& 2 AMAA T I 2 AAAM E T 2 AMAM
CIRCUIT A CIRCUIT B CIRCUIT C
HORF HORF HTRS ORFIL'S
PR L ® & T ° NG PNt
PIN3
CIRCUIT D CIRCUIT E SPECIAL CIRCUIT FOR
TYPE 878 R 48
TUBE OUTLINE DIMENSIONS %0
@ 0 GLASS | SNALL | LARGE ® ®
METRL | METAL ®
® ® MAX. DIA. 16" 19" | 19" CRaY) -
MAK AT ROVE SORET| 4 6| 2 Y| 46 L)
BOTTOM VIEW OF BOTTOM VIEW OF
GLASS TUBE STANDARD METRL TUBE OCTAL
BRSE PIN LOCATION BASE PIN LOCRTION

For data on RAYTHEON RESISTOR TUBES FOR BATTERY OPERATED RECEIVERS refer to
the TYPES NB-1 to NB-8 at the end of the rating and characteristic data sec~
tion,

RAYTHEON MINATURE LAMPS
RADIO PANEL TYPES

Type Volts Amps, C.P. Bulb Base Bead L.C.L, M.0.L.
No, Color Inches Inches
R40 6-8 0,15 0.5 T-3 1/4 Min, Screw Brown 29/32 11/8
R40-A 6-8 0.15 0,5 T-3 1/4 Min. Bayonet Brown 23/32 11/8
R41 2,5 0.5 0.5 T-3 1/4 Min, Screw White 29/32 11/8
R42 3.2 0,5 0,75 T-3 1/4 Min. Screw Green 29/32 11/8
R43 2.5 0.5 0.5 1T-3 1/4 Min, Bayonet White 23/32 11/8
R44 6-8 0,25 0.8 T-3 1/4 Min. Bayonet Blue 23/32 11/8
R45 3.2 0.5 0,75 T=-3 1/4 Min, Bayonet Green 23/32 11/8
R46 6-8 0,25 0.8 T-3 1/4 Min, Screw Blue 29/32 11/8
R48 2,0 0,06 0,03 T-3 1/4 Min., Screw Pink 29/32 11/8
R49 2,0 0,06 0,03 T-3 1/4 Min, Bayonet Pink 23/32 11/8
R49-A 2.1 0,12 0.07 T-3 1/4 Min, Bayonet White 23/32 11/8
RS0 6-8 0,2 1,0 G-3 1/2 Min, Screw White 23/32 15/16
R292 2,9 0.17 0.3 T-3 1/4 Min, Screw White 29/32 11/8
R292A 2.9 0,17 0.3 T-3 1/4 Min, Bayonet Wnite 23/32 11/8
AUTOMOTIVE TYPFS
R51 6-8 0.2 1,0 G-3 1/2 Min, Bayonet White 1/2 15/16
R5S 6~8 0.4 1.5 G-4 1/2 Min, Bayonet White 1/2 11/16
1" 018
2 MAX.

L——q
mal.

s

R50

R 292R
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OOA

S1a-8UL8
5
s
. &
16 Max: i&
K
§
R 3
3
BAYONET
areoNG
MED. BRSE
~
9
11

Plate Voltage
Grid

RAYTHEON

TRIODE
VAPOR TYPE DETECTOR
Filament Type Glass Bulb

The 00-A i1s a vapor type triode tube
designed for service as a detector in
storage hattery operated receivers,

RATINGS

Filament Voltage
Filament Current
liax, Plate Voltace

CHARACTERISTICS

Plate Voltage

Grid Bias

Amplification Factor

Plate Resistance
Transconductance

Plate Current (approximate)

DETECTOR - GRID LEAK TYPE

Grid Leak Resistance

Grid Condenser

Grid to Plate
Input
Output

O1A

ST719 BULB

3

N
Y
%
A

4 PRONG

MED. BRSE

Ul

DIRECT INTERELECTRODE CAPACITAIICES

OOA

)

&%

o N

BOTTOM VIEW OF SOCKET

5 d-c volts
0.25 amp
45 volts
45 volts
[o] volts
20
30000 ohms
666 tunhos
1.5 ma
45 volts
Return to negative filament
to 3 mesolunsg
0.00025 uf
8.5 wef
3.2 wuf
2.0 witf

RAYTHEON

TRIODE
DETECTOR OR ALPLIFIER
Filament Type Glass Bulb

The Ol-A 1s a triode type amplifier
tube designed for service as a detec=
tor or amplifier in storage battery
operated recelvers.

RATINGS
Fllament Voltage
Filament Current
Max, Plate Voltage
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate
Input
Output

AVMPLIFIER = CLASS A

Plate Voltage 90
Grid Blas -4,5
Amplification Factor 8
Plate Resistance 11000
Transconductance 725
Plate Current 2.5
DETECTOR - BIASED TYPE
Plate Voltage 90

Grid Bias (approximate)

Plate Current

Plate Voltage
Grid

DETECTOR = GRID LEAK TYPE

=7.5
Adjusted to 0.2

2

O1A

&%

o

BOTTOM VIEW OF SOCKET
5 d-c volts
0.25 amp
135 volts
8.1 upf
3.1 unf
2.2 unf
135 volts

-9 volts
8

10000 ohms
800 umhos
3 ma
135 volts

~13.5

volts

ma with no signal

volts

45
Returned to positive filament
0.25 to 5 megohms

Grid Leak Resistance

Gric¢ Condenser

250
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RAYTHEON

TWIN DIODE
FULL WAVE GAS FILLED RECTIFIER
Ionic Heated Cathode Type
iletal Bulb-0Z4 Glass Bulb-0Z4G

The 0Z4 1s a full wave gas filled type
rectifier tube with an ionic heated
cathode requiringno heater supply volt-
age. It 1s designed particularly for
service where high overall efficiency is
desired.

BOTTOM VIEW OF SOCKET
0Z4G —#1 PN - comy.
_ FULL WAVE RECTIFIER —82 PIN-OMITTED
I 77 f
: BuLE i o Heater Supply Required
¥ Laald, aximum D-C Output Voltage 300 volts
~19 f;’ "G‘ N I{dnimum D=C Output Current 30 ma
N % Maximum D-C Output Current 75 ma
| {7 rree Maximum Peak Plate Current 200 ma
5 PRON Minimum Starting Peak Voltage 300 volts
CTAL BRSE Average Dynamic Voltage Drop 24 volts
=[]0
)&/g - The 0Z4 was developed primarily for use in vibrator type B
supply units for automobile receivers, It has the typical
characteristics of all gas-filled rectifiers as regards a
constant drop and ability to handle high peak currents. Any
tendency of the tube to generate r-f noise may be eliminat-
ed by proper filtering and by connecting the metal shell to
the point giving the best shielding. The shielding and fil=
tering commonly used to eliminate vibrator noise will usual
1y be sufficlent,
The 0Z4 is filled with a permanent gas rather than a vapor
filling. The tube characteristics are independent of the
surrounding temperature.
The 0Z4 has the same external form and dimenslons as other
tubes of the metal 1line. However, in this tube the metal
shell serves chiefly as contalner and electrostatic shield
for the glass bulb, which 1s required to insulate the con=
tained gas from the grounded shell.
0Z43-0Z4 G
75 —— OPERATING CHARRCTERISTICS IN TYPICAL VIBRATOR ELIMINATOR
|
350 “‘*ﬁ"“ﬂr voirads 50
[T toesser ()
325
-~
5008
<2
n ELIMINATOR
2755 55
$ ) n
= : Yo o T
§ e g §
=5 T ,% «5 024 - 0296
S <
> v‘ﬁ/,/ L~ \ -
200 1 o‘f'}‘ T “or
S W ast
N L~ 1~ %
50 = 100
4 Q
— Tt 3
125 - 255
3 <
0o 0% 2.0
v
zs§ ~—4—OYNAMIC DROP
3 |
22 || Q
30 35 40 45 50 55 60 &5 W 75 ,049
ac. oUTPUT CURRENT ~MA. (Iap)
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TETRODE
o\ REMOTE CUTOFF AMPLIFIER
Ry i
Filament Type Glass Bulb 90 @9
§ @
ST/ZP848| | S The 1A4T 1s a tetrode type amplifier
Y tube with remote cutoff characteristics R4
»¥ designed for service as a high fre= Q o
§ quency amplifier in batteryoperated re- 0 0
2 celvers, The ratings and electrical
00 &m characteristics are identical with those BOTTOM VIEW OF SOCKET
@1 ™| of the type 1D5GT. For characteristics
of the pentode type, 1A4P, refer to the /A4-P, Gy CONNECTED TO
type 1D5GP. 24 PIN (-F)
JFWWNG
} RATINGS
=
U U ‘o Filament Voltage 2,0 d=-c volts
Filament Current 0,060 amp
llaximum Plate Voltage 180 volts
laximum Screen Voltage 67.5 volts

DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate

0,012 max.# puf
6 uuf

Input .
Output 11 puf
AMPLIFIER = CLASS A
Plate Voltage 180 volts
Screen Voltace 67,5 volts
Grid Blas -3 volts
Amplification Factor 720
Plate Resistance 0.96 megohm
Transcondvctance 750 umhos
Plate Current 2.3 ma
Screen Current 0,7 ma
Transconductance at -15 volts blas 15 umhos
#With tube sileld.
RAVERAGE PLATE CHARACTERISTICS IRGT RYERAGE CHRRACTERISTICS
Ef=2.0"0C ID5Gr Epe2.0"0C
5 Lgs=67.5" @ Ep=180" Y .
0 [ £3g=67.5 000
| £s20—] >
as a5 /sm
I~ vaLUES <
UNSTABLE| / W /
€0 == @0 an
5 as o
— T, i
20 -
!/// H
v [3 <
25 . --3 253 203
< [
v
20% 204 t——r1400 X
H 1 . £ g
g =t 3 3
153 I .wg
w [ . &
L0 § == rod wg
i /
o5 =7V os / 100
0 0 —/‘4 0
0o @ 80 20 160 20 200 200 320 360 0 45 -2 S -6 -3 0/ \
PLATE YOLTAGE - VOLTS ORID BIAS -VOLTS ,Q‘b
hd
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1A6 RAYTHEON

HEPTODE
; PENTAGRID CONVERTER
e iac ¢ Filament Type Glass Bulb

The 1A6 1s a pentagrid type converter
tube designed for service as a combined
STi2-08u8 mixer and oscillator in battery oper-
§' ated superheterodyne receivera, The ra-
& tings and electrical characteristics are
QWV:,‘ identical with those of the type 1D7G.
'y

X9
<
£ BOTTOM VIEW OF SOCKET
o a
g, Ry| HTINGS
" Filament Voltage 2,0 d-o volts
& PRONG Filament Current 0,060 amp
SMALL BRSE| Maximum Plate Voltage 180 volts
Maximum Screen Voltage 67.5 volts
“ Maximum Grid #2 Voltage 135 volts
2 Maxipum Grid #2 Supply 180+ volts
'~  Minimum Crid #4 Blas -3 volts
Maximum Cathode Current 9 ma

DIRECT INTERELECTRODE CAPACITANCES (approximate)

Grid #4 to Plate 0,25 uuf
Grid #4 to Grid #2 0.2 # uuf
Grid #4 to Gria #1 0.1 # it 4
Grid #1 to Grid #2 0,8 puf
Grid £4 to all other Elements (r-f input) 10,5 [TIT% 4
Grid #1 to all other Elements (osc, input) 5 upf
Orid #2 to all other Elements (ossc, output) 6 upf
Plate to all other Elements (mixer output) 9 uuf
FREQUENCY CONVERTER - SUPERHETERODYNE CIRCUIT
Plate Voltage 135 180 volts
Soreen (Grids #3 and #5) Voltage €7.5 67,5 volts
Anode Grid (#2) Voltage 135 135 volts
Anode COrid Supply Voltage 180 ¢t volts
Control Grid €§4¥ Blas -3 =3 volts
Oscillator Grid (#1) Resistor 50000 50000 ohms
Plate Resistance 0.4 0.5 megohm
Conversion Transconductance 276 300 wmhos
Plate Current 1.2 1.3 ma
Screen Current 2.5 2.4 ma
Anode Grid Current 2.3 2.3 ma
Oscillator Grid Current 0.2 0.2 ma
Total Cathode Current 6.2 6.2 ma
Control Grid Bias -22,5 -22,5 volts

(For Conversion Transconductance = 4 umhos)

With plate voltage = 135 to 100 volts, soreen voltage = 67.5 volts, anode
grid voltage = 135 volts (no series resistor), control grid bias = -3 volts
and oscillator grid voltage = O voltas, the transconductance of the oscilla-
tor seotion (not oscillating) is 425 umhos and the anode grid ourrent is
2,3 ma.

tApplied through a 20000 ohm series resistor,by-passed by a O.,1 uf. conden-
ser
*With tube ahield.

AVERAGE CHARACTERISTICS /IR6 RVERAGE CHARACTERISTICS
Ep=2.0"0C 107G Ep=2.0"0C
Ep=/80" Ep=180"
Egp=135" Egp=135"
Ego=67.5" Esg=67.5"
OSCILLATOR GRID#/ RESISTOR = 500002 Egg=-3"
450 OSCILLATOR GRID#1 RESISTOR =
50000
400

&

CONVERSION TRANSCONDUCTANCE =-MICROMHOS

—
8

—
8

8

I~

N
8

/

/ 50
V
_—4//
o \
-2 -22 -20 -8 -6 -4 -12 -10 -8 -6 -4 -2 0 o 100 200 q%
CONTROL GRID (#4) BIAS -VOLTS OSC.GRID (#1) CUPRENT-MK!
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RAYTHEON

PENTODE
AMPLIFIER
Filament Type

1B4-951

Glass Bulb

The 1B4/951 1s a pentode type amplifier
tube designed for service as a hi

frequency amplifier in battery operated
receivers, The ratings and electrical
charaoteristicsare identical with those

1B4-951

of the type 1ESGP.

RATINGS

Filament Voltage
Filament Current
Maximum Plate Voltage
Maximum Screen Voltage

DIRECT INTERELECTRODE CAPACITANCES

BOTTOM VIEW OF SOCKET
2.0 deo volts
0,060 amp
180 volts
67.5 volts

Grid to Plate 0,007 max.# uuf
Input 5 wut
Output 11 uuf
AMPLIFIER = CLASS A
Plate Voltage 90 180 volts
Screen Voltage 67.5 67.5 volts
Grid Blas -3 - volts
Amplification Factor 600 975
Plate Resistance 1 1.5 megohm
Tranaconductance 600 650 umhos
Plate Current 1.6 1.7 ma
Screen Current 0.7 0.6 ma
Grid Bilas for Plate Current Cutoff -8 -8 volts
#*With tuve shield.
AVERAGE PLATE CHARACTERISTICS 184/951 RAVERRGE CHARACTERISTICS
Ep=2.0"0C IESG Ef=2.0vDC
Esg=67.5" Ep=180"
| — Eggm67.5Y
a0 .0 20 800
"1
P el
26
- as 00
/ |
32
1
/ / 20 600
28 A 8
| -2V T N
20 | =5 25 500 §
< < v
A : 3
20, 20 400
81 =0 § ¢
] &
L6 e 3 g
3 , 15z 500 3
w =—4" ] g
~ & S
re N a
N 3 g
/ LoX 200 &
v &
as ==5 N
3
. / 6", 058 100
— v
0 I 0 N
0 @ 60 L0 160 200 200 280 320 360 W0 B8 6 @ -2 ‘&

PLATE VOLTAGE - VOLTS

GRID BIRS—VOLTS

%
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1B5-25S RAYTHEON 1B5-25S

DUO~-DIODE TRIODE
DETECTOR AMPLIFIER
Fillament Type Glass Bulb

S
Ny
i; The 1B5/25S 1s a duo-dlode triode type
x% amplifier tube designed for service as
.§ a combined diode detector,AVC reotifier
opg and audio frequency amplifier in battery
L) operated recelivers, The ratings and
electrical ocharacteristics are 1den=
6 PRONG J tical with those of the type 116G, BOTTOM VIEW OF SOCKET
SMALL BASE|
“af RATINGS
Filament Voltage 2,0 d-o volts
Filament Current 0,060 amp
Maximmum Plate Voltage 135 volts
DIRECT INTERELECTRODE CAPACITANCES - TRIODE SECTION
Grid to Plate 3.6 [i1Thy
Input 2,0 upf
Output 3 puf
AMPLIFIER - CLASS A - TRIODE SECTION
Plate Voltage 135 volts
Grid Blas =3 rolts
Amplification Factor 20
Plate Resistance 35000 ohms
Transconductance 575 pmhos
Plate Current 0,8 ma

DIODE SECTION

The two diode units are independent of eaoh other and of the triode section
except for the common filament, The diodes may be used as a half-wave or
as a full-wave rectifier; or one dlode may be used as a half-wave rectifier
for detection, and the other diode used as a rectifier to obtain delayed AVO
voltage.

If only one diode plate 1s used as an audio reotifier, Dr on pin 4 should
be used because D[, 1s near the negative end of the !‘ilament and ourrent
will flow to this plate with zero signal when returned to the negative end
of the filament,

AVERAGE PLATE CHARACTERISTICS 1B5[255  AVERAGE CHARACTERISTICS

TRIODE SECTION IH6G TRIODE SECTION
Ep=2.0V0C Efp=2.0YDC
Ep=135Y
20 ] I 22
, | _ ampyIFICATION FACTOR |
L8

—
-
s 3
AMPLIFICRTION FACTOR

6
IR i
; |
re R
g 1L / - -
0
/.zi / f! N mé \ ‘\9,/ .
| NI AN R AN
/0& } ¥ } @) 2 w0
3 , 0 ’ M <5 K
N y £ & §
08 ¥ “R o3
; I AE A EE A
a6 N N e " §
I =
04 / i y / g
AVVIAVaVIR 8y -
o2 A y K
SN S by
, p A . S
0 25 S B w0 125 50 175 200 225 2% 25 30 0 4 8 12 )
PLATE VOLTAGE - VOLTS PLATE CURRENT-MA. S
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1C6 RAYTHEON

HEPTODE
-Lw'}—a PENTAGRID CONVERTER
Filament Type Glass Buldb

The 1C6 1s a pentagrid type converter
ST 120 8ULB tube designed for service as a combined
mixer and oscillator in battery oper-

§ ated superheterodyne receivers, The ra-
X tings and eleotrical charaoteristics
'Qm are identiocal with those of the type 1C7G,
xN
g5 | Rarvos BOTTOM VIEWOF SOCKET
o
Y Filament Voltage 2,0 d-o volts
o Filament Current 0.12 amp
6 Pkona Maximum Plate Voltage 180 volts
Skl Base| Maximum Screen Voltage 67.5 volts
- Maximum Grid #2 Voltage 135 volts
Y Maximum Grid #2 Supply 180t volta
) Minimum Grid #4 Bias -3 volts
Maximum Cathode Curront 9 ma
DIRECT INTERELECTRODE CAPACITANCES (approximate)
Grid #4 to Plate 0,3 # pwut
Grid #4 to Grid #2 0,3 upf
Grid #4 to Grid #1 0,15% upt
Grid #1 to Grid #2 1.5 puf
Grid #4 to all other Elements (r-f input) 10 puf

Grid #1 to all other Elements (oso, input) 6 [is 4
Grid #2 to all other Elements (oso. output) 6 wuf
Plate to all other Elements (mixer output) 10 uuf

FREQUENCY CONVERTER - SUPERHETERODYNE CIRCUIT

Plate Voltage 135 180 volts
Soreen(Grids #3 and #5) Voltage 67.5 67,5 volts
Anode Grid (#2) Supply Voltage 135 ¢t 180 ¢ volts
Control Grid (#4) Blas -3 -3 volts
Oscillator Grid (#1) Resisator 50000 50000 ohma
Plate Resistance 0,55 0,75 megohm
Conversion Conductance 300 325 umhos
Plate Current 1.3 1.5 ma
Soreen Current (approximate) 2 2 ma
Anode Grid Current 2,6 3.3 ma
Oacillator Grid Current 0.2 0,2 ma
Total Cathode Current (approximate) 6.5 7 me
Control Grid Bias -14 -14 volts

(For conversion conductance = 4 umhos )

With plate voltage = 135 to 180 volts, screen voltage = 67.5 volts, anode
grid voltage = 135 volts (no series resistor), control grid bias= =3 volts,
and oscillator grid voltage = O volts, the transconductance of the oscilla-
tor seoction (not oscillating) 1s 1000 umhos, and the anode grid current 1s
4,9 ma,

tApplied through a 20000 ohm series resistor,bypassed by a 0,1 uf, oonden-

ser.
#With tube shield.

AVERAGE CHARACTERISTICS 1C6 RVERAGE CHARACTERISTICS)
Ep=2.0"0C 1C7TG Ep=2.0"0C
Egge675" £p=180"
OSCILLATOR GRID®! RESISTOR = 500000 £Eg=180" THROUGH 20000
- v
£p=180" Eg2=180" THROUGH 20000° ™~ had Esgo67.%
——mmm £pal35" gy =135 YTHROUGH 200002 / o g 03 o108 RESISTOR = 500002
/ A §
/ <00 s
/i :
+ 360 ¥
Il I
W
(4 320 E >~ ~—}
0 & / N
S
/ : ™
290 <
f 2
/ §
20 ¥
z
w0 3
&
W
0 3
/ f s
e r ®
@ o0
—1] » 0,
W 18 -2 -4 B -9 -8 T -6 -5 -8 -3 2 4 0 0 w0 w0 w0 0
GRID #4 BIRS - VOLTS 5. GRID* CURRENT-MICRDAMP 2
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RAYTHEON

HEPTODE
PEIITAGRID CONVERTER
Filament Type Glass Bulb
The 1C7G is a pentagrid type converter
tube designed for service as a combined
, mixer and oscillator 1in battery oper=-
& ated superheterodyne receivers. The ra-
«2 tings and electrical characteristics are
identical with those of the type 1C6,
RN
§ RATINGS
I BOTTOM VIEW OF SOCKET
N Filament Voltage 2,0 d-c volts
™ Filament Current 0,12 amp
laxirmum Plate Voltage 180 volts
OCTAL BASE liaximum Screen Voltage 67.5 volts
S liaximum Grid #2 Voltage 135 volts
Umg[] Y laximum Grid #2 Supply 180 ¢ volts
_1 linimum Grid #4 Blas -3 volts
Maximum Cathode Current 9 ma

DIRECT INTERELECTRODE CAPACITANCESs*

Grid #4 to Plate 0,3 wuf
Grid #4 to Grid #2 0.3 puf
Grid #4 to Grid #1 0.1 uuf
Grid #1 to Grid #2 1,5 [T o
Grid #4 to all other Elements (r-f input) 11 wuf
Grid #1 to all other Elements (osc. input) 7 uuf
Grid #2 to all other Elements (osc, output) 7 uuf
Plate to all other Elements (mixer output) 14 uuf
FREQUENCY CONVERTER - SUPERHETERODYNE CIRCUIT
Plate Voltage 135 180 volts
Screen(Grids #3 and #5) Voltage 67.5 67,5 volts
Anode Grid (#2) Supply Voltage 135 t 180 t volts
Control Grid (#4) Blas -3 -3 volts
Oscillator Grid (#1) Resistor 50000 50000 ohms
Plate Resistance 0,55 0,75 megohm
Conversion Transconductance 300 325 pmhos
Plate Current 1.3 1,5 ma
Screen Current(approximate) 2 2 ma
Anode Grid Current 2.6 3.3 ma
Oscillator Grid Current 0,2 0.2 ma
Total Cathode Curront (approximate) 6,5 7 ma
Control Grid tias -1l4 -14 volts

(For Conversion Transconductance = 4 pmhos)

With plate voltage = 135 to 180 volts, screen voltage = 67.5 volts, anode
grid voltage = 135 volts (no serles resistor), control grid blas = -3 volts
and oscillator grid voltage = O volts, the transconductance of the oscilla=-
tor section (not oscillating) 1s 1000 umhos, and the anode grid current 1s
4.9 ma,

#With tube shield connected to cathode.
tApplied through a 20000 ohm series resistor,bypassed by a 0.1 uf conden=-
ser.

4

AVERAGE CHARACTERISTICS I1C6 RVERAGE CHARACTERISTICS|
Epe2070C 1C7G £p=2.0'0C
Egg=67.57 Ep=180"
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L

RAYTHEON

PENTODE
REMOTE CUTOFF AMPLIFIER
Filament Type Glass Buldb

The 1DSGP 43 a pentode type amplifier
tube with remote cutoff characteristics
designed for service as a high fre=-
quenoy amplifier in battery operated re-
celvers, The ratings and electrical
charaocteristics are identical with those
of the type lA4P, For characteristics
of the tetrode type, 1DSGT,refer to the
type 1A4T.

RATINGS

BOTTOM VIEW OF SOCKET

Filament Voltage 2,0 d-c volts
Filament Current . amp
llaximum Plate Voltage 8 volts
liaximum Screen Voltage 67.5 volts
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 0,007 max,#* upf
Input 6,2 wut
Output 12 uuf
AMPLIFIER - CLASS A
Plate Voltage 90 180 volts
Screen Voltage 67.5 67.5 volts
Grid Bias -3 -3 volts
Amplification Factor 425 750 megohm
Plate Resistance 0.6 1 megohm
Transconductanoe 720 750 pmhos
Plate Current 2.2 2.3 ma
Screen Current 0.9 0.8 ma
Transconductance at -15 volts blas 15 15 umhos
#With tube shield.
RAYERRGE PLATE CHARACTERISTICS /A4 r AVERRGE CHARACTERISTICS
— Ep=20DC Egqm67.5Y I1D5G p — Ep=2.00C
Ep=180Y
I Esg=67.5Y
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1D7G RAYTHEON

HEPTODE
<fm PEI'TAGRID CONVERTER
Filament Type Glass Bulb

The 1D7G i1s a pentagrid type converter
tube designed for service as a combined

378U x mixer and oscillator in battery operat-
§ ed superheterodyne receivers, The ra=-
Ty Fings and eleotrical charaoteristics
*.\"') are identical with those of the type 1A6,
<
g0 J|sS | RATINGS
s max A BOTTOM VIEW OF SOCKET
- Filament Voltage 2,0 d-o volts
8 PRONG Filament Current 0,060 amp
SMALL liaximum Plate Voltage 180 volts
OCTAL BRSE Maximum Screen Voltage 67.5 volts
< maximum Grid #2 Voltage 135 volts
UWU Ne|  kaximum Grid # Supply 180t volts
Minirmum Grid #4 Bilas -3 volts
Maximum Cathode Current ] ma
DIRECT INTERELECTRODE CAPACITANCES#
Grid #4 to Plate 0.3 s 4
Grid #4 to Grid #2 0.3 uuf
Grid #4 to Grid #1 0.1 puf
Grid #1 to Grid #2 1,5 (1178 of
Grid #4 to all other elements (r-f input) 11 uuf
Grid #1 to all other elements (oso,input) 7 iS4
Grid #2 to all other elements (osc,output) b wuf
Plate to all other elements (mixer output) 14 wuf

FREQUENCY CONVERTER - SUPERHETERODYNE CIRCUIT

Plate Voltage 135 180 volts
Screen (Grids #3 and #5) Voltage 67,5 67,5 volts
Anode Grid (#2) Voltage 135 135 volts
Anode Grid Supply Voltage 180t volts
Control Grid f£4¥ Blas =3 -3 volts
Oscillator Grid (#1) Resistor 50000 50000 ohms
Plate Resistance 0.4 0.5 megohm
Conversion Transconductance 275 300 umhos
Plate Current 1.2 1.3 ma
Screen Current 2,5 2.4 ma
Anode Grid Current 2.3 2.3 ma
Oscillator Grid Current 0,2 0.2 ma
Total Cathode current 6,2 6,2 ma
Control Grid Bias -22,5 -22,5 volts

(For Conversion Transconductance = 4 pmhos)

With plate voltage = 135 to 180 volts, screen voltage = 67.5 volts, anode
grid voltage = 135 volts (no series resistor), control grid blas =<3 volts
and oscillator grid voltage = O volts, the transconductance of the oscilla-
tor section (not oscillating) 1s 425 umhos and the anode grid current is
2.3 ma,

#With tube shield connected to cathode,
tApplied througha 20000 ohm series resistor,bypassed by a O,1 uf condenser,

RAYERAGE CMARARCTERISTICS /1R6 RVERAGE CHARACTERISTICS
Ep=2.0"DC 1P7G Ep= ao'vpc
Ep=180" Ep=180
Egz=135" Egp=i35"
Egq=67.5" Esg=61.5"
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tube

Filament Type

The 1ESGP 1s a pentode
designed for service as
frequency amplifier in battery operated
The ratings and electrical
characteristics are 1dentiocal with those
of the type 1B4/951.

receivers,

RAYTHEON

PENTODE
ANMPLIFIER

Glass Bulb

type amplifier
a high

BOTTOM VIEW OF SOCKET

RATINGS
7 PRONG
ocin shse
Filament Voltage 2.0 d-o volts
U [] e Filament Current 0,060 amp
— ilaxdmum Plate Voltage 180 volts
a Maximum Screen Voltage 67.5 volts
DIRECT INTERELECTRODE CAPACITALCES
Grid to Plate 0,007 max,# uuf
Input o [TITS §
Output 12 puf
AMPLIFIER - CLASS A
Plate Voltage 90 180 volts
Screen Voltage 67,5 67.5 volts
Grid Bias -3 =3 volts
Amplification Factor 600 975
Plate Resistance 1 1,5 megohms
Transconductance 600 650 umhos
Plate Current 1.6 1.7 ma
Screen Current 0,7 0,6 ma
Grid Bias for Plate Current- Cutoff -8 -8 volts
#With tube shield.
RAVERAGE PLATE CHARACTERISTICS 184/951 AVERAGE CHARACTERISTICS
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a0 ] _0 a0 800
EY =
- 35 100
/ sl |t / /
a2
"
/ a0 600
28 A / g
v —
| =-2 25 f 500 5
24 ¢ ]
< < L
3 // : b
20, 20z @00
1l = :
& 3 N
Le¥ 3
3 I o 15z §
wl =g I 5
K| &
X XN S b3
NI : 2
/' Lo §
as =57 w =
<
/ PYS 100
ae -—6“:.__
1 | =7V
0 1 0 >
0 w0 s 120 160 200 200 280 30 360 0 88 6 0 ‘@

PLRTE VOLTAGE —VOLTS

GRID BIAS -VOLTS

/e

RAYTHEON ENGINEERING SERVICE



1E7G

RAYTHEON

TWIN PENTODE

POWER AMPLIFIER
Filament Type Glass Buldb
ST 12-08UL8
Ny
13 The 1E7G 1s a twin pentode type ampli-
):@ fier tube designed for service as a
§ push-pull amplifier in the output astage
g ol of battery operated receivers.
~
B;‘"l;{ilff RATINGS BOTTOM VIEW OF SOCKET
OCTRL BRSE
U U R Filament Voltage 2.0 d-o¢ volts
__® Filament Current 0.24 amp
— Maximum Plate Voltage 135 volta
Maximum Soreen Voltage 135 volts
AMPLIFIER - CLASS A - EACH PENTODE
Plate Voltage 135 volts
Soreen Voltage 135 volts
Grid Bias# -4,5 volts
Amplifiocation Faotor 350
Plate Resistance 0.22 megohm
Transconductance 1600 umhos
Plate Current 7.5 ma
Seoreen Current 2,1 ma
AMPLIFIER - CLASS A - PUSH-PULL
Plate Voltage 135 volts
Soreen Voltage 135 volts
Grid Blas# =7.5 volts
No-Signal Plate Current (total) 6.5 ma
No-Signal Soreen Current (total) 2 ma
Load Resistance 24000 ohms
Total Harmonic Distortion 5 percent
Power Output 0.65 watt
(With signal = 12 volts RMS grid to grid)
#Grid return to negative filament.
RAVERAGE PLATE CHARACTERISTICS 1E7G  AVERAGE CHARRCTERISTICS
EACH PENTODE UMIT  £¢=2.0¥0-C  Esg/35" £528 el AMPLIFIER-CLASS A-PUSH PULL
6 E4=2.0%0-C £p=135Y Eyge135Y
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1F4 RAYTHEON
PENTODE
< 1 POWER AMPLIFIER
Fllament Type Glass Bulb
STI2 8L
The 1F4 1s a pentode type power ame
§' plifier tube designed for service in
¥ the output stage of battery operated
o receivers, The ratings and eleotrical
/’u &% oharacteristics are identical with
dox } those of the type 1FS5G.
*
5 pPeOVa RATINGS
MER BRSE
~ Filament Voltage
””U”U ‘g Filament Current
—_ Meximum Plate Voltege
Maximum Soreen Voltage
AMPLIFIER - CLASS A
Plate Voltage 90
Soreen Voltage 90
Grid Blas -3
Amplification Factor 340
Plate Resistance 0.24
Tranaconduoctance 1400
Plate Current 4
Soreen Current 1.3
Load Resistance 20000
Total Harmonic Distortion 5
Power Output 120

an,

BOTTOM VIEW OF SOCKET
2,0 d-o volts
0,12 amp
135 volts
135 volts
135 volts
135 volta

-4.5 volts
340
0.2 megahm
1700 umhos
8 ma
2.6 ma
16000 ohms
) percent
340 mw

n o AVERAGE PLATE CHARACTERISTICS (F& AVERAGE CHARACTERISTICS
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1F5G

RAYTHEON

PENTODE

POWER AMPLIFIER
Filament Type Glass Bulb
ST BuLB
§ The 1F5G is a pentode type power am=-
£ plifier tube designed for service in
,i'gn the output stage of battery operated
. receivers, The ratings and electrical
o MRx R oharacteristics are 1dentical with
Je| those of the type 1F4,
BOTTOM VIEW OF SOCKET
prlllg
OCTRL BRSE RATINGS
U U e Filament Voltage 2,0 d-o volts
_— Filament Current 0.12 amp
—_— Maximum Plate Voltage 135 volts
Maximum Screen Voltage 135 volts
AMPLIFIER - CLASS A
Plate Voltage 90 135 volts
Soreen Voltage 90 135 volts
Grid Bias -3 -4,5 volts
Amplification Faotor 340 340
Plate Resistance 0.24 0.2 megohm
Transconductance 1400 1700 umhos
Plate Current 4 8 ma
Soreen Current 1, 2,6 ma
Load Resistance 20000 16000 ohms
Total Harmonic Distortion 5 5 peroent
Power Output 120 340 mw

1 \— AYERAGE PLATE CHARACTERISTICS IFQ  RAVERAGE CHRRACTERISTICS
Egp=20"0C Eax0" :- IF5G Ep=2.0Y0C
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1F6 RAYTHEON 1F6

DUO-DIODE PENTODE
~{.360) DETECTOR AMPLIFIER
a Filament Type Glass Bulb

The 1F6 is a duo-diode pentode type am=-
plifier tube designed for service as a

STizoaus & oombined diode deteotor, AVC rectifier,
X and high or audio frequenoy amplifier
gy in battery operated receivers, The ra=~
'S tings and eleotrical ocharacteristics
¥ are identiocal with those of the type
s ;,T 76 BOTTOM VIEW OF SOCKET
W rarmves
Filament Voltage 2,0 d-o volts
& PPONG Filament Current 0,060 amp
SMALL BRSE| Max, Plate Voltage 180 volts
Max, Screen Voltage 67.5 volts
.
DU m oo DIRECT INTERELECTRODE CAPACITANCES - PENTODE SECTION
Grid to Plate 0,007 max,# uuf
Input 4 unf
Output 9 uuf
AMPLIFIER - CLASS A - PENTODE SECTION
Plate Voltage 180 volts
Screen Voltage 67,5 volts
Grid Blas -1.5 volts
Amplification Factor (approximate) 650
Plate Resistance (approximate) 1 megohm
Transconductance 650 umhos
Plate Current 2 ma
Soreen Current 0.6 ma
Transconductance at -12 volts bilas 15 umhos
AMPLIFIER - CLASS A (Resistance Coupled)-PENTODE SECTION
Plate Supply Voltage 135 135 135 volts
Soreen Supply Voltage 135 135 135 volts
Grid Biast -1,0 -1.5 =240 volts
Plate Resistor 0,25 0,25 0.25 megohm
Soreen Resistor 1 0.9 0.8 megohm
Signal Peak Voltage 0.64 0,63 0,62 volts
No-Signal Plate Current 0.42 0.42 0.42 ma
Max,-Signal Plate Current 0,34 0.34 0,34 ma
Grid Resistori 1 0.5 1 0.5 1 0.5 megohm
Output Peak Voltagei 30,8 28 29.4 26,6 28 25,2 volts
Total Harmonioc Distortion 5 5 5 5 5 5 peroent
Voltage Amplification 48 43 4 42 46 41

DIODE SECTION
The two diodes are located at the negative end of the filament, They are
independent of each other and of the pentode section except for the common
filament, The diodes may be used as a half wave or as a full wave rectifier
or one diode may be used as a half wave rectifier for detection, and the
other diode used as a rectifier to obtain AVC voltage,
#With tube shield.
4If a grid resistor 1is used, its value should not exceed 1 megohm.
{For following tube,

AVERAGE PLATE CHARACTERISTICS IF6 RVERAGE CHARACTERISTICS

PENTODE SECTION IF7G PENTODE SECTION
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1F7G RAYTHEON

DUO-DIODE PENTODE

~f a2 DETECTOR AMPLIFIER
Filament Type Glass Bulb
The 1F7G 18 a duo-diode pentode type
amplifier tube designed for service as
ST 12-0 848 » & combined diode detector, AVC recti-
§ fier, and high or audio frequency am-
b plifier in battery operated receivers,
:’ The ratings and electrical characterias-
;‘ tiocs are 1dentical with those of the
R type 1F6.
o0
1§ G | marINGs B0TTOM VIEW OF SOCKET
Filament Voltage 2,0 d-o volts
8 PRONG Filament Current 0,060 amp
SMALL Maximum Plate Voltage 180 volts
OCTRL BASE Maximum Screen Voltage 67.5 volts
U U e DIRECT INTERELECTRODE CAPACITANCES-PENTODE SECTION
__ ¥ Grid to Plate (with tube shield) 0,007 max, wef
- Input 4,0 uuf
Output 9 put
AMPLIFIER - CLASS A - PENTODE SECTION
Plate Voltage 180 volts
Screen Voltage 67.5 volts
Grid Blas =1.5 volts
Amplification Factor (approximate) 650
Plate Resistance (approximate) 1 megohm
Transconductance 650 umhos
Plate Current 2 ma
Soreen Current 0.6 me
Transconductance at -12 volts blas 15 umhes
AMPLIFIER - CLASS A - RESISTANCE COUPLED - PENTODE SECTION
Plate Supply Voltage 135 135 135 volts
Screen Supply Voltage 135 135 135 volts
Grid Blast -1.0 -1.5 -2,0 volts
Plate Resistor 0.25 0.25 0,25 megohm
Soreen Resistor 1.0 0.9 0.8 megohm
Signal Peak Voltage 0.64 0,63 0,62 volta
No-Signal Plate Current 0.42 0,42 0.42 ma
Max-Signal Plate Current 0.34 0.34 0,34 ma
Grid Resistori 1.0 0.5 1.0 0.5 1,0 0,5 megahm
Output Peak Voltagel 30,8 28 29.4 26.6 28 25,2 volts
Total Harmonic Distortion 5§ 5 5 ) 5 5 percent
Voltage Amplification 48 43 47 42 46 41

DIODE SECTION
The two dlode units are independent of each other and of the triode seotion
except for the common filament, The diodes may be used as a half-wave or
as a full wave rectifier; or one diode may be used as a half-wave rectifier
for detection and the other diode used as a rectifier to obtain delayed AVC
voltage,
If only one diode plate 1s used as an audio rectifier,Dg on pin 5 should be
used because Dy, 18 near the negative end of the filament and ourrent will
flow to this plate with zero signal when returned to the negative filament.
tIf a grid resistor 1s used, 1ts value should not exceed 1 megohm,
{For following tube.

RVERAGE PLATE CHARACTERISTICS IF6 RVERAGE CHRRACTERISTICS
PENTODE SECTION IF7G PENTODE SECTION
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1G5G RAYTHEON

PENTODE
POWER AMPLIFIER
Fllament Type Glass Buldb
The 1G5G is a pentode type power amplie
% fier tube designed for service in the
X output stage of battery operated receiv-
U OT8
¥N»
o, | mrmes BOTTOM VIEW OF SOCKET
Y|  Fllament Voltage 2,0 d-o volts
Filament Current 0.12 amp
Maximum Plate Voltage 90 volts
Maximum Soreen Voltage 90 volts
L3
_®
~ AMPLIFIER - CLASS A
Plate Voltage 90 volts
Soreen Voltage 90 volts
Grid Bies -6 volts
Amplifiocation Factor 200
Plate Resistance 0,133 megohm
Transoconductance 1600 pmhos
Plate Current 8,5 ma
Soreen Current 2.7 ma
Load Resistance 8000 ohms
Total Harmoniocs 9 peroent
Power Output 0.3 watts

AVERAGE PLATE CHARACTERISTICS IG5G AVERAGE CHRARACTERISTICS
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1H4G RAYTHEON

TRIODE
DETECTOR OR ALPLIFIER
Filament Type Glass Buldb

The 11i4G is a triode type amplifler tube
desligned for service as a detector or

5 amplifier in battery operated receivers,
X The ratings and electrical charaoterls-
! |No tics are 1dentical with those of the
* ¢
-5, E | type 30,
i | RATINGS
7 prong [ Heater Voltage 2,0 d-o volts  BOTTOM VIEW OF SOCKET
SMALL Heater Current 0,060 amp
OCTAL BASE Maximum Plate Voltage 180 volts
D@U “te| DIRECT INTERELECTRODE GAPACITANCES
Grid to Plate 5 upsf
Input 3 pus
Output 3 et
AMPLIFIER - CLASS A
Plate Voltage 90 135 180 volts
Grid Blas -4.5 -9 <13,6 volts
Amplification Factor 93 9.3 9,3
Plate Resistance 11000 10300 10300 ohms
Transconductence 850 900 900 pmhos
Plate Current 245 3.0 3.1 ma
If a srid resistor 1s used, 1ts value should not exceed 2 megohms,
AMPLIFIER - CLASS B - TWO TUBES
m Plate Voltage 180 volts
3 » Peak Plate Current (per tube) 50 ma
Maximum o-Signal “late Current (per tube) 1.5 ma
Typical Operation:
»late Voltage 157.5 volts
Grid rias -15 volts
i70-Si~nal " “~tc Current (per tube) 0,5 ma
Load Resiscance (plate to rlate) 8000 ohma
Povar Outwutt 2.1 watts
(Wit average power input = 260 mw., gric to grid)
DETECTOR = BIASED TYPE
?late Vcltage 90 136 180 volts
Grid “das (a 1 -9 -13,5 =18 volts
Flcte Currentl Adjusted to 0,2 ma, with no signal
DETECTOR - GRID LEAK TYPE
Plate Voltage 45 max, volts
Grid Returned to rositive filament
Grid Leal Rezistance 1l to 5 megohms
Grid Condenser 0400025 uf

$Wit one tiyie 1li4G as driver operated at plate voltage of 157,5 volts, grid
’as of -11,3 volts,plate load of approximately 12000 ohms,and input trans-
Tormer ratlo,primary to 1/2 secondary, of 1,165,Total distortionis 6% to7%.

1 maximum sirnal the average d-c plate current should not exceed

For additional curves refer to the type IO.

RVERRGE PLATE CHRRACTERISTICS 30 RAVERAGE CHARACTERISTICS
Ep=2.0YDC 1H3G AMPLIFIER-CLASS 8-2TUBES
Ep=2.0Y0C  £p=1575Y Eg=-15¥
| SIGNAL=T0Y RMS (6 T0G)
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1H6G RAYTHEON

DUO-DIODE TRIODE

I DETECTOR ANPLIFIER
Filament Type Glass Bulb
ST 12-0 B8 |
N
Y The 1lii5G is a duo-dicde triode type am-
N Plifier tube designed fer service as a
| ' §Y combined diode detector, AVC rectifier
18 o - X and auvdio frequency amplifier in battery
ool operated recelvers. The ratings and
N electrical characteristics are 1den-
greoc | || tical with those of the type 1B5/25S. BOTTOM VIEW OF SOCKET
SMALL
OCTAL BASE i
LU
N
Filament Voltage 2,0 d-o volts
Fllament Current 0,06C amp
llaximur Plate Voltage 135 volts

DIRKCT INTERELECTRODE CAPACITACES - TRIODE SECTION

Grid to Plate 3.6 unf
Input 2,0 uuf
Output 3 upt

ALPLIFIER - CLASS A - TRIODE SECTEION

Plate Voltage 135 volts
Grid oSlas -3 volts
Amplification iacter 20

Plate Reslstance 35000 ohms

ransconductance 575 urhos
Plate Current 0,8 ns

DIODE SECTION

The two dlode units arc independent of each other and of the triode scction
except for the cormmon filament, The diodes may bec used as a half-wave or
as a full-wave rcctifier; or one diode may be used as a half-wave rectifier
for detection, and the otier dlode used as a rectifier to obtain delayed AVC
vol:agze.

If only one diode plate is used as an audio rectifier, Dr on pin & should
e used Lecavse Dp, is ncar the negative end of the fllament and current
will flow to this plate with zero signal when returncd to the negative end
of the fllarent,

AVERRGE PLATE CHARACTERISTICS  IB5/255  AVERAGE CHARACTERISTICS

TRIODE SECTION IH6G TRIODE SECT/ON
Ep=2.0%0C Ef=2.0"0C
£p =135V
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1J5G RAYTHEON

PENTODE
POWER AMPLIFIER
Filament Type Glass Bulb

E

g MAX:

STI¢ BULB

> The 1J5G 1sa pentode type power ampli-
fier tube designed for service in the
output stage of battery operated re-
,{M ceivers, The ratings and electrical

s characteristics are 1identical with
those of the type 950,

Z
Y WX

BOTTOM VIEW OF SOCKET
7m‘p/mt
ocTAL BRSE RATINGS
’ii Filament Voltage 2,0 d-c  volts
—_— Filament Current 0,12 amp
EE—— Maximum Plate Voltage 135 volts
Maximum Screen Voltage 135 volts
AMPLIFIER - CLASS A
Plate Voltage 135 volts
Socreen Voltage 135 volts
Grid Blas -16.5 volts
Amplification Factor 100
Plate Resistance 0,1 megohm
Transconductance 1000 umhos
Plate Current 7 ma
Sereen Current 2 ma
Load Resistance 13500 ohms
Power Output 450 mw
Haximum Siznal Voltage (RMS) 11,7 volts
AVERAGE PLATE CHRRACTERISTICS 950 RAVERAGE CHARACTERISTICS
2 £p2.0°0C__ E£qq=135" 56 CLASS R OPERATION
Ep=20YDC. Ep=i35Y Egge135Y
& 2 Eg=-16.5Y
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1J6G

RAYTHEON

TWIN TRIODE
POWER ALIPLIFIER
1lament Type Glass Bulb
ST 12-0 88
X
k§ The 1J6G 1s a twin triode type amplifier
RS tube designed for service as a Class B
, %\ power amplifier 1in the output stage of
18 Bk § battery operated receivers, The ratings
"o‘Q and electrical characteristics, except
) filament current, are identical with
ﬂsmfza those of the type 19. BOTTOM VIEW OF SOCKET
OCTAL BASE
U~_l"1'<‘ RATINGS
Fllament Voltage 2.0 d-c volts
Filament Current 0.24 amp
liaximum Plate Voltage 135 volts
liaximum Peak Plate Current (per plate) 50 ma

ALPLIFIER - CLASS B

Plate Voltage 135 135 135 volts
Grid Blas -6 -3 0o volts
Ho-Sirnal Plate Current (pcr plate) 0.5 2 5 ma
Load Resistance (platc to plate) 10000 10000 10000 ohms
Power Output (approximate) 1.6 1.9 2.1 watts
Average Power Input (grid to grid) 0,095 0,13 0.17 watts
For additional curves refer to the type 19,

AYERAGE CHARACTERISTICS 9 RVERAGE CHRRACTER/STICS

AMPLIFIER-CLARSS B 1/66  AMPLIFIER -CLARSS B

Ep=2.0Y0C Ep=135" E400 R =100002 Ep220Y Ep=135Y EgeO r‘-/oaoa-'l

IHAG DRIVER: Ep=2.0°0-C Ep=I35 Es=-9"
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1-V RAYTHEON 1—-v

DIODE
- HALF WAVE 1IIGH VACUU:! RECTIFIER
ileater Type Glass DBulb % QQ

ST i2-0 8ULB

%
§ The 1-V 1s a half wave high vacuum type
W rectifier tube having a low voltage drop
, ; ;:@Q designed for service in power supplies 63 %
//63%," i X for storage battery or a-c operated re-

‘opg| ceivers, It 1B interchangeable with the  BOTTOM VIEW OF SOCKET
" mercury vapor type 1,

4 PRPONG
SMALL BRSE|

D D - HALF WAVE RECTIFIER - CONDENSER OR CHOKE INPUT FILTER
‘i
JE—

Feater Yoltage (z-c cr d-c) 643 volts
lieater Current 0,3 amp
iiaximum A-C Plate Voltage (RINS) 350 volts
Jiaximum Inverse Pealc Voltage 1000 volts
ilaximum D-C Output Current 50 ma
liaxirmur D=C Voltage between Heater and 500 volts
Cathode
AVERAGE TUBE VOLTAGE DROP 23 volts

(At 100 ma. Output Current)

AVERRGE OUTPUT CHARACTERISTICS RYERARGE PLATE
Ep=6.37 -v CHARACTERISTIC
Ep=6.3Y
+ 200
7
) Py _?L 100 / i/
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2A3 2A3
2A3H RAYTHEON 2A3H

TRIODE
I POWER AMPLIFIER
Glass Buldb 90 GQ
STI6 8ULB Filament Type-2A3 Ileater Type-2A3H4
The 2A3 and 2A3il are triode type pow-
» er amplifier tubes designed for ser- 248, 0
€ vice in the output stage of a-c op- o@ o
Ny erated receivers,
35/"" x_")
MRY
3| ratIvGs 90 69
%9 2A3
¥11, Voltage (a-c or d-c)2,5 volts
F1l, Current 2.5 amp
2PPONG 2A3II 23 ‘
MED. BRSE ‘eaterVoltege( a-c or d-c)2.5 volts 0@ %
i [ .
- cater Current B8 BT BorTOM VIEWS OFSOCKETS
[] [] ‘i 2A3H-CATHODE CONNECTED
— AUPLIFIER - CLASS A INT TO MID-POINT OF HERTER
Flate Voltage 250 max, volts
Grid Bias# -45 volts
Amplification Factor 4,2
Flate Resistance 800 ohms
Transconductanoe 5250 umhos
Plate Current 60 ma
Load Resistance 2500 ohms
Power Output (5% second harmonic) 3.5 watts
AUPLIFIER -« CLASS AB - PUSH-PULL - TWO TUBES
Filxed-Dias Self-Blas
Plate Voltage 300 max, 300 max, volts
Grid Bilas# -62 volts
Sclf-DBias Resistor 780 ohms
‘o-Signal Plate Currcnt (per tube) 40 40 ma
Load Resistance (plate to plate) 3000 5000 ohms
Total Iarmonic Distortion 2,5 5 percent
Power Output 15 10 watts

The self-blas resistor fer & sinsle tuhe should be approximately 750 ohms.
In cither sinzle tihe or p-sh-pull operation, the self-blas resistor should
be shunted h: a suitable filter network to minimize grid hias changes due
to curreat swrres tirouv:n: ti:e resistor,

Transformer or irpedance input syste:ns are recormended, If resistance
coupling is used, tie d-c resistarce 1in the srid circuit should not exceed
0,5 megohm with self-:1as or 0,05 me;j;olim with fixed-bias,

#2AZ 5rid bias =casured from mid-point of a-c operated filament,

racteristic curves refer to the types 6A3 and 634G, The characteris-
10 2A3 are the same as those of the 6A3 and the GB4G except for the
ozt rating,
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2A5

sT16 BULE
N
N
13
e
) '
i anax <
R
e
& PRONG
MER BASE
s
)
— 11

Plate Voltage
Soreen Voltage
Grid Blas

Self-Bias Resistor
Signal Pk,Volt,(G to G)
No-Signal Plate Current
No-Signal Screen Current §
Load Resistance(P to P)
Total Harmonic Dist,
Power Output (approx.)#

#With one 2A5 triode connected as driver operated
volts,grid bias of =20 volts and plate load of approximately 10000 ohms,
#Input transformer
AInput transformer
##Input transformer
49Input transformer

RAYTHEON

PENTODE
POWER AMPLIFIER
Heater Type Glass Bulb

The 2A5 1s a pentode type power ampli-
fier tube designed for service in the
output stage of a-o  operated receiv-
ers,

RATINGS

Heater Voltagef-c ord-c) 2,5 volts

Heater Current .75 amp
HMaximum Plate Voltage 315 volts
laximum Screen Voltage 315 volts

ANPLIFIER - CLASS A

BOTTOM VIEW OF SOCKET

Pentode Connection Triode Conneotiont
2

Plate Voltage 315 0 max, Volts
Screen Voltage 250 315 volts
Grid Blas -16,5 -22 -20 volts
Amplification Factor 20071 200% 7

Plate Resistance 80000f 75000} 2600 ohms
Transconductance 2500 2650 2700 umhos
Plate Current 34 42 31 ma
Screen Current 6.5 8 ma
Load Reslstance 7000 7000 4000 ohms
Total Harmonic Dist, 7 7 5 percent
Power Output 3 5 0,85 watts

AMPLIFIER - CLASS AB - TWO TUBES
Pentode Connection

Fixed-Bilas Self-Bias
375 maxe 375 max, 350 max,
250 max, 250 max,
-26 min, -38
340
22 94 123
34 54 45
8
10000 10000 6000
5 5 7
19 194 18 4%

secondary
secondary
secondary
secondary

ratio, primary to
ratio, primary to
ratio, primary to
ratio, primary to

4Screen connected to plate

IApproximate

For characteristic curves refer to the types 6F6G and 42,

Triode Connectiont
Fixed-Bias Self-Blas

350 max. volts
volts
volts

730 min, ohms

132 volts

50 ma

ma

10000 ohms

7 percent

1l4q watts

at plate voltage of 250

The characteris-

tics of the 2A5 are the same as those of the 6F6G and the 42 except for the

heater rating.
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2A6 RAYTHEON

DUO-DIODE TRIODE
DETECTOR AMPLIFIER
leater Type Glass Bulb

The 2A6 13 a duo-dlode triode type am-
plifier tube designed for service as a
combined diode dctector, AVC rectifier
and resistance coupled audio frequency
amplifier in a-c operated receivers,

BOTTOM VIEW OF SOCKET
RATINGS
6 PRONG Heater Voltage (a-c or d-c) 2,5 volts
SMALL BASE] Heatér Current 0:8 amp
- Naximum Plate Voltage 250 volts
IR
~ DIRECT ITERELECTRODE CAPACITAINCES
Grid to Plate 1.7 ppef
Input 2,0 nuf
Output 3.5 puf
ALIPLIFIER - CLASS A - TRIODE SECTIOl
Plate Voltage 250 volts
Grid Blas -2 volts
Amplification Factor 100
Plate Resistance 91000 ohms
Transconductance 1100 wmhos
Plate Current 1 ma

DIODE SECTIO!

The two diodes are independent of each other and of the triode section ex-
cept for the common cathode, The diodes may be used as a half wave or as a
full wave rectifier; or one diode may be used as a half wave rectifier for
detection and the other diode used as a rectifier to obtain delayed AVC
voltage.

The voltage between heater and cathode should be kept as low as possible
where they are not directly connected,

For characteristic ourves refer to the type 75. The characteristics of the
75 are the came as those of the 246 except for the heater rating.
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2A7 RAYTHEON

" HEPTODE
~0-a PENTAGRID CONVERTER
Heater Type Glass Bulb
The 2A7 1s a pentagrid type converter
ST 12-08U8 tube designed for service as a combined
»x osolllator and mixer in a-o operated
§ superheterodyne receivers,
X
W RATINGS
é\
{gm R geazar Xoltag:(n-o or d-o)g.g volts
eater Curren . amp
% Max, Plate Voltage 250 volts BOTTOM YIEW OF SOCKET
Max, Soreen Voltage 100 volts
m Max, Grid #2 Voltage 200 volts
Max, Grid #2 Supply 250¢ volts
Min., Grid #4 Blas -3 volts
” I” t“ Max, Cathode Current 14 ma
— 1
DIRECT INTERELECTRODE CAPACITANCES
Grid #4 to Plate 0,3 # put
Grid #4 to Grid #2 0,15# we
Grid #4 to Grid #1 0,15% uut
Grid #1 to Grid #2 1.0 puf
Grid #4 to all other Elements (R-F Input) 8.5 uuf
Grid #1 to all other Elements QOso.Input) 7 unf
Grid # to all other Elements (0ac,Output) 5.5 [1iTs
Plate to all other Elements (Mixer Output) ] unt
FREQUENCY CONVERTER - SUPERHETERODYNE CIRCUIT
Plate Voltage 100 250 volte
Soreen (Grids #3 and #5) Voltage 50 100 volts
Anode Grid (#2) Voltage 100 volts
Anode Grid Supply Voltage 250t volts
Control Grid #43 Blas -1l,5 -3 volts
Osoclllator Grid Resistor 50000 50000 ohms
Plate Resistance 0.6 0.3 megohm
Conversion Transconductance 360 550 wmhos
Plate Current 1.1 3.5 ma
Soreen Current 1.3 2,7 ma
Anode Grid Current 2.0 4.0 ma
Oscillator Grid Current 0.25 0,4 na
Control Grid Blas (approximate) -20 -45 volte

(For Conversion Transconduotance = 2 pmhos)

The voltage between heater and cathode should be kept as low as possible
where they are not directly connected.

tApplied through a 20000 ohm series resistor,by-passedbya O,1uf condenser,
#With tube shield.

For characteristic curves refer to the type 6A7. The characteristics of the
2A7 are the same as those of the 6A7 except for the heater rating.
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2B7 RAYTHEON 2B7

DUO-DIODE PENTODE

~ a0 DETECTOR AMPLIFIER
Heater Type Glass Bulb
ST 12-0 8UB The 2B7 1s a duo-dlode pentode type am-
» Plifier tube designed for service as a
§ combined diode detector, AVC rectifier,
B and high or audio frequency amplifier
E? in a-o operated receivers,
x
<
Aan
% RATINGS
7 PRONG Heater Voltage (a-c or d-o) 2,5 volts
SMALL bRSE Heater Current 0:8 amp
Maximum Plate Voltage 250 volts
”[llJ” v Maximum Screen Voltage 125 volts
11
DIRECT INTERELECTRODE CAPACITANCES - PENTODE SECTION
Grid to Plate 0,007 max,#* uuf
Input 3.5 uunf
Output 9.5 uuf
AMPLIFIER - CLASS A = PENTODE SECTION
Plate Voltage 100 180 250 250 volts
Soreen Voltage 100 75 100 125 volts
Grid Bias -3 -3 =3 =3 volts
Amplification Factor 285 840 800 730
Plate Resistance 0.3 1 0.8 0.65 megohm
Transconductance S350 840 1000 1125 umhos
Plate Current 5.8 3.4 6 9 ma
Screen Current 1.7 0,9 1,5 2.3 ma
Grid Bias -17 -13 =17 =21 volts

(For oathode current cutoff)
AMPLIFIER - CLASS A - RESISTANCE COUPLED -~ PENTODE SECTION

Plate Supply Voltage 250 250 250 volta
Screen Voltage 45 50 100 volts
Grid Blas -5 -4,5 -3 volts
Plate Reaistor 0.5 0.25 0,027 megohm
Plate Current 0.25 0,65 5.4 ma

DIODE SECTION

The two diode units are independent of each other and of the pentode section
except for the common cathode, The diodes may be used as a half wave or as
a full wave rectifier;or one diode may be used as a half wave rectifier for
deteoction, and the other diode used as a rectifier to obtain delayed AVC
voltage,

The voltage between heater and oathode should be kept as low as possible
where they are not directly connected,

#With tube shield.

For characteristic ourves refer to the type 6B7, The characteristios of the
2B7 are the same as those of the 6A7 except for the heater rating.
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TWIN DIODE

Filament Type

rectifier tube

currents,

Filament Voltage

Filament Current

FULL WAVE RECTIFIER - CHOKE INPUT FILTER(10

Filament Voltage
Filament Current

Maximum A-C Plate Voltage (RMS)
Maximum Inverse Peak Voltage

RAYTHEON

FULL WAVE HIGH VACUUM RECTIFIER
Metal Bulb

FULL WAVE RECTIFIER - CONDENSER INPUT
FILTER

liaximum A-C Plate Voltage (RMS)
Maximum Inverse Peak Voltage
liaximum D-C Output Current

Maximum D-C Output Current

9

The 5T4 1s a full wave high vacuum type
designed for service in
power supplies delivering high

@R
D
BOTTOM VIEW
5
2
450

1250
250

output

a=c

henrys
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Sh). AP

OF SOCKET

volts
amp
volts
volts
ma

minimum)

volts
amp
volts
volts
ma

RAVERAGE 0UTP%7'CH92HC7ZPLS7VCS S5T4
Ep=5.0

RVEPAGE PLRTE CHARACTERISTIC
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5U4G

ST /6 8ULB

£
3
gy
H
R
o peoma | WY
MEDIUM
OCTAL BRSE 1

RAYTHEON

TWIN DIODE
FULL WAVE HIGH VACUUM RECTIFIER
Filament Type Glass Bulb

The 5U4G 1s a high vacuum type full
wave rectifier tube designed for
service in power supplies deliver=
ing high output currents. The ra-
tings and electrical characteris=-
tics are 1dentical with those of
the types 5X4G and 5Z3.

FULL WAVE RECTIFIER
Condenser or Choke Input Filter

Filament Voltage

Filament Current

Maximum A-C Voltage per Plate (RiS)
Maximum Inverse Peak Voltage
Maximum D-C Output Current

AVERAGE TUBE VOLTAGE DROP
(At 250 ma. output current)

BOTTOM VIEW OF SOCKET
5 a=c voltse
3 amp
500 volts
1400 volts
250 ma
61 volts

AVERRGE OUTPUT CHARACTERISTICS

SU4G AVERAGE PLATE

v
50 Ep=5.0 SX4G CHARACTERISTIC
———Cj=quf  CURVE®I=500"PERPLATE [Enc) SR 3 (EACH PLATE)
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5V4G RAYTHEON

TWIN DIODE
FULL WAVE HIGH VACUUM RECTIFIER
Heater Type Glass Bulb

STi¢ 8L

x

§ The 5V4G is a full wave high vacuum type
rectifier tube havinga low voltage drop
designed for service in power supplies
delivering high output currents, Thera-
tings and characteristics are identical
with those of type 83-V.

BOTTOM VIEW OF SOCKET

FULL WAVE RECTIFIER -~ CONDENSER OR CHOKE INPUT FILTER

lleater Voltage 5 a=0 volts
Heater Current 2 amp
liaximum A-C Voltage per Plate (RMS) 400 volts
Maximum Inverse Peak Voltage 1100 volts
Maximum Peak Plate Current 700 ma
Maximum D=C Output Current 200 ma
AVERAGE TUBE VOLTAGE DROP 25 volts

(At 200 ma, output current per plate)

The cathode 1s connected within the tube to the center of

the heater,
AVERARGE OUTPUT CHARACTERISTICS 83v AVERAGE PLATE
Epms.0Y 5v4G CHARACTERISTIC
(eAcH PLATE)
rY 200 £p=xoV
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OCTAL B1

RAYTHEON

TWIN DIODE
FULL WAVE HIGH VACUUNM RECTIFIER
Filament Type
letal Bulb-5W4 Glass Bulb=5W4G

The S5W4 1s a full wave high vacuum type
rectifier tube designed for service in
power supplies delivering 1low output
currents,

FULL WAVE RECTIFIER
Condenser Input Filter

Filament Voltage (a-c) 5 volts

Filament Current 1.5 amp

Max., A=C Voltage (RMS) 350 volts
(per plate

Max, Inverse Peak Voltage 1000 volts

Max, D=C Output Current 110 ma

AVERAGE TUBE VOLTAGE DROP 50 volts
(At 110 ma. output current per plate)

Sw4a
5W4G

%

SW46
BOTTOM VIEW OF SOCKET

RVERAGE OUTPUT CHARACTERISTICS Swa

AVERAGE PLATE CHARACTERISTIC

Ep=5.0Y C,=43uf SW46G EACH PLATE
Ef as5.0v
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5X4G

ST 16 BULS

=

RAYTHEON

TWIN DIOIE
FPULL WAVE HIGH VACUUN RECTIFIER
Filament Type Glass Bulb

The §X4G 1s a high vacuum type full
wave rectifier tube designed for
service in power supplies deliver=-
ing high output currents, The ra=
tings and electrical characteris-
tics are 1dentical with those of
the types 5U4G and 5Z3.

FULL WAVE RECTIFIER
Condenser or Choke Input Filter

Filament Voltage

Filament Current

Maximum A-C Voltage per Plate (RNS)
Maximum Inverse Peak Voltage
Haximum D-=C Output Current

AVERAGE TUBE VOLTAGE DROP
(At 250 ma. output current)

BOTTOM VIEW OF SOCKET

5 a=oc volts

250

amp
volts
volts

volts

AVERAGE OUTPUT CHRRACTERISTICS SU4G AVERAGE PLATE
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600 . #3e300Y - - . 300
I~ E]
550 -y /
00
00 N -"‘--
S ~< 200
“vg ™~ 20 /
[} T~y
E ==l \.\ . 0
«m§ g =L nn§ 1(
& ~F=
08— =5
S —--.:::. nw&
3003 == =32 3
§ S~ "t 0y
2y -3 nu; /V
g s . —] 3 7
» —~—d 3L ™% /
| oo
150
0 & & 0 e m @0 K 80 W0 W w0 WD
D.C OUTPUT CURRENT -MA. (I) @
@
n &
z Y
¢ G
0 0 2 30 w0 N &
DC.PLATE VOLTAGE-VOLTS ///15»

RAYTHEON ENGINEERING

SERVICE



5Y3G RAYTHEON

TWIN DIODE
1 FULL WAVE HIGH VACUUM RECTIFIER
Filament Type Glass Bulb

N

3 The 5Y3G 1s a full wave high vacuum
LS type rectifier tube designed for ser-
%" vice in power supplies for a-c oper-
¥ | ated receivers, The ratings and elec-
~e| trical characteristiocs are identiocal
%'| with those of the type 80.

BOTTOM VIEW 0F SOCKET

FULL WAVE RECTIFIER - CONDENSER INPUT FILTER

Yo Filament Voltage 5 a-0 volts

i h Filament Current 2 amp
——— Maximum A-C Voltage per Plate (RMS) 300 400 volts
Maximum Inverse Peak Voltage 1000 1100 volts

Maximum Peak Plate Current 400 350 ma

Maximum D=C Output Current 125 110 ma

FULL WAVE RECTIFIER - CHOKE INPUT FILTER#

Filament Voltage 5 a=0 volts
Filament Current 2 amp
Maximum A-C Voltage per Plate (RMS) 550 volts
Maximum Inverse Peak Voltage 1500 volts
Maximum Peak Plate Current 300 ma
Maximum D-C Output Current 135 ma
AVERAGE TUBE VOLTAGE DROP 60 volts

(At 135 ma, output current per plate)

#Input choke must be at least 20 henries. An input condenser of not more
than 0,1 uf. may be used,

For characteristic curves refer to the type 80,

5Y4G RAYTHEON

TWIN DIODE
FULL WAVE HIGH VACUUM RECTIFIER
Filament Type Glass Bulb

STI? BULS

(24

type rectifier tube designed for ser-
vice in power supplies for a-c oper-
ated receivers, The ratings and elec-
trical characteristics are identical
with those of the type 80,

ﬁ,nThe 5Y4G 18 a full wave high vacuum
A)

BOTTOM VIEW OF SOLKET

FULL WAVE RECTIFIER - CONDENSER INPUT FILTER

Filament Voltage 5 a-c volts
Filament Current 2 amp
liaximum A-C Voltage per Plate (RIMS) 300 400 volts
Maximum Inverse Peak Voltage 1000 1100 volts
laximum Peak Plate Current 400 350 ma
lMaximum D-C Output Current 125 110 ma

FULL WAVE RECTIFIER - CHOKE INPUT FILTER#*

Filament Voltage 5 a-c volts
Filament Current 2 amp
ilaximum A-C Voltage per Plate (RMS) 550 volts
Ilaximum Inverse Peak Voltage 1500 volts
liaximun Peak Plate Current 300 ma
Maximm D-C Output Current 135 ma
AVERAGE TUBE VOLTAGE DROP 60 volts

(At 135 ma, output current per plate)

#Input choke must be at least 20 henriles, An input condenser of not more
than 0.1 pf, may be used,

For characteristic curves refer to the type 80,

RAYTHEON ENGINEERING SERVICE



5Z3

ST UL
§
1’0 .'-.f
28 seni ¥
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RAYTHEON

TWIN DIODE
FULL WAVE HIGH VACUUM RECTIFIER
Filament Type Glass Bulb

The 523 i1s a high vacuum type full
wave rectifier tube designed for
service in power supplies deliver-
ing high output currents, The ra=
tings and electrical characteris=-
tios are 1identical with those of
the types S5U4G and 5X4G.

FULL WAVE RECTIFIER
Condenser or Choke Input Filter

Filament Voltage

Filament Current

Maximum A-C Voltage per Plate (RMS)
Maximum Inverse Peak Voltage
Maximum D=C Output Current

AVERAGE TUBE VOLTAGE DROP
(At 250 ma. output current)

5Z3

G

o %%

BOTTOM VIEW OF SOCKET

5 a=o volts

3 amp
500 volts
1400 volts
250 ma
61 volts

AVERAGE WTPI'/T CHARACTERISTICS
=50

SUQG AVERAGE PLATE
S5X4G CHARACTERISTIC
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524 RAYTHEON 5Z4

TWIN DIODE
S 2 FULL WAVE HIGH VACUUM RECTIFIER
/_7 Heater Type Metal Bulb

»/é:l"x« Sy The 524 1s a full wave high vacuum type

) rectifier tube havinga low voltage drop
. designed for service in power supplies
1/ w-1§IQ for a-c operated reoeivers,

@

INPUT FILTER

.4:[5 FULL WAVE RECTIFIER - CONDELSER OR CHOKE BOTTOM VIEW OF SOCKET

SPPOMG OCTAL BRSE. Heater Voltage 5 a=0 volts
leater Current 2 amp

Maximum A-C Voltage per Plate (RMS) 400 volts

Maximum Inverse Peak Voltage 1100 volts

Maximum D-C Output Current 125 ma

AVERAGE TUBE VOLTAGE DROP 20 volts

(At 125 ma. output ourrent per plate)

The ocathode 1s connected to the heater within the tube,

RVERAGE OUTPUT CHARACTERISTICS 5Z4 AVERAGE PLATE CHARACTERISTIC
5.

Ep=5.0' EACH PLATE
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6A3

RAYTHEON

TRIODE

ST16 8ULB

BPRONG
MED. BRSE

POWER ANPLIFIER
Filament Type Glass Bulb

The 6A3 1s a triode type power am=

RATINGS

lleater Voltage (a-c or d-c)
Iieater Current
“aximum Plate Voltage

Iy
U0
—BL DIRECT INTERELECTRODE CAPACITANCES

Plate Voltare
Grid Plas:t

Grid to Plate
Input
Output

AMPLIFIER - CLASS A

Amplificatior Factor
Plate Resistance
Transconductance

Plate Current

Load Resistance
Power Output (5% second harmonioc)

6A3
SOM

e

»x plifler tube designed for service
§ in the output stage of storage
Rh battery or a-c operated receiversa.
%0 The ratings and eleotrical char- BOTTOM VIEW OF SOCKET
N acteristics are identical with those
2+ of the type 6B4G.
kY

6.3 volta
1.0 amp
325 volts
1o upf
7 uuf
5 unf

250 max, volts

-45 volts
4,2
800 ohms
5250 umhos
60 ma
2500 ohms
3.2 watts

AUPLIFIER ~ CLASS AB - PUSH-PULL - TWO TUBES

Fixed-Bias Self-Blas

Plate Voltage 325 325 volts
Grid Bias#* -68 volts
Self-Blas Resistor 750 ohms
il0o=-Signal Plate Current (per tube) 40 40 ma
Load Resistance (plate to plate) 3000 5000 ohms
Power Output 15 10 watts
Total llarmonic Distortion 2.5 5 peroent
#Grid blas measured from midpoint of a-c operated filament,
For additional curves refer to the type 6B4G.
AVERAGE PLATE CHARACTERISTICS 6A3 RAVERAGE CHARACTERISTICS
E=63YAC 6846 CLARSS q OPERATION
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6A4-LA RAYTHEON

PENT OIE
r POWER AMPLIFIER
Filament Type Glass Bulb
ST1e BULS
¥ The 6A4/LA 18 a pentode type power am-
.Y plifier tube designed for service Iin
S¢ the output stage of storage battery op-
/l‘u z!é“* erated reoeivers,
oy 3
<° ,
RATINGS BOTTOM VIEW OF SOCKE
5 PoNa
MER BRSE Heater Voltage (a-o or d-o) 6.3 volts
Heater Current 0.3 amp
UUU“U ."h Maximum Plate Voltage 200 vol:a
| Maximum Soreen Voltage 200 volts
AMPLIFIER - CLASS A
Plate Voltage 100 135 180 volts
Soreen Voltage 100 135 180 volts
Grid Bias#® =6,5 -9 =12 volts
Amplification Factor (approximate) 100 100 100
Plate Resistanoce 83250 52600 45500 ohms
Transconductance 1200 1900 2200 umhos
Plate Current 9 14 22 ma
Soreen Current 1.6 2.5 3.9 ma
Load Reslstance 11000 9500 8000 ohms
Power Output 0,31 0.7 1.4 watts
Total Harmonic Distortion 9 9 9 peroent

ANPLIFIER - CLASS AB - PUSH-PULL - TWO TUBES ~ SELF-BIAS

Plate and Soreen Supply Voltage (Ep + Eg)
Self-Bias Resistor

No-Signal Plate Current (per plate)

Load Resistance (plate to plate)

Total Harmonic Distortd on

Power Output

230 volts
700 ohms
16 ma
16000 ohms
10 peroent
4,2 watts

#Grid blas measured from negative end of d-c operated filament,If the fila=-
ment is a-o operated, the tabulated values of grid blas should be inoreas-
ed by 4 volts and be referred to the mid-point of the filament,

AVERAGE PLATE CHRRACTERISTICS 6R4/LA
C.

RVERRGE CHARACTERISTICS
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6A5G RAYTHEON

TRIODE
I POWER AMPLIFIER
Heater Type Glass Bulb
ST 16 8ULB
The 6A5G 1s a triode type power am-
plifier tube designed for service in
¥ ‘the output stage of storage battery
~¥ or a-c operated recelivers,
g} .
%8 MAX \-‘L‘?
3 RATINGS BOTTOM VIEW OF SOCKET
¥ Heater Voltage (a-c or d-o) 6.3 volts
Heater Current 1,25 amp
Maximum Plate Voltage 325 volts
8 PRONG
ocaL, ase
DIRECT INTERELECTRODE CAPACITANCES
Y
ULU,IU_“R Grid to Plate 16 put
— Input 7 puf
output 5 unt
AMPLIFTIER ~ CLASS A
Plate Voltage 250 max, volts
Grid Blas -45 volts
Amplification Factor 4.2
Plate Resistance 800 ohms
Transconductance 5250 umhos
Plate Current 60 ma
Load Resistance 2500 ohms
Power Output (5% second harmonio) 3,75 watts
AMPLIFIER « CLASS AB - TWO TUBES
Fixed-Blas Self-Bias
Plate Voltage 325 325 volts
Grid Blas -68 volts
Self-Bias Resistor 850 ohms
No-Signal Plate Current (per tube) 40 40 ma
Load Resistance (plate to plate) 3000 5000 ohms
Total Harmonics 2,5 5 percent
Power Output 15 10 watts
The cathode is connected internally to the mid-point of the heater and to

pin #8,

RVERRAGE PLATE CHARACTERISTICS 6RA5G  RVERAGE CHARACTERISTICS
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6A6 RAYTHEON

TWIN TRIODE
<} POWER AMPLIFIER
Heater Type Glass Bulb
S114 BULE The 6A6 isa twin triode type amplifi-
§ er tube designed for service as a
.X Class B power amplifier in the output
e stage of storage battery or a-c oper-
»xY ated receivers, The ratings and elec-
1§ R § trical charaoteristics are identical
Ld .\‘Q with those of the types 6N7 and 6N7G,
%
. RATINGS BOTTOM VIEWOF SOCKET
MED BASE Heater Voltage (a-c or d-c) 6.3 volts
‘;'.‘/’;‘Zf[”"’ Heater Current 0.8 amp
Maximum Plate Voltage 300 volts
N Maximum Peak Plate Current (per plate) 125 ma
DUUU“ Y Maximum Average Plate Dissipation 10 watts
AMPLIFIER - CLASS B
Plate Voltage 250 300 volts
Grid Blas 0 0 volts
No-Signal Plate Current (per plate) 14 17.5 ma
Load Resistance (plate to plate) 8000 10000 ohms
Power Output (approximate) 8 10 watts
(With average power input = 350 mw, grid to grid)
AMPLIFIER - CLASS A - DRIVER TRIODES CONNECTED IN PARALLEL
Plate Voltage 250 294 volts
@Grid Biast -5 -6 volts
Amplification Faotor 35 35
Plate Resistance 11300 11000 ohms
Transconductance 3100 3200 umhos
Plate Current ma

6 7
Load Resistance - Depends on the design of the following Class B amplifier,
. Usually between 20000 and 40000 ohms.
Power Output (approximate) 400 mw

tThe d-o resistance 1n the grid circult should not exceed 0.5 megohm with
self-blas or 0,1 megohm with fixed-bias,

For additional curves refer to the type 6N7G.

AVERAGE PLATE CHARACTERISTICS 6R6 AVERAGE CHARACTERISTICS

EACH TRIODE UNIT 6N7 CLASS 8 OPERARTION
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RAYTHEON 6A7

HEPTODE
PENTAGRID CONVERTER
— Heater Type Glass Bulb

The 6A7 1s a pentagrid type converter

tube designed for service as a combined
X oscillator and mixer in storage battery
\Q or a-o operated superheterodyne receiva-
Q‘! ers, The ratings and eleotrical charac-
x%’ teristilos are identical with those of
§ the types 6AE and 6A8G,
)

A marINGS BOTTOM YIEW OF SOCKET
n
Heater Voltage (a-c or d-0)6.3 volts
Heater Current . amp
llax, Plate Voltage 250 volts
:*h lMax, Screen Voltage 100 volts
l‘ax, Grid #2 Voltage 200 vyolts
Max, Grid #2 Supply 250t volts
Min., Grid #4 Blas =3 volts
Max, Cathode Current 14 ma
DIRECT INTERELECTRODE CAPACITANCES.
Grid #4 to Plate 04 3% 1178 o
Grid #4 to Grid #2 0.15% puf
Grid #4 to Grid #1 0,15% uut
Grid #1 to Grid #2 1.0 it
Grid #4 to all other Elements (R-F Input) 8.5 puf
Grid #1 to all other Elements (Osc., Input) 7 wuf
Grid #2 to all other Elements (Osc, Output) 5.5 uuf
Plate to all other Elements (Mixer Output) 9 puf
FREQUENCY CONVERTER - SUPERHETERODYNE CIRCUIT
Plate Voltage 100 250 volts
Screen (Grids #3 and #5) Voltage 50 100 volts
Anode Grid (#2) Voltage 100 volts
Anode Grid Supply Voltage 250t volts
Control Grid (#4) Blas -1.5 -3 volts
Oscillator Grid Resistor 50000 50000 ohms
Plate Reslstance 0.8 0.3 megohm
Conversion Transconductance 360 580 umhos
Plate Current 1.1 3.5 ma
Soreen Current 1.3 2,7 ma
Anode Grid Current 2,0 4.0 ma
Oscillator Grid Current 0.25 0.4 ma
Control Grid Bias (approximate) -20 -45 volts

(For Conversion Transconductance = 2 umhos)

The voltage between heater and cathode should be kept as low as possible
where they are not directly connected,

tApplied through a 20000 ohm serles resistor,bypassedbya 0.1 uf condenser,

#With tube shield.

AVERRGE CHARACTERISTICS 6R7 AVERARGE CHARACTERISTICS
CONVERTER OPERATION o 6R8 CONVERTER OPERRT/ION
Ep=63Y 6R8G Ep=63Y £,°250" £549.4%1007
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RAYTHEON

HEPTODE
PENTAGRID CONVERTER
Heater Type
Metal Bulb-6A8 Glass Bulb-6A8G

The 6A8 1s a pentagrid type converter
tube designed for service as a combined
oscillator and mixer in storage battery
or a-c operated superheterodyne receiv-
ers, The ratings and electriocal char-
aoteristics are ldentical with those of

the type 6A7. 6R8G BRSING SAME RS
RATINGS 648 EXCEPT NO CONN.
TO PIN¥

Heater Voltage (a-c or d-6)6,3 volts

A Heater Current 0.3 amp BOTTOM VIEW OF SOCKET
6R86 § Max, Plate Voltage 250 volts
ST 12-08uU8 | & Max, Screen Voltage 100 volts
liax, Grid #2 Voltage 200 Vvolts
] Max, Grid #2 Supply 250+ volts
lin, Grid #4 Blas -3 Vvolts
3 lax, Cathode Current 14 ma
b 3
/4%, 4|9 DIRECT INTERELECTRODE CAPACITANCES
i
6A8# 6ABG+
8 PeONG Grid #4 to Plate 0,03 0,3 [Ts 4
SMALL Grid #4 to Grid #2 0.1 0.2 puf
OCTAL BASE Grid #4 to Grid #1 0.09 0.2 uuf
e Grid #1 to Grid #2 0.08 1,3 uuf
UwUU——' Grid #4 to all other El,(r-f input) 12,5 10 uut
Grid #1 to all other El.(osc.input) 6.5 6 uut
Grid #2 to all other El.(osc.output) 5 5 unt
Plate to all other El,(mix,output) 12,5 10 nut
FREQUENCY CONVERTER - SUPERHETERODYNE CIRCUIT
Plate Voltage 100 250 volta
Screen (Grids #3 and #5) Voltage 50 100 volts
Anode Grid (#2) Voltage 100 volts
Anode Grid Supply Voltage 250t volts
Control Grid %;43 Bias -1.5 -3 volts
Oscillator Grid Resistor 50000 50000 ohms
Plate Resistance 0.6 0,3 megohm
Conversion Transconduetance 360 550 umhos
Plate Current 1.1 3.5 ma
Screen Current 1,3 2,7 ma
Anode Grid Current 2.0 4.0 ma
Oscillator Grid Current 0.25 0.4 ma
Control Grid Bias (approximate) -20 -45 volts

(For Conversion Transconductance = 2 umhos)

The voltage between heater and cathode should be kept as low as possible
vhere they are not directly connected.

#With shell connected to cathode,

#With tube shield oonnected to cathode,

tApplied through a 20000 ohm series resistor,bypassed by a 0,1l uf condenser,

RVERAGE CHRRACTERISTICS 6R7 RAVERRGE CHARACTERISTICS
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6ABS RAYTHEON

CATIIODE RAY TUWING I.!DICATOR
“eater Type Glass Bulb

79 BULB
| 80 | o The 6AB5 is a high vacuum type indica=-
B MRX ~

> tor tube designed for serviceas a tune
ing indicator inradio receivers requir=-

§ ing a low heater current tube.
k;}g
RATINGS BOTTOM VIEWOF SOCKET
6 PRONG
SMALL BRSE|
lieater Voltage (a=-c or d-c) 6.3 volts
leater Current 0.150 amp
‘ax, Plate Supply Voltage 135 volts

i‘ax, Target Voltage 135 volts

TUNING INDICATOR

Plate Supply Voltage 135 volts
Target Voltage 135 volts
Plate Resistor 0.25 megohm
Target Current (approximate) 4,5 ma
Plate Current (zero blas ) 0.5 ma
Grid Bias for Shadow Angle = 0°(approx.) =7.5 volts
Grid Tlas for Shadow Angle =90°(approx.) O volts
The 6ALS 1c ~ 1] -yocuum tube designed to visually indicate the effect of

changing tc conirol grid bias., The shaded pattern produced on the fluore=
scent target varicc through an angle from 900 to approximately 0° as the
control voltage is varied, The voltage on the shadow control electrode, the
extension of the triode plate bctween the cathode and target, controls the
extent of thc shaded area. The voltage of the shadow control electrode 1s
deternined by the voltage of the control grid of the triode connected as a
d-c amplifier, Thus the control grid voltage determines the extent of the
shadow, An increase of control grid bias thus increases the shadow control
voltage and decreases the shadow while a decrease of blas Increases the
shadow. In practical use the control grid voltage is obtained from a suit=-
able point in tie AVC network.

—
6ABS
AVERAGE CHARACTERISTICS
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6ACS5G RAYTHEON

TRIODE
POWER AWPLIFIER
Heater Type Glass Bulb
The 6ACS5G 1s a hlgh-mu triode power am=~
ST 12-088 plifier tube designed for positive blas
! Class Ag operation particularly 4n a
§ direct or dynamic coupled circult using
& a type 76 driver tube, Two 6ACSG tubes
$® are also adapted for use 1n a Class B
o 3 stage. A
18 MAX ;’km RATINGS OTTOM VIEW OF SOCKET
v Heater Voltage (a-c or d-o) 6,3 volts
6 PRONG Heater Current 0,4 amp
SMALL Maximum Plate Voltage 250 volts
OCTAL BASE Maximum Peak Plate Current 110 ma
UWU e liaximun Plate Dissipation 10 watts
0
———7 ANMPLIFIER - CLASS A
Plate Voltage 250 volts
Grid Blas +13 volts
Amplification Factor 125
Plate Resistance 36700 ohms
Transconductance 3400 pmhos
Plate Current 32 ma
Grid Current 5 ne

AMPLIFIER - CLASS A - DIRECT OR DYWANIC COUPLED

Single Tube Push-Pull-Two Tubes

1- Type 2-Type 2-Type

76 Driver 76 Drivers 6J5G Drivers
Plate Supply Voltage 250 250 250 volts
Grid Blas * * * volts
¥o-Sig, Plate Current 32 64 48 ma
Max, Sig. Plate Current 76 72 ma
No-Sig. Driver Plate Current 5.5 10 8 ma
Max, Sig, Driver Plate Current 19 20 ma
Load Reslistance 7000 10000(P=-P) 10000 (P-P) ohms
Max,Signal Voltage RMS (Driver) 16,5 4 (G-G) 50 (G=G) volts
Total Harmonics 10 10 10 percent
Power Output 3.7 ¢ 9.5 9.5 watts

AMPLIFIER -~ CLASS B - TWO TUBES

Plate Voltage 250 valts
Grid Bias 0 volts
Signal Peak Voltage (grid to grid) 70 volts
No-Signal Plate Current 5 ma
Load Resistance (plate to plate) 10000 ohms
Power Output (approximate) 8 watts

(With peak input of 950 mw, grid to grid)

# No external grid blas is required as the direct or dynamic coupled cir~
cult automatically supplies the proper blas to both tubes, The total d-c
resistance in the grid circuit of the type 76 driver tube should not exceed
1,C megolm,

+ Maxirmm power output at start of driver grid current 1s 4,3 watts with
total harmonic distortion of approximately 16%,

RAVERAGE PLATE CHARACTERISTICS 6AC5G AVERAGE CHARACTERISTICS
£p=63Y DIRECT OR DYNAMIC COUPLED

AMPLIFIER -CLASS A
TYPE 76 DRIVER
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6B4G RAYTHEON

TRIODE
POWER AMPLIFIER
Filament Type Glass Bulb
ST /6 8ULB
The 6B4G 1s a triode type power am-
»x plifier tube designed for service
Y in the output stage of storage
?,“\’ battery or a-c operated recelivers,
2"”‘ x'a The ratings and electriocal char-
B Max § acteristics are 1dentical with those
7’" of the type 6A3, BOTTOM VIEW OF SOCKET
|
RATINGS
8 PRoNG Heater Voltage (a-c or d-c¢) 6.3 volts
sonEouM Heater Current 1.0 amp
Maximum Plate Voltage 325 volts
Yo
1
— DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 16 uut
Input 7 pet
Output 5 [TITS o
AMPLIFIER - CLASS A
Plate Voltage 250 max, volts
Grid BlasH -45 volts
Amplification Factor 4.2
Plate Resistance 800 ohms
Transconductance 5250 umhos
Plate Current 60 na
Load Resistance 2500 ohms
Power Output (5% second harmonioc) 3.2 watts

AMPLIFIER - CLASS AB - PUSH-PULL - TWO TUBES

Plate Voltage

Grid Blass

Self-Blas Resistor

No-Signal Plate Current (per tube)
Load Resistance (plate to plate)
Power Output

Total Harmonic Distortion

Fixed-Bias Self-Blas
325

325 volts

-68 volts
750 ohms

40 40 ma
3000 5000 ohma
15 10 watts
2.5 5 peroent

#Grid blas measured from midpoint of a-c operated filament.

For additional curves refer to the type 6A3.

AVERAGE CHARACTERISTICS 6R3

AVERAGE CHARACTERISTICS

PUSHPULL CLASS RB 684G PUSHPYLL CLASS AB
(TWO TUBES) (TWO TUBES)
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6B5 RAYTHEON
DUO-TRIODE

Heater Type Glass
ST BULB

; The 6BS is a direct coupled powe
. plifier tube designed for servi

_;}? the output stage of storage batte:

/g'u H a-0 operated receivers. The ra
R and electrical characteristic

‘@Q identical with those of the type

RATINGS

Heater Voltage (a-c or d-o)
o ! Heater Current
t Maximum Plate Voltage

AMPLIFIER - CLASS A

Output-Plate Voltage 250
Input-Plate Voltage 250
Grid Bias o

Ampliflocation Factor
Plate Resistance

Transconductance
Output-Plate Current 33
Input-Plate Current 6,5
Load Resistance 7000
Total Harmonioc Dist, 5
Power Output 2.5
Signal Voltage RMS 13.5
AMPLIFIER = CLASS A - PUSH-PULL
Output-Plate Voltage 250
Input-Plate Voltage 250
Grid Blas 0
Output-Plate Current (per tube) 33
Input-Plate Current (per tube) 645
Load Resistance (rlate to plate) 10000
Total Harmonic Distortion 5
Power Output 8.5
Signal Voltage RMS (grid to grid) 38

The voltage between heater and cathode should not
case should the heater be left floating,

If a grid resistor 1s used its value should not ex

I DIRECT COUPLED POWER AMPLIFIER

Bulb

T ame
ce in
ry or
tings
s are
ONCCe  BaTTOM VIEW OF SOCKET
6,3 volts
0.8 amp
325 volts
300 325 volts
300 325 volts
(o] 0 volts
58
24100 ohms
2400 umhos
45 51 ma
8 9 ma
7000 7000 ohms
5 5 percent
4 6.2 watts
15 plg volts
- TWO TUEES
300 325 volts
300 325 volts
0 0 volts
45 51 ma
8 9 ma
10000 10000 ohms
5 5 percent
10 13,5 watts
38 42 volts

exceed 50 volta and in no

ceed 0,5 megohm,

For additional curves refer to the type 6N6G.

RVERAGE PLATE CHARACTERISTICS 685 RAVERRGE CHARACTERISTICS
OYTPUT SECTION 6N6G CLASS A OPERATION
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RAYTHEON

DUO-DIODE TRIODE
DETECTOR AMPLIFIER
Heater Type Glass Bulb

The 6B6G 1s a duo-diode triode type ame
plifier tube designed for service as a
combined diode detectcr, AVC reotifier
and resistance coupled audio frequency
amplifier in storage battery or a-c op-
erated receivers, The ratings and elec-
trical characteristics are 1dentical  BOTTOM VIEWOF SOCKET
with those of the type 75.

OCTAL BASE RATINGS
U[MUU ‘1& Heater Voltage (a-c¢ or d-o) 6e3 volts
—ty Heater Current 0.3 amp
Maximum Plate Voltage 250 volt

DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate 1.3 upf
Input 2.7 uuf
Output 4,5 upf
AXPLIFIER - CLASS A - TRIODE SECTION
Plate Voltage 250 volts
Grid Blas -2 volts
Amplification Factor 100
Plate Resista:ce 91000 ohms
Transconductance 1100 umhos
Plate Current 1 ma

DIODE SECTION

The two diodes are independent of each other and of the triode sestion ex-
cept for the common cathode, The diodes may be used as a half wave or as a
full wave rectifier; or one dicde may be used as a half wave rectifier for
deteotion and the other dlode used as a rectifier to obtain delayed AVC
voltage.

The voltage between heater and cathode should be kept as low as possible
where they are not directly connected.

AVERAGE PLATE CHARACTERISTICS 7% AYERAGE CHARACTERISTICS
TRIODE SECTION 6866 TRIODE SECTION
Ef=6.3Y Ef=6.3Y
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6B7 RAYTHEON eB7

DUO~-DIODE PENTODE
{3800 DETECTOR AMPLIFIER
Heater Type Glass Bulb

The 6B7 1s a duo=-diode pentode type am=-
plifier tube designed for service as a
combined diode detector, AVC rectifler,
and high or audio frequency amplifier
in storage battery or a-c operated re-
celvers,

RATINGS BOTTOM VIEW OF SOCKET
lleater Voltage (a=-c or d-c) 6,3 volts
jieater Current 0.3 amp
liaximum Plate Voltage 250 volts
i‘aximum Screen Voltage 125 volts

DIRECT INTERELECTRODE CAPACITAICES - PENTODE SECTION

Grid to Plate 0,007 max,: uuf
Input 3.5 unf
Output 9.5 unf

MPLIFIER - CLASS A - PENTODE SECTION

Plate Voltage 100 180 250 250 volts
Screen Voltagze 100 75 100 125 voltas
Grid Bias =3 -3 -3 -3 volts
Amplification Factor 285 840 800 730

Plate Resistance 0.3 1 0,8 0.65 megohm
Transconductance 950 840 1000 1125 pmhos
Plate Current 5.8 3.4 6 9 ma
Screen Current 1.7 0.9 1.5 2.3 ma
Gric¢ Blas -17 -13 =17 -21 volts

(For cathode current cutoff)
AiPLIFIER -« CLASS A - RESISTAYCE COUPLED - PENTODE SECTION

Plate Supply Voltage 250 250 250 valts
Screen Voltage 45 50 100 volte
Grid Sias -5 -4.5 =3 volts
Plate Resistor 0.5 0.25 0,027 megohm
Plate Current 0,25 0,65 6.4 ma

DIODE SECTION

The two diode units are independent of each other and of the pentodesection
except for the comnon cathode, The diodes may be used as a half wave or as
a full vwr—e rectificr; or one diode maybe used as a half wave rectifler for
dectection, and the other dlode used as a rectifier to obtain delayed AVC

voltace.

The voltage between heater and cathode should be kept as low as possible
vhere tihey are not directly connected.

#With tube shield.

AVERRGE PLATE CHARACTERISTICS 687  AVERRGE CHARACTERISTICS
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6B8 RAYTHEON

DUO~-DIODE PENTODE
DETECTOR AMPLIFIER
Hetal Bulb Heater Type

The 6B8 is a duo-diode pentode type am=
plifier tube designed for service as
combined diode detector, AVC rectifier
and r-f, 1-f, or a-f amplifier,

RATINGS
Heater Voltage 6,3 volts BOTTOM VIEW OF SOCKET
Heater Current 0,3 amp
ax, Plate Voltage 250 volts
}ax, Screen Voltage 125 volts

DIRECT INTERELECTRODE CAPACITANCES ~ PENTODE SECTION
(Shell connected to cathode)

Grid to Plate 0,008 max, upf
Input 6 uuf
Output 9 uuf

Ai’PLIFIER = CLASS A - PENTODE SECTION

Plate Voltage 250 volts
Soreen Voltage 125 volts
Grid Bias =3 volts
Amplification Factor 800 approx,

Plate Resistance 0,6 approx, megohm
Transconductance 1325 umhos
Plate Current 10 ma
Screen Current 2,3 ma
Grid Bias for Cathode Current Cutoff =21 approx, volts

DIODE SECTION

The two diode units are independent of each other and of the pentode sec=
tion except for the common cathode. The diode units may be used as a half
wave or as a full wave rectifier; or one diode may be used as a half wave
reotifier for detection, and the other diode used as a rectifier to obtain
delayed AVC voltage.

AVERAGE PLATE CHRRACTERISTICS 688 RVERAGE CHARACTER!
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6B8G RAYTHEON

DUO=-DIODE PENTODE

-if-a DETECTOR AMPLIFIER
Heater Type Glass Bulb
& The 6B8G 1s a duo=diode pentode type ame
sTiz08u8 = plifier tube designed for service as
combined dlode detector, AVC rectifier
™ and r-f, 1-f, or a=f amplifier.
2%
§ RATINGS
&
. Heater Voltage 6.3 volts
4 Heater Currergxt 0.3 amp BOTTOM VIEW OF SOCKET
llax., Plate Voltage 250 volts
liax., Screen Voltage 125  volts
8 PeonG
x;ﬁgﬁﬁ DIRECT INTERELECTRODE CAPACITANCES - PENTODE SECTION
(With close fitting shield connected to cathode)

Grid to Plate 0,007 max, puf
Input 3.5 uuf
Output 9.5 uf

AMPLIFIER = RwF or I-F = PEHTODE SECTION

Plate Voltage 100 180 250 250 volts
Screen Voltage 100 75 100 125 volts
Grid Bias -3 -3 -3 -3 volts
Amplification Factor 285 840 800 730

Plate Reslistance 0,3 1 0.8 0.65 megohm
Transconductance 950 840 1000 1125 umhos
Plate Current 5.8 3.4 6 9 ma
Screen Current 1.7 0.9 1.5 2.3 ma
Grid Bias =17 =13 -17 =21 volts

(For Cathode Current Cutoff)
AMPLIFIER = RESISTANCE COUPLED = PENTODE SECTION

Plate Supply Voltage 250 250 260 volts
Screen Voltage 45 50 100 volts
Grid Bias =5 -4,5 =3 volts
Plate Resistor 0.5 0,25 0,027 megohm
Plate Current 0,25 0,65 5.4 ma

DIODE SECTION

The two diode units are independent of each other and of the pentode sece
tion except for the common cathode. The diodes may be used as a half wave
or as a full wave rectifier; or one dlode may be used as a half wave rec-
tifier for detection, and the other diode used as a rectifier to obtain
delayed AVC voltage.

RVERAGE :-’L”gfv CHRRACTERISTICS 68B7  AVERAGE CHARACTERISTICS
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6C5
6C5G RAYTHEON

TRIODE
DETECTOR OR AMPLIFIER
&C5 Heater Type
T8 BR8| § Metal Bulb-6CS Glass Bulb-6C5G
L4708 ~ ’}i, The 6C5 1s a triode type amplifier tube
el s §“‘ designed for service as a detector or
1% _24sc 14 amplifier in storage battery or a-c op-

?? erated receivers,
:}
'O
e RATINGS
& PROIG OCTAL BASE Heater Voltage (a-c or d-c)6.3 volts BOTTOM VIEW OF SOCKET
Heater Current 0,3 amp 6C5G-INT SHIELD
Maximum Plate Voltage 250 volte CONNECTED 0¥ PIN
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate Input Output
6CS5# 1,8 4,0 13 puf
6C6G 2.5 4,5 9.5 wpf
AMPLIFIER - CLASS A
Plate Voltage 250 volts
Grid Blas -8 volts
Amplification Factor 20
Plate Resistance 10000 ohms
OCTAL BASE Transconductance 2000 umhos
< Plate Current 8 ma
[]U_U_[J[] Yo
Y—= | AMPLIFIER - CLASS A - RESISTANCE COUPLED
Plate Supply Voltage 250 volts
Grid Bias (approximate) -5 volts
Plate Resistor 50000 to 10000 ohms
Plate Current 1lto2 ma
voltageAmplification 14
Voltage Output (5% second harmonic)RIS 42 volts
DETECTOR - BIASED TYPE
Plate Voltage 250 volts
Grid Bias (approximate) =17 volts
Plate Current Adjusted to 0,2 ma., with no signal
DETECTOR - GRID LEAK TYPE
Plate Voltage 45 to 100 volts
Grid Return to Cathode
Grid Leak Resistance 0,1 to 1,0 megohm
Grid Condenser 0,00005 to 00,0005 ne
The voltage between heater and cathode should be kept as low as possible
where they are not directly connected.
#With shell connected to cathode.
wInternal shield connected to cathode.
AVERAGE PLATE CHARACTERISTICS 6C5 AVERAGE CHRRACTERISTICS
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6C6 RAYTHEON 6C6

PENTODE
ey v DETECTOR OR ALPLIFIER
1 ileater Type Glass Bulb

The 6C6 is a pentode type amplifier tube
designed for service as a detector or
hlgh frequency amplifier instorage bat-
tery or a-c operated reccivers,

ST 12-C BULB

»
S RrarmGs
e
\ Heater Voltage (a-c or d-c) 6.3 volts
18700 Q\ Heater Curregt 0.3 amp S0TTOM VIEW OF SOCKET
16 MAL R iiaximun Plate Voltage 250 volts
‘e liaximum Screen Voltage 100 volts
DIRECT INTERELECTRODE CAPACITANCES
,‘,j,’,ff{,’g,; Pentode Connection Triode Connectiont
Grid to Plate C,007 max,#* 2,0 uuf
N Input 6.0 3.0 uuf
UU DD_‘O‘N_ Qutput 6.5 10,5 puf

ANPLIFIER - CLASS A

Pentode Connection Triode Connectiont

Plate Voltage 100 250 250 volts
Screen Voltage 100 100 volts
Grid Blas -3 =3 -8 volts
Suppressor Connected to Catnode at Socket

Amplification Factor 1185 1500 min, 20 approx,
Plate Resistance 1 1.5 min, 0,0105 megohm
Transconductance 1185 1225 1900 umhos
Plate Current 2 2 6.5 ma
Screen Current 0.5 0,5 ma
Grid Blas (approximate) -7 -7 volts

(For cathode current cutoff)

DETECTOR - BIASED TYPE

Plate Supnly Voltage 100 100 250 250 volts
Screen Voltage 12 30 50 100 volts
Grid Bias -1,16 -1,83 -1,95 -4,3 volts

Cathode Resistor 18000 10000 3000 10000 ohms
Suppressor Conneoted to Cathode at Socket
Cathode Current (no signal) 0.063 0,183 0,65 0.43 ma
Plate Resistor 1.0 0,25 0.25 0,5 megohm
Blocking Condenser 0,01 0,01 0,03 0,03 uf
Grid Resistor (for following tube) 1,0 0.5 0.25 0.25 megohm
R-F Signal Voltage (RMS) 1,05 1.6 1.18 1,37 volts
Output Peak Voltage 17 17 17 17 volts

(At grid of following tube with signal modulated 20%)

The shield in the dome of the tube 1s connected 1internally to the cathode.
The voltage between heater and cathode should be kept as low as possible
where they are not directly connected.

#With tube shield.
$Grids #2 and #3 connected to plate,
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6C8G

RAYTHEON

TWIN TRIODE
AMPLIFIER
t A Heater Type Glass Bulb
S The 6C8G is a twin triode type amplifi-
sTiz-o8us| X er tube designed for service as voltage
Qg amplifier or phase inverter. The trlode
L) units are independent of each other as
the elements of each triode are brought
§ out to separate terminals,
8 BOTTOM VIEW OF SOCKET
. N RATINGS
B8 PRONG Heater Voltage (a-o or d-0)6.3 volts
SMALL Heater Current . amp
OCTAL BASE Max. Plate Voltage 250 volts
'\
H@U} DIRACT INTERELECTRODE CAPACITANCES
Triode L Triode R
(Triode R to Cathode) (Triode L to Cathode)
Grid to Plate 2,5 . put
Input 3.4 2.5 [TIvs 4
Output 3.5 3.9 upf
Grid to Grid 0.1 uuf
Plate to Plate 1.5 upf
AMPLIFIER - CLASS A - EACH TRIODE
Plate Voltage 250 volts
Grid Blas -4.5 volts
Amplification Factor 38
Plate Resistance 26000 ohms
Transconductance 1450 umhos
Plate Current 3.1 ma
PHASE INVERTER
Plate Supply Voltage 250 250 volts
Grid Blas =3 =3 volta
Plate Current (per plate) 1.7 1 ma
Plate Resistor %per plate) 0.05 0,1 megohm
Grid Resistor (following tubes) 0.1 0.5 megohm
Maximum Output Voltage RMS (G to G) 60 80 volts
900 1500 ohmsa

Cathode Resistor
(common to both triodes)

The voltage between heater and cathode
where they are not directly connected.

should be kept as

low as possible

RYERAGE PLATE CHARACTERISTICS 6C8G ARVERAGE CHARACTERISTICS
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6D6 RAYTHEON 6D6

PENTODE
. RENOTE CUTOFF AMPLIFIER
~ss0k-x Heater Type Glass Bulb

The 6D6 1s a pentode type amplifier tube
ST 12 8UL8 with remote outoff characteristics de-
signed for service as a high frequency

§ amplifier or mixer in storage battery or

H a-c operated receivers, The ratings

'ﬁ“& and electrical characteristicsare 1den-

i {é tical with those of the type 6U7G.
-on ' ¥ BOTTOM VIEW OF SOCKET
¥+ ¢$ RATINGS

Heater Voltage (a-c or d-c) 6,3 volts
Heater Current 0.3 amp
6 PRONG Maximum Plate Voltage 250 volts
SMALL BRSE| liaximum Screen Voltage 100 volts

UU Dﬂ ty,| DIRECT INTERELECTRODE CAPACITANCES
1

- Grid to Plate 0,007max,* puf
Input 5.0 puf
Output 6.5 uuf
ALPLIFIER - CLASS A
Plate Voltage 100 250 volts
Screen Voltage 100 100 volts
Grid Bias -3 - volts
Suprressor Connected to Cathode at Socket
Amplification Factor 1280
Plate Resistance 0,25 0.8 megohm
Transconductance 1500 1600 umhos
Plate Current 8 8.2 ma
Screen Current 2.2 2 ma
Grid Bias for Transconductance = 2 umhos =50 -50 volts
HIXER ~ SUPERHETERODYNE CIRCUIT
Plate Voltage 100 250 volts
Screen Voltage 100 100 volts
Grid Bias -10 <10 volts
Suppressor Connected to Cathode at Socket

The grid bias 1s not critical with an oscillator peak swing 1 volt less than
the grid bias,

The voltage between heater and cathode should be kept as low as possible
where they are not directly connected.

The shield 1in the dome of the tube is connected internally to the cathode.

#With tube shield.

For additional curves refer to the type 6U7G.

RVERAGE PLRTE CHRARACTERISTICS 606 RVERAGE CHARACTERISTICS
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6D8G RAYTHEON

HEPTODE
~{f - PENTAGRID CONVERTER
Heater Type Glass Bulb
ST 12-0 88 The 6D8G 1s a pentagrid type converter
tube designed for service asa combined
oscillator and mixer in storage battery
§ or a-o operated receiversrequiring alow
X heater current tube,
Y ¥ RATINGS
Ll B BOTTOM VIEW OF SOCKET
aﬂ Heater Voltage (a=oc or d-0)6.3 volts
8 Peo ~ Heater Current 0,150 amp
SMALL Max. Plate Voltage 250 volts
OCTRL BRSE Max., Sareen Voltage 100 volts
- Max, Grid #2 Voltage 200 volts
U[BUH e Max, Grid #2 Supply 250t volts
Min, Grid #4 Blas -3 volts
Max., Cathode Current 13 ma
DIRECT INTERELECTRODE CAPACITANCES#
Grid #4 to Plate 0,3 nut
Grid #4 to Grid #2 0.2 put
Grid #4 to Grid #1 0.2 uuf
Grid #1 to Grid #2 1.3 wut
Grid #4 to all other Elements (R~F input) 8.8 uuf
Grid #1 to all other Elements (0Osc. input) 6 wut
Grid #2 to all other Elements (0sec. output) 5 uut
Platse to all other Elements (Mixer output) 11 i 4
FREQUENCY CONVERTER - SUPERHETERODYNE CIRCUIT
Plate Voltage 135 250 volts
Soreen (Grids #3 and #5) Voltage 67.5 100 volts
Anode Grid (#2) Voltage 135 volts
Anode Grid Su? 1{ Voltage 250t volts
Control Grid §4 Bias =3 -3 volts
Oscillator Grid (#1) Resistor 50000 50000 ohms
Plate Resistance 0.4 O, megohm
Conversion Transconductance 325 500 pmhos
Plate Current 1,2 3.3 ma
Screen Current 2 3.2 ma
Anode Grid Current 3.4 4 ma
Oscillator Grid Current 0,45 0.5 ma
Control Grid Blas ~25 «38,5 volts
(For Conversion Transconductance = 10 pmhos)
Grid #1 to Grid #2 Transconductance 1150 1000 umhos

(At O volts bias on Grid

tApplied through a 20000 ohm series resistor,bypassed bya O,1 uf.condenser,

#With tube shield connected to cathode.

RAVERAGE CHARACTERISTICS 6086 AVERAGE CHARACTERISTICS
CONYERTER OPERATION 50 CONVERTER OPERRT/ION
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6ES RAYTHEON

CATHODE RAY TUNING INDICATOR
lleater Type Glass Bulb

tube designed for service as a tuning

E indicator in radio receivers,
RATINGS
BOTTOM VIEW OF SOCKET
Heater Voltage (a-c or d-c) 6.3 volts
Ileater Current 0,3 amp
iiaximum Plate Supply Voltage 250 volts

ximum Target Voltage 250 volts
Animum Target Voltage 90 volts

TUNING INDICATOR

Plate Supply Voltage 100 200 250 volts
Target Voltage 100 200 250 volts
Plate Resistor 0.5 1 1 megohm
Target Current (approx.) 4,5 4,5 4,5 ma
Plate Current (zero bias) 0,19 0,19 0,24 ma
Grid Bias (approx,) -3.,3 =6,5 -8 volts
(For shadow angle = 0°)
Grid Bias (approx,) 0o o 0 volts

(For shadow angle =90°)

The 6ES5 1s a high vacuum tube designed to visually indicate the effect of
changing the control grid bias, The shaded Battern produced on the fluore-
scent target varies through an angle from 90 to approximately 0° as the
control voltage is varied. The voltage on the shadow control electrode,the
extension of the triode plate between the cathode and target, controls the
extent of the shaded area, The voltage of the shadow control electrode 1s
determined by the voltage of the control grid of the triode connected as a
d-0 amplifier, Thus the control grid voltage determines the extent of the
shadow. An increase of control grid blas thus inoreases the shadow control
voltage and decreases the shadow while a decrease of blas increases the
shkadowv. In practical use the control grid voltage is obtained from a sult-
able point in the AVC network,

RVERAGE CHARACTERISTICS 6E5 RAVERAGE CHARACTERISTICS
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6E6

ST18 BULE

CleCLE
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%

MAX.

RAYTHEON

TWIN TRIODE
I POWER AMPLIFIER
Heater Type Glass Bulb

The 6E61s a twin triode type power am-
plifier tube designed for service as
>~ a Class A push-pull amplifier 1in the
output stage of storage batteryor a-o
operated receivers.

6

RATINGS

Heater Voltage (a-c or d-c)

6.3
= Heater Current 0.6
UUUUU :’E Maximum Plate Voltage 250

AMPLIFIER - CLASS A - EACH TRIODE

Plate Voltage 180 250
Grid Blas =20 -27.5
Amplification Factor 6 6
Plate Resistance 4300 3500
Transconductance 1400 1700
Plate Current 11.5 18

AMPLIFIER - CLASS A - PUSH-PULL

Plate Voltage 180 250
Grid Blas =20 -27.5
Plate Current (per plate) 11,5 18
Load Resistance (plate to plate) 15000 14000
Power Output 0,75 1.6

BOTTOM YIEW OF SOCKET

volts

amp
volts

volts
volts

ohms
pmhos

volts
volts
ma
ohms
watts

—

AVERAGE PLATE CHARACTERISTICS 6E6 RYERRGE CHARACTERISTICS
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RAYTHEON

TRIODE
AMPLIFIER
Heater Type
Metal Bulb-6FS Glass Bulb-6F5G

The 6F5 1s a triode type amplifier tube
designed for service as a resistance
ocoupled audio frequency amplifier in
storage battery or a-c operated receiv-

ers. BOTTUM VIEW OF SOCKET
RATINGS 6F5G- N0 CONNECTION
TO#/PIN
Heater Voltage (a-c or d=-o) 643 volts
~f o Heater Current 0.3 amp
- Maximum Plate Voltage 250 volts
5F5G DIRECT INTERELECTRODE CAPACITANCES
Toms ) 6rid to Plate Input  Output
¥  6F5# 2,0 6 12 uuf
.S  6F5G 2.0 2,5 3.5 puf
uik‘ AMPLIFIER - CLASS A
op
/im ~§ Plate Voltage 250 volts
W Grid Biast -2 volts
mm ~ Amplification Factor 100
s Plate Resistance 66000 ohms
xngm Transconductance 1500 pmhos
Plate Current 0,9 ma

UWUJ AMPLIFIER - CTLASS A - RESISTANCE COUPLED

Plate Supply Voltage 250 250 volta
Grid Blas -1.3 -1.3 volts
Plate Resistor 0.25 to 1,0 0.25 to 1.0 megohm
Grid Resistoryi 0.25 0.5 megohm
Plate Current 0,2 to 0,4 0,2 to 0.4 ma
Voltage Output (RMS) I 11 to 20 14,5 to 25,5 volts
(5% second harmonic)
Voltage Amplification 52 to 56 51 to 60

The voltage between heater and cathode should be kept as low as possible
where they are not direotly connected,

#With shell connected to cathode
'he d-c¢ resistance in the grid circuit should not exceed 1 megohm,
For following tube

AVERAGE PLATE CHARACTERISTICS 6F5 RYERRGE CHARRCTERISTICS
Epm63Y 6F5G £r=6.3"
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RAYTHEON

PENTODE
POWER AMPLIFIER
Heater Type
Metal Bulb=-6F6 Glass Bulb-6F6G

The 6F6 1s a pentode type power ampli-
fier tube designed for servicein the
output stage of storage battery or a-o
operated receivers, The ratings and
eleotriocal characteristics are i1denti-
oal with those of the type 42,

RATINGS
Heater Voltage (a-c or d-¢)6.3 volts

BOTTOM VIEW OF SOCKET
6F6G-NO CONNECTION
To#1PIN

Heater Current 0,7 amp
Maximum Plate Voltage 315 volts
Maximum Soreen Voltage 315 volts
6F6G
ST14 BB AMPLIFTER ~ CLASS A
Pentode Connection Triode Connectlont
Plate Voltage 250 315 250 max, volts
3 Screen Voltage 250 315 volts
¥ Grid Blas -16,5  -22 ~20 volts
o '3 Amplification Factor 200% 200} 7
Vi ¥ Plate Resistance 80000 750001 2600 ohms
3 Transconduotance 2500 2650 2700 umhos
e Plate Current 34 42 31 ma
Screen Current 6.5 8 ma
7 PRONG Load Resistance 7000 7000 4000 ohms
MEPIUM Total Harmonic Dist. 7 7 5 peroent
OCTAL BRSE Power Output 3 5 0,85 "~ watts
=
U@D ™lej AMPLIFIER - CLASS AB - TWO TUBES
p— Pentode Connection Triode Conneotiont

Fixed-Blas Self-Blas Fixed-Blas Self-Bias
Plate Voltage 375 max, 375 max, 350 max, 350 max, volts
Screen Voltage 250 max, 250 max, volts
Grid Bias =26 min, -38 volts
Self-Blas Resistor 340 min, 730 min, ohms
Signal Pk.Volt.(G to G) 82 94 123 132 volts
No-Signal Plate Current 34 54 45 50 ma
No-Signal Screen Current § 8 ma
Load Resistance(P to P) 10000 10000 6000 10000 ohma
Total Harmonic Dist, 5 7 percent
Power Output (approx.)# 19# 194 182 149 watts

#With one 6F6 or 6F6G triode connected as driver

operated at plate voltage

of 250 volts, grid bias of =20 volts and plate load of approximately 10000

ohms,
#Input transformer ratlo, primary to 1/2 secondary = 3,32
AInput transformer ratio, primary to 1/2 secondary = 2,5
##Input transformer ratlo, primary to 1/2 secondary = 1,67
¥Input transformer ratio, primary to 1/2 secondary = 1.29
tScreen connected to plate.
IApproximate
For additional ourves refer to the type 42,
RYERAGE PLATE CHARACTERISTICS 42 AVERAGE CHRRACTERISTICS
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6F7 RAYTHEON

TRIODE-PENTODE
2 AMPLIFIER OR CONVERTER
e Heater Type Glass Bulb
The 6F7 1s a duplex tube, combining in
STizo8us one bulb a triode and a remote cutoff

pentode, designed for service as an os-

Q‘ oclllator and mixeror as a high frequen-

X oy amplifier and second deteator, in

™y storage battery or a-o operated receiv-

Y ers, The ratings and eleoctrical char-

§ acteristios are identical with those of
the type 6P7G.

W
RATINGS
7 PRONG Heater Voltage (a-c or d-o) 6,3 volts
SMRLL BRSE Heater Current 0.3 amp
T DIRECT INTERELECTRODE CAPACITANCES
oy Grid to Plate Input Output
19 Triode Section ## 2,0 2.5 3.0 nuf
Pentode Seotion #* 0,008 max,# 3.2 12 puf
AMPLIFIER - CLASS A
Triode Section Pentode Seotion
Plate Voltage 100 max, 100 250 max, volts
Soreen Voltage 100 100 max, volts
Grid Bias -3 -3 =3 min, volts
Amplification Faotor 8 300 800
Plate Resistance 0,016 0,29 0,85 megohm
Transoonductance 500 1050 1100 wmhos
Plate Current 3.5 6,3 6,5 ma
Soreen Current 1.6 1,6 ma
Tranacondustance (at =35 volts blas) 9 10 umhos
FREQUENCY CONVERTER
Triode Section Pentode Section
Maximum Plate Voltage 100 260 volts
Maximum Soreen Voltage 100 volts
Minimum Grid Bias t -3 # volts
Maximm Oscillator Plate Current(average) 4 ma
Typiocal Operation:
Plate Voltage 100% 250 volts
SereenVoltage 100 volts
Grid Blas 1t =10 A volts
Plate Resistance 2 megohm
Converaion Transconductance 300 pmhos
Plate Curremnt 2.4 2,8 ma
Grid Current 0,15 [¢] ma
Soreen Current 0,6 me
Oscillator Peak Voltage Input 7 volts

The voltage between heater and ocathode should be kept as low as possible
where they are not direotly connected,

#With tube shield. :#Other seotion connected to ground.

4Usually obtained by means of a grid leak.

#arid blas should be at least 3 volts greater than the peak oscillator volt-
age applied to tne pentode grid,

iMay be obteined from 260 volt supply through 60000 ohm series resistor.
AObtained by means of 1700 ohm cathode resistor,

For additional curves refer to the type 6P7G.

-

RYERAGE PLATE CHARACTERISTICS 6FT7  AVERAGE PLATE CHARACTERISTICS
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6F8G RAYTHEON

TWIN TRIODE

ANPLIFIER
= Heater Type Glass Bulb
>
st120 § The 6F8G is a twin triode type amplifi-
/208UB| =S| er tube designed for service as a volt-
% age amplifier, The ratings and elec=
trical charaoteristics of each triode
» unit are identical with those of the
X type 635G, The triode units are inde-
o0 3 pendent of each other as the elements of
18 Neach triode are brought out to separate BOTTOM VIEW OF SOCKET
terminals,
8 PRONG
SMALL
0CTAL BASE RATINGS
U U e Heater Voltage (a-c or d-o) 6.3 volts
¢ Ileater Current 0.6 amp
llaximum Plate Voltage 250 volts
DIRECT I:TERELECTRODE CAPACITANCES
TRIODE L TRIODE R
(Triode R to Ground)(Triode L to Ground)
Grid to Plate 4,5 4,16 wut
Input 3.3 3.0 upf
Output 1.5 2,0 [TITh
Grid to Grid 0.13 puf
Plate to Plate 1.2 uuf
Grid R to Plate L 0.2 uuf
AlIPLIFIER -CLASS A - EACH TRIODE
Plate Voltage 250 volts
Grid Bias -8 volts
Amplifiocation Factor 20
Platc Resistance (approximate) 7700 ohms
Transconductance (approximate) 2600 umhos
Plate Current 9 ma

The voltage vbetween heater and cathode should be kept as low as possible
wherc they are not directly connected.

AVERAGE PLATE CHARACTERISTICS 6F86 AVERRGE CHARACTERISTICS
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6G5-6H5 RAYTHEON 6G5-6H5S

CATHODE RAY TUNING INDICATOR
Heater Type Glass Bulb

The 6G5/615 1s a high vacuum type indi-
cator tube with remote cutoff character-
i1stios designed for service asa tuning
indicator in radio receivers, The ra-
tings and electrical characteristics are
identical with those of the type 6US.

& PRONG RATINGS BOTTOM VIEW OF SOCKET
SMALL BASE|
Heater Voltage (a-c or d-o) 6.3 vol.ts
I Heater Current 0.3 amp
‘g liaximum Plate Supply Voltage 250 violts
liaximum Target Voltage 250 volts
lilnimum Target Voltage 90 wolts
TUNING INDICATOR
Plate Supply Voltage 100 200 250 volts
Target Voltage 100 200 250 volts
Plate Resistor 0.5 1 1 megohm
Target Current (approximate) 4,5 4,5 4,5 ma
Plate Current (zero bias) 0,19 0,19 0.24 ma
Grid Bilas (approximate) -8 -18,5 -22 volts
(For shadow angle = 0°©)
Grid Blas (approximateg o [ o volts
(For shadow angle =90°)

The 665/6H5 18 a high vacuum tube designed to visually indicate the effect
of changing the control grid bias, The shaded pattern produced on the flu-
orescent target varies through an angle from 90~ to approximately 0° asg the
control voltage 1s varied, The voltage on the shadow control electrode,the
extension of the triode plate between the cathode and target, controls the
extent of the shaded area, The voltage of the shadow control electrode is
determined by the voltage of the control grid of the trlode connected as a
d-c amplifier, Thus the control grid voltage determines the extent of the
shadow, An increase of control grid bias thus increases thc shadow control
voltage and decreases the shadow while a decrease of blas increases the
shadow, In practical use the control grid voltage is obtained from a sult-
able point in the AVC network.

AVERAGE CHARRCTERISTICS 6G5/6H5 AVERAGE CHARACTERISTICS
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6G6G RAYTHEON

PENTODE
POWER AMPLIFIER
Heater Type Glass Bulb

The 636G 1s a pentode type power ampli-
57120 88 fier tube designed for service in the
output stage of receivers where maximm
overall efficiency is required,

%

3

o
g s RATINUS BOTTOM VIEW OF SOCKET
N Heater Voltage (a-e¢ or d-o) 6.3 volts
e Heater Current 0,15 amp
7 PRONG Maximum Plate Voltage 180 volts
x%ﬂ#sr Maximum Soreen Voltage 180 volts

U@H_l‘_ AMPLIFTER - CLASS A

Plate Voltage 136 180 volte
Soreen Voltage 135 180 volta
Grid Blas -6 -9 # volts
Self-Blas Resistor 440 510 ohms
Amplification Faotor 3680 400

Plate Resistanoe 0,170 0,176 megohm
Transconductance 2100 2300 umhos
Plate Current 11,56 15 ma
Soreen Current 2 2,6 ma
Load Resistance 12000 10000 ohms
Total Harmonio Distortion 7.5 10 peroent
Power Output 0,6 1.1 watte

The voltage between heater and oathode should be kept as low as poassible
where they are not directly oonnected,

# Transformer or impedance input aystems are recommended, If resistance
ooupling 1s used the d-o resistance in the grid ocircuit should not exceed
0,5 megohm with self-bias, With fixed-bias the d-o grid cirouit resistance
should not exceed 0.5 megohm under the 135 volt operating conditions or 0,086
megohm under the 180 volt oconditions,

AVERAGE PLATE CHRRACTERISTICS 6666 RVERRGE CHARRCTERISTICS
£r=63Y  Egq=180" AMPLIFIER-CLASS A
£,=63" £,=180" Eggn 180"
Eyig = 6.3V RMS
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6H6
6HEG RAYTHEON

TWIN DIODE
6H6 DETECTOR
*on Heater Type
/773 Metal Bulb-6H6 Glass Bulb-6H6G

:}?“Q The 6H6 1s a twin dlode tube designed
Ne for service as a diode detector and AVC
—L rectifier or as a low current rectifier

7 AROMG OCTRL BASE in storage battery or a-c operated re-
celvers,
BOTTOM VIEW OF SOCKET
6H66G- INT SHIELD
RATINGS CONNECTEDTO#1 PIN
Heater Voltage (a-c or d-¢) 6,3 volts
Heater Current 0.3 amp
liaximum A-C Voltage per Plate (RMS) 100 volts
Maximum D-C Output Current 4 ma
18
DIRECT INTERELECTRODE CAPACITANCES
[ieirnd Plate to Plate Plate to Cathode
OCTRL BASE 6H6%* 0,02 max, 1.2 upf
6HEG## 0.4 1.5 puf
IS

The voltage between heater and ocathode should be kept aas low as possible
where they are riot directly connected.

#With shell connected to cathodse.
##With internal shield connected to cathode,

RAYTHEON ENGINEERING SERVICE



RAYTHEON

TRIODE
AMPLIFIER
Heater Type
etal Bulb-6J5 Glass Bulb~6J5G

The 6J5 1s a triode type amplifier tube
desizned for servioce in storage battery
or a-c operated recelvers.

RATINGS BOTTOM VIEW 0F SOCKET

Heater Voltage(a-c or d-c)6,3 volts %.aG/-,I!I%COfI/IECTIOH

lleater Current 0,3 amp
Maximum Flate Voltage 250 volts
6J5G
ST 12-08uL8
DIRECT INTERELECTRODE CAPACITANCES
;i Grid to Plate Input Output
X
. ™ 6J5 3.4 3.4 3.6 uuf
/,60,3:: ™ 6J5G 3.4 3.8 3.3 upf
6 PRONG AMPLIFIER =~ CLASS A
SMALL
OCTAL BASE Plate Voltage 250 volts
u@u QQ Grid Bias -8 volts
1 Amplifiocation Factor 20
—1 Plate Resistance 7700 ohms
Transconductance 2600 pmhos
?late Current 9 ma

Tle voltage between heater and cathode should be kept as low as possible
where they are not directly connected,

RAVERAGE PLATE CHRRACTERISTICS &/5 AVERAGE CHARACTERISTICS |
Y ¥ 4 6J5G Ep=8.9"
£p=250"
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RAYTHEON

PENTOLE
DETECTOR OR AMPLIFIER
Heater Type
Metal Bulb=6J7 Glass Bulb=-6J7G

The 6J71s a pentode type amplifier tube
designed for service as a detector or
high frequency amplifier in storage bat-
tery or a=-c operated receivers,

RATINGS
Heater Voltage 6,3 volts
Heater Current 0.3 amp GJ7G BASING SAME RS
lax, Plate Voltage 250 volts 6J7EXCEPT SHIELD
liax. Screen Voltage 125 volts CAGECONNTOPIN#/
BOTTOM VIEW OF SOCKET
hef Loalecd DIRECT INTERELECTRODE CAPACITANCES
» GRID TO PLATE INPUT OUTPUT
P ‘i * 6J7 0,005 max. 7 12 uuf
ST 12-08U8 fm ##6J7G 0,005 max, 4,5 12 upf
7| AMPLIFIER - CLASS A
Plate Voltage 100 250 volts
§ Screen Voltage 100 100 volts
3 Grid Bias -3 -3 volts
,8'08 Suppressor Connected to Cathode at Socket
% MRX. ~+ Amplification Factor 1185 1500 min.
Plate Resistance 1 1,5 min. megohms
7 PRONG Transconductance 1185 1225 umhos
SMALL Plate Current 2 2 ma
OCTAL BASE Screen Current 0.5 0.5 ma
L:g Grid Bias =7 =7 approx, volts
UMU_l (For Cathode Current Cutoff)
DETECTOR « GRID BIASED TYPE
Plate Supply Voltage 250 250 250 250 volts
Screen Voltage 50 33 100 100 volts
Grid Blas -2 -1,7 =3.9 -4.3 volts
Cathode Resistor 3000 8000 4000 10000 ohms
Suppressor Connected to Cathode at Socket
Cathode Current (No Signal) 0.65 0,21 0,97 0.43 ma
Plate Resistor 0,25 0.5 0.25 0.5 megohm
Blocking Condenser 0,03 0,03 0,03 0,03 uf
Grid Resistor(For Following Tube) 0,25 0.25 0.256 0.25 megohm
R-F Signal Voltage (RIS 1.18 1.21 1.38 1,37 volts
Output Peak Voltage 1 volts

17 17 17
(At grid of following tube with signal modulated 20%)

“hen a resistor 1s used in the grid circuit, its value should not exceed
1 megohm,

The voltage Dbetween heater and cathode should be kept as low as possible
where they are not direotly connected,

# With shell conncetcd to cathode
##ith tube shield and internal shield connected to cathode,

RAVERAGE PLATE CHRRACTERISTICS 6J7 RVERAGE CI'IMHC TERISTICS
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6J8G RAYTHEON

TRIODE HEPTODE
FREQUENCY CONVERTER
Heater Type Glass Bulb

The 6J8G 18 a duplex tube containing a
triode unit and a heptode unit, having a
common cathode,in the same envelope, The
grid of the triode unit is connected in-
ternally to the injector gridof the hep-
tode unit, It is designed for converter
service in circuits similar to those em-
ploying a separate triode oscillator and BOTTOM VIEW OF SOCKET
pentagrid mixer,

MRAX.

QL
Je

MAX

389
J2

RATINGS

- Heater Voltage (a-¢ or d-c) 643 volts
Heater Current 0,3 amp
Maximum Plate Voltage (Heptode) 250 volts
Maximum Screen Voltage (Heptode) 100 volts
Maximum Plate Supply Voltage (Triode) 2504 volts

FREQUENCY CONVERTER

Mixer Plate Voltage (Heptode) 250 volts
Mixer Screen Voltage (lleptode) 100 volts
Mixer Control Grid Blas Hsptode; -3 volts
Oscillator Plate Voltage (Triode 2503 volts
0scillator Grid Resistor (Triode) 50000 ohms
Mixer Plate Current (leptode) 1.2 ma
Mixer Soreen Current (Heptode) 2,8 ma
Oscillator Plate Current (Triode) 5,0 ma
Oscillator Grid Current (Triode) 0.4 ma
Mixer Plate Resistance (Heptode) (approx.) 4 megohm
Conversion Transconductance 290 umhos
Conversion Transconductance 2 pmhos

(At mixer control grid blas = -20 volts)

# Applied through a 20000 ohm series resistor by-passed by a 0,1 uf ocon=
denser,

AVERAGE CHARACTERISTICS 6486 AVERAGE CHARACTERISTICS
Epe68Y Ey[MIXER)=250" Fgq= (00" CONVERTER OPERATION
£p(055) =250 THRY 20000~ E;=63Y Ep(MIXER)=250" Eyq=100"
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6K5G RAYTHEON

TRIODE
AMPLIFIER
e Heater Type Glass Bulb
72088 The 6K5G 13 a triode type amplifier tube
»x designed for service as a resistance
§ ooupled audio frequency amplifier 4in
BW! storage battery or a-o¢ operated receive
P ers,
Ao
i
T | RATINGS
7 PRONG
x,’ﬂ",‘:_w Heater Voltage (a=o or d-o) . volts
Heater Current 0,3 amp
Hwﬂﬂ He Maximum Plate Voltage 250 volts
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 2.0 111k
Input 2.4 puf
Output 3.6 1115 o
AMPLIFIER - CLASS A
Plate Voltagce 100 250 volts
Grid Blas =1l.5 =3 volts
Amplification Factor (approximate) 70 70
Plate Resistance (approximate ) 78000 50000 ohma
Transconductance 900 1400 umhos
Plate Current 0,35 1.1 ma
The voltage between heater and ocathode should be kept as low as possible
where they are not directly connected,
6K5G
RVERRGE PLATE CHARACTERISTICS AVERAGE CHRRACTERISTICS
=637 Ep-6.3Y
24 24
22 22
20 / 20
o |/
18 H / 8
“‘ £
i g
26 b f 16 ,
] a‘ / ) & A
L »
$ p §
el / N NI
S «
i [IViRANAN 1] i
~
L0 % / ] / f N 14 § I
s |y I
N R
5/ 11/ JU /L LT
& P, as &
3 1/ SHNAIINN|
» 1/ {L |/ ‘7/ ot
N
ANAY.0Vi A A,
i 4 4 7 r | /
0 1 A 0 Z A *q
awmmmmmmmwmmmq-o-;-c-:-z/)g
PLATE VOLTAGE-VOLTS 6RID BIRS-VOLTS

RAYTHEON ENGINEERING SERVICE



6K6G RAYTHEON

PENTODE
¥ POWER AMPLIFIER
Heater Type Glass Bulb
ST 12-D BuULB
3
X The 6K6G 1s a pentode type power ampli-
I~y fier tube designed for service in the
. l&‘“‘ output stage of storage battery or a-oc
’f%x R operated receivers, The ratings and
i ‘°,¢$ eleotrical characteristiosare identical
with those of the type 41.
7 peong BOTTOM VIEW OF SOCKET
TAL BASE RATINGS
E
U%U F Heater Voltage (a-c or d-c) 643 volts
— Heater Current 0,4 amp
laximum Plate Voltage 250 volts
ilaximum Screen Voltage 250 volts

ALPLIFIER - CLASS A

Plate Voltage 100 135 180 250 volts
Screen Voltage 100 135 180 250 volts
Grid Blas =7 -10 -13.5 -18 t volts
Amplification Factor (approx,) 150 150 150 150

Plate Resistance (approx,) 103500 94000 81000 68000 ohms
Transconductance 1450 1600 1850 2200 umhos
Plate Current 9 12.5 18.5 32 ma
Screen Current 1.6 2,2 3 5,5 ma
Load Resistance 12000 10400 9000 7600 ohms
Total Harmonic Distortion 10 0 10 10 percent
Power Output 0.33 0.75 1.5 3,4 watts

Transformer or impedance input coupling devices are recommended. If resis-
tance coupling 1s vsed, the d-c resistance in the grid circuit should not
exceed 1 megohm with self-bias, or 0,1 megohm with fixed-blas,

The voltage between heater and cathode should be kept as low as possible
where they are not directly connected.

tA bias of -16.5 volts and a load resistance of 7000 ohms will give power
output of 3.2 watts with 7% total harmonic distortion,

RAYERRGE PLATE CHARACTERISTICS RVERAGE CHRARACTERISTICS
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T.5 £s9=250 6K6G Ep=6.3Y  SIGNAL ADJUSTED TO
< £p=250" Ig~iua
£ / Engm250"
» Eg=-18Y
. '_f a5 E ﬁ}' ouTPY
13
A 20y @
:: VA uéwQ e *
4 10" / Q7 K
. l 4 T uE w\"’\@N r_|gp¥
N —
A ! =
w0, Ly la-15Y 3
"‘§ "/ L T =22 u:
F @
3 208
oo Ty = 3
2‘5 [// =1 1 3
Wy
2 == 25" 5 RENT 12 §
" I / g g€ pD <
—30 L) — s 8
0 4 S "é L,
f,——“‘ =35V ,g h\\J”’, Ah/”’/ 4
F A T 1 NS LA
N 3
® o w & =0 0 20 20 20 m0 0 @0 40 @’ : ¢ 6 8 n N\
PLATE VOLTRGE - VOLTS LORD RESISTANCE -KILONMS,

RAYTHEON ENGINEERING SERVICE



“Afra
6x76
ST 12-pBUB
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7 PRONG
SMALL
OCTRL BASE

U

Plate Voltage
Screen Voltage
Grid Blast
Suppressor

,G-L———ag

RAYTHEON

PENTODE
REMOTE CUTOFF ANPLIFIER
Heater Type
lletal Bulb-6K7 Glass Bulb-6K7G

The 6K7 1s a pentode type amplifier tube
with remote cutoff characteristics de-
signed for service as a high frequency
amplifier or mixer in storage battery or
a-c operated receivers, The ratings and
electrical characteristics are identi-
cal with those of the type 78.

BOTTOM VIEW 0F SOCKET
6K7G- NO CONNECTION

RATINGS T0 #1 PIN
Heater Voltage (a-c or d-¢) 6.3 volts
Heater Current 0.3 amp
laximum Plate Voltage 250 volts
Maximum Screen Voltage 125 volts
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate Input Output
6K7# 0,005 max, 7 12 uuf
6KTGH#3# 0.005 max, 4,5 12 puf
AMPLIFIER - CLASS A
Plate Voltage 90 180 250 250 volts
Screen Voltage g0 75 100 125 volts
Grid Bias =3 -3 -3 -3 min,volts
Suppressor Connected to Cathode at Sooket
Amplification Factor 400 1100 1160 990
Plate Resistance 0,315 1,0 0.8 0,6 megohm
Transconductance 1275 1100 1450 1650 umhos
Plate Current 5.4 4 7 10,5 ma
Screen Current 1.3 1 1.7 2,6 ma
Grid Blas ~38.5 -32.5 =-42.5 -52,.5 volts
(For Transconductance = 2 pmhos)
MIXER = SUPERHETERODYNE CIRCUIT
250 volts
100 volts
=10 volts

Connected to Cathode at Socket

The voltage between heater and cathode should be kept

as low as possible

where they are not directly conneoted,

The internal shield in the 6K7G 1s connected to the cathode within the tube.

# With shell connected to cathode,

##With tube shield connected to ocathode.

t The grid bias 1s not oritical with an oscillator peak voltage 1 volt less
than the grid blas,

For additional curves refer to the type 78.

AVERAGE PLATE CHRRACTERISTICS 78 RVERAGE CHARACTERISTICS
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6L5G RAYTHEON
TRIODE
DETECTOR OR AMPLIFIER
Heater Type Glass Bulb
ST 12-0 8UL8
x
§ The 6LS5SG 1s a triode type amplifier tube
‘\"h designed for service as a detector or am-
. %% plifier in storage battery or a-o oper-
go, S | ated receivers requiring a 1low heater
;1Q ourrent tube,
s | BOTTOM VIEW OF SOCKET
SMALL RATINGS
OCTAL BASE
U e Heater Voltage (a-c or d-c) 3 volts
N Heatpr Current 0,15 amp
—_— Maximum Plate Voltage 250 volts
DIRECT INTERELECTRODE CAPACITANCES#*
Grid to Plate 2.7 upf
Input 3 wuf
Output 5 puuf
AMPLIFIER -~ CLASS A
Plate Voltage 135 250 volts
Grid Blas -5 -9 volts
Amplification Factor 7 17
Plate Reslstance 11300 8900 ohms
Transconductance 1500 1900 umhos
Plate Current 3,5 8 me
Grid Blas for Plate Current Cutoff -11 -20 volta

The voltage between heater

and cathode should be kept

connected,

as low as possible

where they are not directly

#With tube shield connected to cathode,

RVERPAGE PLATE CHRRACTERISTICS 6L5G6 RVERRGE CHARACTERISTICS
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6L6
6L6G RAYTHEON
TETRODE

POWER AMPLIFIER
2 Heater Type
Metal Bulb-6L6 Glass Bulb=-6L6G

MTIOR BULE b3
The 6L6 1s a tetrode type power amplifi-

h
:Q er tube designed for service in the out-
5 oa ¥ put stage of storage battery or a-c op-
[~ /s amar. Rt erated receivers,
Y BOTTOM VIEWOF SOCKET
. RATINGS 6L6G - NO CONNECTION
M-/ Sae T0 %1 PIN
Heater Voltage (a-c or d-o)# 6.3 volts
Heater Current 0.9 amp
- Max. Plate Voltage 400 volta
‘*‘l Max, Soreen Voltage 300 volts
| Max., Plate & Soreen Dissipation (total)t 24 watts
T FIPOWG OCTRL BASE Max, Soreen Dissipation 3.5 watts
AMPLIFIER - CLASS A - FIXED BIAS
Plate Voltage 250 300 375 375 max, volts
Screen Voltage 250 200 125 250 max, volts
Grid Bias -1l4 -12,5-9 -17.5 volts
Signal Peak Voltage 14 12,5 8 17.5 volts
ST 16 8ULs Amplification Factor 135
Plate Resistance 22500 ohms
Transconductance 6000 umhos
No-Sig.Plate Current 72 48 24 57 ma
Max,Sig., Plate Current 79 56 26 67 ma
No.Sig. Screen Current 5 2,5 0,7 2,5 ma
Max,-Sig, Screen Current 7.3 4,7 2 6 ma
Load Resistance 2500 4500 14000 4000 ohms
Total Harmonics 10 11 9 14,5 percent
Second Harmonio 9.7 10,7 8 11.5 percent
Third Harmonio 2.5 2.5 4 4,2 percent
Power Output 6.5 6.5 4.2 11.5 watts
LIPIUA!
TAL BASE AMPLIFIER - CLASS A - SELF=-BIAS
U U e Plate Voltage 3748 300 250 volts
UL] JE Soreen Voltage 125 200 250 volts
——— - Self-Blas Resistor 365 220 170 ohms
Signal Peak Voltage 8.5 12,5 14 volts
No-Sig. Plate Current 24 51 75 ma
Max,-Sig. Plate Current 24,3 54,5 8 ma
No-Sig. Plate Current 0.7 3 5.4 ma
Max,-Sig, Screen Current 1.8 4.6 7.2 ma
Load Resistanoce 14000 4500 2500 ohms
Total Harmonics 9 11 10 percent
Second liarmonic 8 10.7 9.7 peroent
Third Harmonioc 4 2.5 2,5 percent
Power Output 4 6,5 6,5 watts
Continued on next page
RVERAGE PLATE CHARACTERISTICS 6L6 AVERAGE CHARACTERISTICS
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6L6 6L6
6L6G RAYTHEON 6L6G

AMPLIFIER -~ OLASS A - PUSH-PULL - TWO TUBES
Fixed-Bilas Self-Blas
250 250

Plate Voltage 375 max, volts
Soreen Voltage 250 max, 250 250 volts
Grid Blas -16 volts
Self-Blas Resistor 125 ohms
Signal Peak Voltage (grid to grid) 32 3546 volts
No-Signal Plate Current 120 120 ma
Max,~Signal Plate Current 140 130 ma
No-Signal Screen Current 10 10 ma
Max,-Signal Screen Current 16 15 ma
Load Resistance (plate to plate) 5000 5000 ohms
Total Harmonics 2 2 peroent
Third Harmonic 2 2 percent
Power Output 14,5 13,8 watts
AMPLIFIER - CLASS AB) - PUSH~-PULL - TWO TUBES
Fixed-Blas Self-Blas
Plate Voltage 400 400 400 400 400 400 volts
Soreen Voltage 250 250 300 300 250 300 volts
Grid Bilas -20 =20 -25 =25 volts
Self-Bilas Resistor 190 200 ohms
Signal Peak Voltage (g to g) 40 40 50 50 43,8 57 volts
No-Signal Plate Current 88 88 102 102 96 112 ma
Max.-Signal Plate Current 124 126 152 156 110 128 ma
No-Signal Screen Current 4 4 6 6 4,6 7 ma
Max,~-Signal Screen Current 12 9 i/ 12 10,8 16 ma
Load Resistance (p to p) 8500 6000 6600 3800 8500 6600 ohms
Total Harmonics 2 1 0.6 2 2 percent
Third Harmonic 2 1 2 0.6 2 2 percent
Power Output 26,5 20 34 23 24 32 watts
AMPLIFIER =~ CLASS ABp - PUSH-PULL - TWO TUBES
Fixed-Bias Fixed-Bias

Plate Voltage 400 400 volts
Screen Voltage 250 300 volts
Grid Bias =20 -25 volts
Signal Peak Voltage (grid to grid) 57 80 volts
No-Signal Plate Current 88 102 ma
Max,=-Signal Screen Current 168 230 ma
No-Signal Screen Current 4 6 ma
Max,-Signal Screen Current 13 20 ma
Load Resistance (plate to plate) 6000 3800 ohms
Peak Driving Power 180 350 mw
Total Harmonics% 2 2 percent
Third Harmonic 2 2 percent
Power Output 40 60 watts
#Under maximum dissipation conditions the heater voltage should never

fluctuate so that it exceeds 7,0 volts. The voltage between heater and

cathode should be kept as low as possible,

1The rated dissipation should not be exceeded with expected 1line voltage
fluotuations, especially in fixed-bilas operation, Fixed-blas values up to
10% of each typical soreen voltage can be used without increasing distortion,

iWwith 1deal driver and perfect power supply regulation.
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RAYTHEON

HEPTODE
PENTAGRID MIXER or AMPLIFIER
Heater Type
Metal Bulb-6L7 Glass Bulb-6L7G

The 6L7 1s a pentagrid type tube design-
ed for service as a mixer in storage
battery or a-c operated superheterodyne
recelvers using a separate oscillatorn

RATINGS
Heater Voltage 6.3 volts
Heater Current 0.3 amp 6L7G SAME RS6LTEXCEPT
Max. Plate Voltage 250 volts NOCONN.TO PIn#!
TAROPGOTALBRSE b1 RRECT INTERELECTRODE CAPACITANCES BOTTOM VIEW OF SOCKET
6L7:¢ 6L7G**
‘*1’1”” Grid #1 to Plate 0.0005 0,003 max. f
Grid #1 to Grid #3 0.12 0.15 uuf
Grid #3 to Plate 0,025 0.25 npf
617G Grid #1 to all other Elements 8.5 5.8 naf
stizosus| % Grid #3 to all other Elements 11,5 11.5 uuf
R 3 Plate to all other Elements 12,5 9 puf
gﬂ AMPLIFIER - CLASS A
b3 Plate Voltage 250 volts
.§ Screen (Grids #2 & #4) Voltage 100 max. volts
gon | oy Control Grid (#1) Blas =3 min. volts
— s mac [T Control Grid (#3) Bias =3 volts
Amplification Factor 880
7 peona Plate Resistance 0.8 megohm
SMALL Transconductance 1100 umhos
OCTAL BASE Plate Current 5.3 ma
v Screen Current 6.5 ma
U@‘UU rre Transconductance 5 umhos
~ ' 1 (Grid #1 Blas = _15 volts; Grid #3 Blas = -15 volts)
MIXER - SUPERHETERODYNE CIRCUIT
Plate Voltage 250 250 volts
Screen (Grids #2 & #4) Voltage 100 150 max. volts
Signal Grid (#1) BRlas -3 -6 min, volts
Oscillator Grid (#3) Bilas -10 =15 volts
Oscillator Peak Voltage (Grid #3) 12 18 volts
Plate Resistance Greater than 1 megohm
Conversion Conductance 350 350 umhos
Plate Current 2.4 3.3 ma
Screen Current 7.2 9.2 ma
Signal Grid (#1) Bias =30 =45 volts

(Conversion Conductance =5 umhos)

tr Srell conrnected to cathodes
73 tuhe shield connected to cathode

The D-C resistance in the oscillator grid (#3) circuit should not exceed
50000 ohms,

The vcltaze tetween heater and cathode should be as low as possible where
tley are not directly connected.
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6NS RAYTHEON
CATHODE RAY TUNING INDICATOR
leater Type Glass Bulb
ST 12-08UL8
X
§ The 6I!5 1s a high vacuum type indicator
;‘\,‘\ tube designed for service as a tuning
x 1ndicator 4n radio receivers requiring
§ a low heater current tube.
®
e
o peoms m BOTTOM VIEW OF SOCKET
SMALL BASE| RATINGS
= leater Voltage (a-c or d-o) 6,3 volts
kg lieater Current 0,15 amp
—11 i:aximum Plate Supply Voltage 135 volts
ilaximum Target Voltage 135 volts
TUNING INDICATOR
Flote Supply Voltage 135 volts
Target Voltage 135 volts
Plate Resistor 0.25 megohm
Target Current (approximate) 4,5 ma
Plate Current (zero bilas) 0.5 ma
Grid Blas for Shadow Angle= O o° (approx, =12 volts
Grid 3ias fcr Shadow Angle—QO (approx, o] volts

The 6NS is a high-vacuum tube designed to visually 1indicate the effect of
changing the control grid bias, The shaded pattern produced on the fluore=-
scent target varies through an angle from 90° to approximately 0° as the
control voltage 1s varied. The voltage on the shadow control electrode,the
extension of the triode plate between ths cathode and target, controls the
extent of the shaded area, The voltage of the shadow control electrode 1s
determined by the volta';e of the control grid of the triode connected as a
d-c amplifier, Thus the control grid voltage determines the extent of the
shadow, An increase of control grid bias thus increases the shadow control
voltage and decreases the shadow while a decrease of blas increases the
shadow, In practical use the control grid voltage 1is obtained from asuit-
able point in the AVC network,

RVERRGE CHNARACTERISTICS
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6N6G
6N6MG

6N6G
ST18 BULS
5
R3
3
i)

RAYTHEON

DUO-TRIODE
DIRECT COUPLED POWER AMPLIFIER
Heater Type
Glass Bulb-6N6G Meta~Glass-6N6MG

The 6N6G 1s a direct coupled power am-
plifier tube designed for service in
the output stage of storage batteryor

/{3:‘ g a=-0 operated receivers, The ratings
2 and electrical characteristics are
é? identical with those of the type 6BS,
BOTTOM VIEW OF SOCKET
EN6MG- SHELL CONNECTED
7 £eonG RATINGS
MEDIUM
OCTRL BRSE 0 ’/P//Y
Heater Voltage (a-c or d-o) 6,3 volts
U U e Heater Current 0.8 amp
—1 Maxirmum Plate Voltage 325 volts
r AMPLIFIER - CLASS A
Output-Plate. Voltage 250 300 325 volts
NEMG Input-Plate Voltage 250 300 325 Vvolts
Grid Bias o] o o volts
(METAL SWELL Amplification Factor 58
Plate Resistance 24100 ohms
>- Transconduoctance 2400 pmhos
/jt Output-Plate Current 33 45 51 ma
\\ Input-Plate Current 6.5 8 9 ma
N Load Resistanoce 7000 7000 '7ooo ohms
Total Harmonic Dist, S 5 percent
,/g‘%u Power Output 2,5 4 5 2 watts
_‘_ Signal Voltage RNMS 13,5 15 g volts
|
E— AMPLIFIER = CLASS A - PUSH-PULL -~ TWO TUBES
Output-Plate Voltage 250 300 325 volts
Input-Plate Voltage 250 300 325 volts
Grid Blas 0o o [¢] volts
Output-Plate Current (per tube) 33 45 51 ma
Input-Plate Current (per tube) 6,5 8 9 ma
Load Resistance (plate to plate) 10000 10000 10000 ohms
Total Hdarmonic Distortion S5 S5 5 percent
Power Output 8.5 10 13,5 watts
Signal Voltage RNS (grid to grid) 38 38 42 volts

The voltage between heater and

case should the heater be left floating,

If a grid resistcr 1s used its

For additional curves refer to the type 6BS.

value should not exceed 0.5 megohm,

cathode should not exceed 50 volts and 1in no
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RAYTHEON

TWIN TRIODE
POWER AIIPLIFIER
Heater Type
lletal Bulb-6N7 Glass Bulb-6N7G

The 6N7 is a twin triode type amplifi-
er tube designed for service as a
Class B power amplifier in the output
stage of storage battery or a-c oper-
ated receivers, The ratings and elec-
trical characteristics are identical
with those of the type 6A6,

BOTTOM VIEW OF SOCKET
6N7G- NO CONNECTION
T0 %1 PIN
RATINGS
eniG
STIé BuLB Heater Voltage (a-c or d-c) 6,3 volts
Heater Current 0.8 amp
™ Haximum Plate Voltage 300 volts
3 Maximum Peak Plate Current (per plate) 125 ma
:Wn Maximum Average Plate Dissipation 10 watts
Al
& o § AMPLIFIER - CLASS B
2%
32 Plate Voltage 250 300 volts
Grid Blas (0] (0] volts
& PRONG No-Signal Plate Current(per plate) 14 17,5 ma
MEDIUM Load Reslstance (plate to plate) 8000 10000 ohms
OCTRL BRSE Power Output (approximate) 8 10 watts
UEHDU < (With average power input = 350 mw, grid to grid)
~e
AMPLIFIER - CLASS A-DRIVER TRIODES CONNECTED IN PARALLEL
Plate Voltage 250 294 volts
Grid Biast -5 -6 volts
Amplification Factor 35
Plate Reslstance 11300 11000 ohms
Transconductance 3100 3200 umhos

Plate Current 6 7 ma

Load Reslistance - Depends on the design of the following Class B amplifier.
Usually between 20000 and 40000 ohms,

Power Output (approximate) 400 mw

+The d-c resistance 1n the grid circuit should not exceed 0.5 megohm with
self-blas or 0.1 megohm with fixed-blas,

For additional curves refer to the type GAG,

1
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6P7G RAYTHEON

TRIODE-PENTODE

<ifla ANPLIFIER OR CONVERTER
Heater Type Glass Bulb
The 6P7G 18 a duplex tube, combining in
ST 12-08ULB one bulb a triode and a remote cutoff
pentode, designed for service as an os=-
§ cillator and mixeror as a high frequen-
& cy amplifier and second detector, in
Qg storage battery or a-c operated receiv-
§'\ ers, The ratings and electrical char-
‘on acteristics are identical with those of
3%, ,:; the type 6F7. BOTTOM VIEW OF SOCKET
7 RATINGS
%ﬁxf Heater Voltage (a-o or d-c¢) 6,3 volts
OCTAL BASE Heater Current 0.3 amp
O DIRECT INTERELECTRODE CAPACITANCES
UU@U e Grid to Plate Input Output
— Triode Section # 2.0 3.5 3.0 nut
Pentode Section%* 0,008 max. 3.5 12 uut
AMPLIFIER - CLASS A
Triode Section Pentode Section
Plate Voltage 100 max, 100 250 max, Vvolts
Screen Voltage 100 100 max, volts
Grid Blas =3 =3 -3 min. volts
Amplification Factor 8 300 900
Plate Resistance 0,016 0.29 0.85 megohm
Transconductance 500 1050 1100 pumhos
Plate Current 3.5 643 6.5 ma
Screen Current 1.6 1.5 ma
Transconductance (at -35 volts bias) 9 10 pmhos
FREQUENCY CONVERTER
Triode Seotion Pentode Section
100 250 volts

Maximum Plate Voltage

Maximum Screen Voltage 100 volts
inimum Grid Bias 1 3 # volts
Maximum Oscillator Plate Current(average) 4

mR
Typical Operation:

Plate Voltage 1001 250 volts
Screen Voltage 100 volts
Grid Blas 1 =10 A volts
Plate Resistance 2 megohm
Conversion Conductance 300 pmhos
Plate Current 2.4 2.8 ma
Grid Current 0.15 [o] ma
Sereen Current 0.6 ma
7 volts

Oscillator Peak Voltage Input

The voltage between heater and cathode should be kept as low as possible
where they are not directly connected,
#With tube shield connected to cathode and other section connected to ground

4Usually obtained by means of a grid leak.
#Grid bias should be at least 3 volts greater thanthe peak oscillator volt=

age applied to the pentode grid.
iMay be obtained from 250 volt supply through 60000 ohm series resistor,

AObtained by means of 1700 ohm cathode resistor

For additional curves refer to the type 6F7,
RAVERRGE CHARACTERISTICS 6F7 AVERRGE CHARACTERISTICS

PENTODE SECT/ON 1300 6P7G PENTODE SECTION
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RAYTHEON

DU0-DIODE TRIODE
DETECTOR AMPLIFIER
Heater Type
Metal Bulb-6Q7 Glass Bulb-6Q7G

The 6Q7 1s a duo-diode triode type am=
plifier tube designed for service as a
combined diode detector, AVC rectifier
and resistanoce coupled audio frequenoy
amplifier in storage battery or a-o op-
erated receivers,

BOTTOM VIEWOFSOCKET
RATINGS 6Q76-N0 CONNECTION
70 #/ PIN
Heater Voltage (a-c or d-c) 6.3 volts
Heater Current 0.3 amp
Maximum Plate Voltage 250 volts
DIRECT INTERELECTRODE CAPACITANCES - TRIODE SECTION
Grid to Plate Input Output
6Q7# 1.5 5.5 5 uuf
6Q7G 1,3 2,7 4.5 wuf
AMPLIFIER - CLASS A - TRIODE SECTION
Plate Voltage 100 250 volts
Grid Bias -1,5 -3 volts
Amplification Factor 70 70
Plate Resistance 87500 58000 ohms
SMALL Transconductance 800 1200 umhos
OCTAL BASE Plate Current 0,35 1.1 ma
3
U[UUD ws AMPLIFIER - CLASS A - RESISTANCE COUPLED - TRIODE SECTION

Plate Supply Voltage 100 250 volts
Grid Blas -1l.1 -2 volts
Plate Resistor 0,15 0,2 megohm
Plate Current 0.25 0.5 ma
Grid Resistor} 0.5 0.5 megohm
Voltage Amplification 35 43

DIODE SECTION

The two diode units are independent of each other and of the triode section
except for the common cathode, The diodes may be used as a half wave or as
a full wave rectifier; or one dlode may be used as a half wave rectifier for
detection, and the other diode used as a rectifier to obtain delayed AVC
voltage.

The voltage between heater and cathode should be kept as low as possible
where they are not directly connected,

#With shell connected to cathode.
{For following tube,

RYERAGE PLRTE CHARACTERISTICS 6Q7 RVERRGE CHRARACTERISTICS
TRIODE SECTION 6Q76 TRIODE SECT 10N
Ep=6.3" £r26.3Y

. Z T ,’
. []
|

]
i
/
/:

™
~

NS
8°0.
S-asr
LoV

h.___~.:
A4S
lo M~
)
ﬁk\
M~
[
g &
~2sov

~
o

-
\
\
g
PLATE CURRENT-MA.
T
—

S
«

[

I
|
|
|
|

F—~
-

~

~

=200v

= /SOV
-
2

f

=
S

=
9
PLATE CURRENT - MA.
~—g
I~
M~
~
~._~.-~
I~
v

L
id
—

g B B

/

/
191/ /
ZOomyinias
WY P

o
° ¢
w + -5 -9 -3 -2 - 15’
GRID BIRS -VOLTS \0

[
\\
NG N~
I~~~

»
~

3
[
N e
\\
T~
\\‘\
Nl T

~

3
8
3
3
%
¥
d
g
:

RAYTHEON ENGINEERING SERVICE



RAYTHEON

DUO-DIODE TRIODE
DETECTOR AMPLIFIER
Heater Type
Metal Bulb-6R7

The 6R7 1s a duo-diode
plifier tube
combined diode detector,

RATINGS

Heater Voltage (a-c or d-o)
Heater Current
Maxirmum Plate Voltage

Transconductance
Plate Current
Load Resistance

OCTAL BASE

O

Plate Supply Voltage
Grid Blas (approximate)
Plate Resistor

Plate Current

Grid Resistor}

Voltage Amplification
Voltage Output (RMS)i

DIODE SECTION

Glass Bulb-6R7G

triode type am-
designed for service as a
AVC rectifier
and audio frequency amplifier in storage
battery or a-c operated receivers,

Grid to Plate Input
6R7# 2.5 5.5
6R7G 3.5 2,5
x
~§ AMPLIFIER = CLASS A - TRIODE SECTION
,:i‘s Plate Voltage
§ Grid Blas
% Amplification Factor
}ﬁ Plate Resistance

Power Output (5% second harmonic)

BOTTOM VIEW OF SOCKET
6R7G -0 CONNECTION
To#7PIN
6,3 volts
0.3 amp
250 volts

DIRECT INTERELECTRODE CAPACITANCES - TRIODE SECTION

Output
4,0 upf
4.5 uuf
250 volts
=9 volts
16
8500 ohms
1900 umhos
9.5 ma
10000 ohms
280 mw

ANPLIF1ER - CLASS A - RESISTANCE COUPLED - TRIODE SECTION

250 volts
-6 volts
0,05 to 0,1 megohm
2,4 to 1.3 ma
oS megohm

12
S1 volts

The two diode units are independent of each other and of the triode section

except for the common cathode.

The diode may be used

as a half wave or as

a full wave rectifier; or one diode may be used as a half wave rectifier for

detection, and the other dlode used as a rectifier to

voltace.
The voltage between rncater and
where tiiey arec nct directly connected.

#With shell ccnnected to cathode,
jFor followint tube.

cathode should be kept

obtain delayed AVC

as low as possible

AVERAGE PLRTE CHRARACTERISTICS 6R7 AVERRGE CHARACTERISTICS
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RAYTHEON

PENTODE
Heater Type
The 6S7G is a

pentode type

erated receivers requiring a
er current tube.

RELOTE CUTOFF AIMPLIFIER
Glass Bulb

tube with remote cutoff characteristics
designed for service asa high frequency
amplifier in storage battery or a-c op-

amplifier

low heat-

BOTTOM VIEW OF SOCKET

RATINGS
Heater Voltage (a-o or d-¢) 6,3 volts
Heater Current 0,15 amp
i‘aximum Plete Voltage 250 volts
ilaximuna Screen Voltage 100 volts
DIRECT INTERELECTRODE CAPACITANCES:
Grid to Plate 0,007 max, upf
Input 4,6 nuf
Ooutput 7.8 unf
ALiPLIFIER = CLASS A
Plate Voltage 135 250 volts
Screen Voltage 67,5 100 volts
Grid Elas =3 - volts
Suppressor Connected to Cathode at Socket
Amplification Factor 850 min, 1100 min,
Plate Resistance 0,68 min, 0,63 min,megohm
Transconductance 1250 1750 umhos
Plate Current 3,7 8.5 ma
Screen Current 0,9 2 ma
Grid Blas -25 -38.5 volts
(Transconductance = 10 pmhos)
#With tube shield.
AVERAGE PLATE CHRARACTERISTICS 657G RAVERAGE CHARACTERISTICS
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6T5 RAYTHEON

CATHODE RAY TUNING INDICATOR

77N\ Heater Type Glass Bulb
79-8UL8 § The 6T5 1s a high-vacuum type indicator
o 3 tube with remote cutoff characteristics
r’imi’ w0 designed for service as a tuning indi-
al cator in radio receivers., The shaded
3 pattern on the fluorescent target 1s
R annular in shape.
)
BOTTOM Y/IEW OF SOCKET
& PRONG RATINGS
SMALL BRSE|
T Heater Voltage (a-c or d-c) 6.3 volts
- Heater Current 0.3 amp
L Max, Plate Supply Voltage 250 volts
Max, Target Voltage 250 volts
TUNING INDICATOR
Plate Supply Voltage 250 volts
Target Voltage 250 volts
Plate Resistor 1 megohm
Target Current (approximate) 3 ma
Plate Current (zero bias) 0.24 ma
Grid Bias for Min, Shadow Diameter -22 volts
Grid Bilas for lax. Shadow Diameter 0o volts

The 6T5 1s a high vacuum tube designed to visually indicate changes of con-
trol grid bias. With the triode section connected as a d-c amplifier, the
voltage of the shadow control electrode which 1s connected to the triode
plate increases withanincrease of control grid bias and causes a reduction
in shadow diameter. Similarly, a decrease of control grid blas 1increases
the shadow diameter, In tuning indicator service the control grid blas is
obtained from a sultable tap in the AVC network.

6T5
AVERAGE CHARACTERISTICS
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6T7G-6Q6G RAYTHEON 6T7G-6Q6G

DUO-DIODE TRIODE
“F o DETECTOR AMPLIFIER
lieater Type Glass Bulb

ST 12-D8ULE
The 6T7G/6Q6G 1s a duo-diode triode type

»¢ amplifier tube designed for service as a
§ corbined diode detector, AVC rectifier,
and audio frequency amplifier in storage

¥ battex‘y or a-c operatedreceivers x‘equir-
9'00 3 ing a low heater current tube.
s max ‘5., | 6T7C/6Q6G replaces the type 6Q6G, single- BOTTOM VIEW OF SOCKET
%? diode triode,
7 PRONG
SMALL RATINGS
OCTAL BRSE
= lleater Voltage (a-c or d-c) 6.3 volts
UUHUU j§ Hcater Current 0.15 amp
| llaximum Plate Voltage 280 volts
DIRECT INTERELECTRODE CAPACITANCES - TRIODE SECTION
Grid to Plate 1.3 uuf
Input 2,7 upt
output 4.5 puf
ANPLIFIER ~ CLASS A ~ TRIODE SECTION
Plate Voltage 135 250 volts
Grid Blas -1l.5 =3 volts
Amplification Factor 65 65
Plate Resistance 65000 62000 ohma
Transconductance 1000 1050 pmhos
Plate Current 0.9 1.2 ma

DIODE SECTION

The two diode units are independent of each other and of the triode section
except for the common cathode., The diodes may be used as a half wave or as
a full wave rectifier; or one diode may be used as a half wave rectifier for
detection, and the other diode used as a rectifier to obtain delayed AVC
voltage.

AVERAGE PLATE CHARACTERISTICS AVERAGE CHARACTERISTICS
Ef=6.3Y T 7G/ecsc Ef6.3Y
TRIODE SECTION TRIODE SECTION
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6US RAYTHEON

CATHODE RAY TUNIZG INDICATOR

/\ lieater Type Glass Bulb
r9-suL8 The 6US 1s a hizh vacuum type indicator
. ¥ tube with remote cutoff characteristics
A TR designed for service as a tuning indi-
2 N
~eo cator In radlo recelvers. The ratings
o and electrical characteristicsare iden=
§ tical with those of the type 6G5/6HS5.
a
g
=
. BOTTOM VIEW OF SOCKET
6 PRONG RATINGS
SMALLBRSE
Heater Voltage (a-c or d-c¢) 6,3 volts
DU . Heater Current 0.3 amp
Uﬂ \gy ximum Plate Supply Voltage 250 volts
—t 1 ximum Tarcet Voltage 250 volts
¥inimum Target Voltage 90 volts
TU..ING INDICATOR
Plate Supply Voltage 100 200 250 volts
Target Voltage 100 200 250 volts
Plate Resistor 0.5 1 1 megohm
Target Current (approximate) 4,5 4,5 4,5 ma
Plate Current (zero Rlas) 0,19 0,19 0,24 ma
Gria %Bias (approzimate) -8 -18,5 =22 volts
(For Shadow angle = 00 )
Grid las (apprcximate) o o] o] volts

(For Shadow angle = 900)

The 6US 1s a high vacuum tube designed to visually Iindicate the effect of
changing the control grid blas, The shaded pattern produced on the fluores=
cent tarcet varies through an angle from 90° to approximately O° as the
contr»l voltage 1s varied, The voltage on the shadow control electrode, the
extension of the triode plate between the cathode and target, controls the
cxtent of the shaded area, The voltage of the shadow control electrocde is
determined by the voltage of the control grid of the triode connected as a
d-c amplifier, Thus the control grid voltage determines the extent of the
shadow. An incrcase of control grid bias thus increases the shadow control
voltage and decreascs the shadow while a decrease of blas 1increases the
shadow, In practical use the control grid voltage is obtained from a suit-
able point in the AVC network,

? AVERAGE CHRARACTERISTICS 6G5/6H5 AVERAGE CHARACTERISTICS
| Epa63Y 6U5 Ep=6.3Y
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6U7G RAYTHEON

PENTODE
“Affa REMOTE CUTOFF AMPLIFIER
Heater Type Glass Bulb
§
R The 6U7G 1s a pentode type amplifier tube
ST 12-C 8 g with remote cutoff characteristics de-
N signed for service as a high frequenoy
] amplifier or mixer in storage battery or
§ a-c operated receivers. The ratings
Ne  and electrical charaoteristiosare iden-
N tical with those of the type 6D6.
o8
/{ — RATINGS BOTTOM VIEW OF SOCKET
Heater Voltage (a-c or d-0)6.3 volts
Heater Current . amp
7 PRONG
SMALL Max, Plate Voltage 250 volts
OCTAL BRSE Max, Screen Voltage 100 volts
oy
Uw = DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 0,007max.* puf
Input 4.8 upf
Output 9.0 uuf
AMPLIFIER -« CLASS A
Plate Voltage 100 250 volts
Soreen Voltage 100 100 volts
Grid Bias =3 -3 volts
Suppressor Connected to Cathode at Socket
Amplification Factor 375 1280
Plate Resistance 0,25 0.8 megohm
Tranaconduotance 1500 1600 umhos
Plate Current 8 8,2 ma
Screen Current 2,2 2 ma
Grid Bias for Transconduotance = 2 umhos =50 =50 volts
MIXER « SUPERHETERODYNE CIRCUIT
Plate Voltage 100 250 volts
Soreen Voltage 100 100 volts
Grid Bias =10 =10 volts
Suppressor Connected to Cathode at Socket

The grid bias 1s not oritical with an oscillator peak swing 1 volt less than
the grid blas.

The shield in the dome of the tube 1s conneoted internally to the cathode,

The voltage between heater and cathode should be kept as low as possible
where they are not directly connected.

#With tube shield

For additional curves refer to the type 6D6.

RVERAGE CHRARACTERISTICS 6D6  AVERAGE CHARACTERISTICS
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RAYTHEON

TETRODE
POWER AMPLIFIER
Heater Type
Metal Bulb-6V6 Glass Bulb-6V6G

The 6V6 1s a tetrode type power ame
plifier tube designed for service in
the output stage of storage battery
or a-c operated receivers,

RATINGS
Heater Volt,(a-o or d-0)6.3  volts  RoTTOM VIEWX SOCKET
leater Current 0.45 amp  6V6G-NO CONNECTION
Max. Plate Voltage 300 volts 0 *1 PIN
Max. Soreen Voltage 300 volts
Max, Plate and Soreen
Dissipation (total) 12,5 watts
VGG AMPLIFIER - CLASS A
ST19 b8 Plate Voltage 180 250 max, volts
~ Screen Voltage 180 250 max, volts
5 Grid Bilas#* -8.5 =12,5 volts
:“ Signal Peak Voltage 8.5 12.5 volts
< Amplification Faotor 218
/f'aa 3 Plate Resistance 52000 ohms
el 2 Transconductance 4100 umhos
e No~Signal Plate Current 29 45 ma
N liax,~-Signal Plate Current 30 4 ma
No-Signal Screen Current 3 4.5 ma
"M;ﬁgg Max,~Signal Soreen Current 4 6.5 ma
OCTAL BASE Load Resistance 5500 5000 ohms
Power Output 2 4.25 watts
Second ilarmonic 5.5 4,5 percent
Third Harmonio 2,5 3.5 percent

AMPLIFIER - PUSH-PULL -~ CLASS AB - TWO TUBES

Plate Voltage 250 300 volts
Soreen Voltage 250 300 volta
Grid Bias: =15 =20 volts
Signal Peak Voltage (grid to grid) 30 40 volts
Nc~Signal Plate Current 70 8 ma
Hax,=Signal Plate Current 79 90 ma
1'0-Signal Screen Current S 5 ma
.'ax,=Sisnal Screen Current 12 13,5 ma
Load Recistance (plate to plate) 10000 8000 ohms
Power Output 8,5 13 watta
Third :larmonic 3.5 3.5 perocent
Total Ilarmonics 4 4 perocent
#Transformer or impedance input systems are recommended, If resistance

courling is uced, the d-c resistance 1in the grid circuit should not exceed
0.5 megohm with self-ilas, or 0,05 megohm with fixed-bias,

The voltage between heater and cathode should be kept as low as possible
where they are not directly connected,

AVERAGE PLRATE CHRRACTERISTICS 6V6 AVERAGE CHRARACTERISTICS
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RAYTHEON

DUO=DIODE TRIODE
DITECTCUR ANTLIFIER

4444177 i.eater Type Glass Bulb
>
§ The 6V7G is a duo-diode triode type ~n=
STI208uB | o plifier tube designed for service as
Sy corbined diode detectcr, AVC rectifler,
i snd a-f amnlifier 1n storage battery or
I§ a-c cperated recelvers, The ratings and
K¥ electrical characteristics arc identi-
i\g cal with those cof type C6.
“ -
i RATINGS BOTTOM VIEW OF SOCKET
“eater Voltage (a=-c or d-c)6,3 volts
75::;0’15 ieater Current 0,3 amp
oL BRsE Jaximum late Voltage 250 volts
U@@U e DIRECT I TERELEZTRODE CAPACITAHCES = TRIODE SECTION
i 1
LI
?nid to Flate 1.7 uuf
input 2.0 uuf
sutput 3.5 upf
ALFPLIFIER « CLASE A = TRIODE SECTION
Plete Zoltage 135 180 250 volts
Grid tlas -10.5 -13.5 -20 volts
Amplification Factor 8.3 8.3 8.3
Plate Resistance 11000 8500 7500 ohms
gia?SCEnd;ct:nce ng 275 éloo nmhos
ate Curren . ma
Load Resistance 25000 20000 20000 ohms
Fower Output 75 160 350 mw

DIODE SECTIOH

The two dlode units are independent of each other and of the triode seo-
tion except for the common cathode. The diodes may be used as a half wave
or as a full weve rectifier; or one diode may be used as a half wave rec=
tifier for detection, and the other diode used as a rectifier to obtain
delayed AVC voltage,

The voltage between heater and cathode should be kept as low as possible
where they are not directly conneoted.

AYERAGE PLATE CHARACTERISTICS 85 AVERAGE THARACTERISTICS
Ep=6.37 6V7G Ep=6.3Y
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TRIODE UMIT
16 ' 0. T I T 24
S 10! =
} 8§ m;lv\\f\’caﬂ w P 2.2
3 //
3 20
<

3
S
N

s s
\“K
§ -

0 / / ?’/ / 1000 A @
L3 o s & 3
a¥ & / mm§ \ \4"0;/ /z§
~ 0 3 \ & N
§ [ / / b § 5 ¥
& / N N 1000 3 N Loy
6% 1 " b3 2
S N 4 2o o 5
ANV Y Y Vi R 4h O ER
. UAITARPN ISR RN
33388558 ‘
P a0 &
R A ] ) A/ :
/ //// 20 % a2z

0 A ) /// 0 L)

o 0 80 o /0 200 240 280 320 360 400 0o 2 4 e & w 12 M (;b

PLATE VOLTAGE-VOLTS PLATE CURRENT-MA.

RAYTHEON ENGINEERING SERVICE



6W5G RAYTHEON

TWIYN DIODE
FULL WAVE IIIGH VACUUN RECTIFIER
ileater Type Class Bulb
ST 12-0 BH8
§
;Q The 6W5G 1s a full wave high vacuum
ol type rectifier tube designed for service
. & 1in either vibrator type or a-c operated
g X power supplies,
3 o
<t
8 PRONG BOTTOM VIEW OF SOCKET
SMALL - COI ' 1IPT
OCTAL BASE FULL WAVE RECTIFIER CONDENSER OR CHOKE I:IPUT FILTER
[] e Heater Voltage (a-c or d-c) 6,3 volts
.2 ileater Current 0.9 amp
— Maximum A-C Voltage per Plate (RMS) 350 volts
Maximum D=C Output Current 100 ma
Maximum D-C Voltage between Heater and Cathode 500 volts
RVERAGE OUTPUT CHARRACTERISTICS 6W5G RAVERRGE PLATE CHRRATERISTICS
Ep=63" EACH PLATE
Ep=6.3Y
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RAYTHEON

TWIN DIODE
FULL WAVE HIGH VACUUNM RECTIFIER
Heater Type
Metal Bulb-6X5 Glass Bulb-6X5G

The 6X5 18 a full wave high vacuum type
reotifier tube designed for service in
power supplles for storage battery or
a-o operated receivers,

BOTTOM VIEW OF SOCKET
FULL WAVE RECTIFTER 6X56'/7'0[0ﬂﬂ56710”
L Condenser or Choke Input Filter TO#1PIN.
Heater Voltage (a-c or d-o) 6.3 volts
Heater Current 0,6 amp
liaximum A-C Voltage per Plate (R!MS) 350 volts
Maximum Inverse Peak Voltage 1250 volts
Maximum D-C Output Current 75 ma
x Liaximum D-C Voltage between
§ Heater and Cathode 400 volts
B
P
§ AVERAGE TUBE VOLTAGE DROP 22 volts
2 (At 75 ma., output current per plate)
g
~
OCTAL BASE There are certain 32 volt recelvers designed with 6X5G tubes
S operated in series, The filament current value usedin this
U@MD "‘Ql design was 0.5 ampere., Type 6X5G tubes marked "500 under the

- type designation may be obtained for this service,

AVERAGE OUTPUT CHARACTERISTICS 6X5 RVERRGE PLATE CHRRACTERISTIC
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6Y6G RAYTHEON

Heater Type

S714 BULE

W& fler tube designed for

ages.

RATINGS

Heater Current
Maximum Plate Voltage
Maximum Screen Voltage

AMPLIFIER - CLASS A

Plate Voltage

Screen Voltage

Grid Blas

Signal Peak Voltage
Amplification Factor

Plate Resistanoce (approximate)
Transconductance

No-Signal Plate Current
Max.~-Signal Plate Current
No-Signal Screen Current
Max.-Signal Screen Current
Load Resistance

Second Harmonic Distortion
Third Harmonic Distortion
Power Output

TETRODE
r POWER AMPLIFIER

Glass Bulb

Heater Voltage (a-c or d-c)

& The 6Y6G 1s a tetrode type power ampli-
service in the
§§noutput stage of a-c operated receivers
x | having relatively low plate supply volt-

BOTTOM VIEW OF SOCKET
6.3 volts
1.25 amp
135 volts
135 volts
135 volts
135 volts

=-13.5 volts
13,5 volts
70
10000 ohms
7000 umhos
58 ma
60 ma
3 ma
17 ma
2000 ohms
2.5 percent
9 percent
3.6 watts

The voltage between heater and cathode should be kept as low as possible

where they are not directly connected.

E=6.3Y Egy=135Y

RYERAGE PLATE CHRRACTERISTICS 6Y6G

RAVERRGE CHARRCTERISTICS

RAMPLIFIER-CLASS R
Ep=135Y Egqmi35Y Eqe-in5Y
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6Y7G RAYTHEON

TWIN TRIODE
‘ 1 POWER AMPLIFIER
Heater Type Glass Bulb

¥ The 6¥Y7G1isa twin triode type power am-
| plifier tube designed for service as a
§ Class B amplifier in the output stage of
¥ gtorage battery or a-c operated receiv-

o0 3 ers, The ratings and electrical charac-
/Iwix teristics are identiocal with those of
the type 79.

8 peora RATINGS BOTTOM VIEW OF SOCKET
OCTRL BRSE Heater Voltage (a=-c or d-c) 6.3 volts
U [] ;'Q Heater Current 0.6 amp

)¢ Maximum Plate Voltage 250 volts

e Max, Peak Plate Current 90 ma

(per plate)
Max, Av, Plate Dissipation 11,6watts

AMPLIFIER = CLASS B

Plate Voltage 180 250 volts
Grid Bias o] (o] volts
No-Signal Plate Current (per plate) 3.8 5.3 ma
Load Resistance (plate to plate) 7000 14000 ohms
Power Output 5.5 8 watts

(With average power input = 380 mw, érid to grid)

The voltage between heater and ocathode should be kept as
low as possible where they are not directly connected.

For additional curves refer to the type 79,

RVERAGE PLATE CHARARCTERISTICS 79 AVERRGE CHARRCTERISTICS
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6Z7G RAYTHEON

TWIN TRIODE
POWER AMPLIFIER
Heater Type
sTizosus| § imal Grid Glass Bulb

The 627G 1sa twin triode type amplifier

§ tube designed for service as a Class B

w  power amplifier in the output stage of

,3'00 <> storage battery or a-c operated receiv-

MAX ers requiring a low heater current tube,
asmylff BOTTOM VIEW OF SOCKET

ocTAL BRSE RATINGS

[] U '#::z Heater Voltage (a-c or d-c)6.3 volts

S jieater Current 0,3 amp

Maximum Plate Voltage 180 volts

Max, Peak Plate Current 60 ma

(per plate)
Max,Av. Plate Dissipation 8 watts

AMPLIFIER = CLASS B

Plate Voltage 135 180 volts

Grid Blas o 0 volts

No-Signal Plate Current (per plate) 3 4.2 ma

Load Resistance (plate to plate) 15000 20000 ohma

ower Jutput 1.5 2.2 watts
(W/1th average power input = 80 mw. grid to grid)

Load Reslstance 9000 12000 ohms

Power Output 2.8 4,2 watts
(With average power input = 320 mw,grid to grid)

The voltage between heater and cathode should be kept as low as possible
where they are not directly connected.

RAVERAGE PLATE CHARACTERISTICS 6E7G  AVERAGE CHARACTERISTICS
£p-63Y AMPLIFIER ~CLASS B
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6ZYSG RAYTHEON

TWIN DIODE
FULL WAVE HIGH VACUUN RECTIFIER
Heater Type Glass Bulb
ST 12-08UL8

x
§ The 6Z2YS5G 1s a full wave high vacuum
Yo type rectifier tube designed for service
. x% 1n power supplies for storage battery
/5»”& § or a-¢ operated receivers requiring a

-

oo low heater current tube,
™

SMALL
OCTAL BRSE FULL WAVE RECTIFIER

000"

Heater Voltage (a-c or d-c)
lleater Current
Maximum A-C Voltage per Plate (RIS)
liaximum D-C Output Current
liaximum Inverse Peak Voltage
Maximum Peak Plate Current per Plate
Maximum D-C Voltage between
Heater and Cathode

AVERAGE TUBE VOLTAGE DROP (approximate)
(At 35 ma, output current per plate)

6 PRONG BOTTOM VIEW OF SOCKET

volts
volts
ma
volts
ma

volts

volts
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10 RAYTHEON
TRIODE
I POWER Ai.PLIFIER
Filament Type Glass Bulb 90
ST/68ULB
s The 10 1s a triode type amplifier
& tube designed for service in the out-
2 put stage of power amplifiers,
k)
1°on & RATINGS
2B rni s
h‘ Filament Voltage (a-c -r d-c) 7.5
[N Filament Current 1,25
Naximum Plate Voltage 425
laximum Plate Dissipation 12
. i
oyt DIRECT INTERELECTRODE CAPACITAKCES
Grid to Plate 7
H Input 4
t Output 3
AMPLIFIER - CLASS A
Plate Voltage 250 350 425
Grid Biast -23.5 -32 -40
Signal Peak Voltage 18.5 27 35
Amplification Factor 8 8 8
Plate Resistance 6000 5150 5000
Transconductance 1330 1550 1600
Plate Current 10 16 18
Load Resistance 13000 11000 10200
Power Output 0.4 0.9 1.6
AVPLIFIER - CLASS B -~ TWO TUBES
Maximum Plate Voltage 425
Maximum Plate Current with Signal (per tube) 60
Maximum Plate Input with Signal (per tube) 25
Maximum Plate Dissipation (per tube?I 12
Typical Operation:
Plate Voltage 250 350 425
Grid Bilast (approximate) -28 -40 -50
Signal Peak Voltage (approximate) 110 120 130
No-Signal Plate Current (per tube) 4 4 4
Max,-Signal Plate Current (per tube) 55 55 55
Load Resistance (plate to plate) 4000 6000 8000
Power Output (approximate) 13 20 25
Driving Power - grid to grid (approx,) 2.1 2.3 2.5

1Grid bias values are glven with respect to the mid-point of a-o

filament,

G

o NG

BOTTOM VIEW OF SOCKET

volts

o
volts
wattc

wuf
weef
wef

volts
volts
volts

ohms
umhos
ma
ohms
watts

volts

ma
watts
watts

volts
volts
volts
me
ma
ohms
watts
watts

operated
f d.,0. 1s used the tabulated values of grid blas should be

decreased by 5 volts and referred to the negative end of the filament,

IAveraged over any audio frequency cycle,

RVEPRGE PLATE CHARACTERISTICS /0 RVERRGE CHARACTERISTICS
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12A RAYTHEON 12A

TRIODE
DETECTOR OR ALPLIFIER

Filament type Glass Bulb 9 Q
ST14 BUL8 0 6
x The 12-A isa triode type amplifier tube
:§ dasigned for service as a detector or
X @mplifier In storage battery operated oe 00
/é'.,‘:( xS receivers,
3 BOTTOM VIEW OF SOCKET
®|  RarInGs
4 PRONG Filament Voltage 5,0 d-o volts
MED. BRSE Filament Current 0.25 amp
liaximum Plate Voltage 180 volts
«
00 =
R & DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 7.5 upf
Input 4 upf
Output 3 puf
ANPLIFIER - CLASS A
Plate Voltage 90 135 180 volts
Grid Bias -4.5 -9 -13.5 volts
Amplification Factor 8.5 8.5 8,5
Plate Resistance 5400 5100 4700 ochms
Transconductance 1575 1650 1800 pmhos
Plate Current 5 6.2 7.7 ma
Load Reslistance 5000 9000 10650 ohms
Power Output (5% second harmonic) 0,035 0,13 0,285 watts

If a grid resistor is used, 1its value should not exceed 1 megohm,

DETECTOR - BIASED TYPE

Plate Voltage 135 180 volte
Grid Bias (approximate) -15 -21 volta
Plate Current Adjusted to 0.2 ma, with no signal

DETECTOR - GRID LEAK TYPE

Plate Voltage 45 volts
Grid Return to positive filament
Grid Leak Resistance 0,25 to S megohm
Grid Condenser 0,00025 uf

RAYTHEON ENGINEERING SERVICE



12A5 RAYTHEON
PENTODE
V POWER AMPLIFIER
Heater Type Glass Bulb
ST 12-0 88
§
& The 12A5 is a pentode type power ampli-
o fier tube having two heaters which may
. x¥ be connected 1n series for a heater
¥ § voltage of 12,6 volts, or connected in
N parallel for a heater voltage of 6.3 volts,
?,"? BOTTOM VIEW OF SOCKET
S l RATINGS Serles Parallel
Conneoction Conneotion
Wy
U[U:I o Heater Voltage (a-c or d-c) 12,6 6,3 volts
— 11 Heater Current . 0.6 amp
Maximum Plate Voltage 180 volts
Maximum Screen Voltage 180 volts
AMPLIFIER - CLASS A
Plate Voltage 100 180 volts
Screen Voltage 100 180 volts
Grid Bias -15 -25 volts
Amplification Factor 70 85
Plate Resistance 41000 36000 ohms
Transconductance 1700 2400 wmhos
No-Signal Plate Current 17 45 ma
No-Signal Screen Current 3 8 ma
Load Reslstance 4500 3300 ohms
Second Harmonic 2.5 6.5 percent
Third Harmonio 9 8 percent
Power Output 0.7 3.4 watts
RYERRGE PLATE CHARACTERISTICS 12R5 RVERAGE CHRARACTERISTICS
lf'/&s:t’l &sv AMPLIFIER-CLASS A
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12A7 RAYTHEON

DIODE-PENTODE

perey RECTIFIER-POWER AMPLIFIER
Heater Type Glass Buldb
ST 120808 The 12A7 is a diode-pentode type tube

designed for service as a half wave rec-
§ tifler and power amplifier in the out-
W Put stage of a=o - d-o receivers,

¥

%
<
oo |2 | RaTINGS
4 T BOTTOM VIEW OF SOCKET
™ Heater Voltage (a-c or d-o) 12,6 volts
Heater Current 0.3 amp
7 PRONG Pentode Section
SMALL BRSE Maximum Plate Voltage 135 volts
< Maximum Screen Voltage 135 volts
U=l
AMPLIFIER = CLASS A - PENTODE SECTION
Plate Voltage 135 volts
Soreen Voltage 135 volts
Grid Bias -13.5 volts
Amplification Faotor 100
Plate Resistance 0,102 megohm
Transconductance 875 umhos
Plate Current 9 ma
Soreen Current 2.5 ma
Load Resistance 13500 ohms
Power Output 0.55 watts
HALF WAVE RECTIFIER - RECTIFIER SECTION
Maximum A-C Plate Voltage (RMS) 125 volts
Maximum D-C Output Current 30 ma
Average Tube Voltage Drop 15 volts

(At 60 ma, output current)

PENTODE SECTION-RAVERAGE PLATE CHARACTERISTICS  I12RT  AVERAGE CHARACTERISTICS
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12Z3 RAYTHEON 1223
DIODE
HALF WAVE HIGH VACUUM RECTIFIER
Heater Type Glass Bulb % Q’Q
ST 12-08UL8
g The 1223 is a half wave high vacuum type .
X rectifier tube designed for service in
. x a-0 = d=-o receivers, 00 %
o <
hdanlll LIRS BOTTOM VIEW OF SOCKET
™
«peomg| | | EALF WAVE RECTIFIER
RLL BRSE| l Condenser or Choke Input Filter
N Heater Voltage (a-c or d-c) 12,6 volts
Heater Current 0,3 amp
— 11 Maximum A-C Plate Voltage (R:S) 250 volts
Maximum Inverse Peak Voltage 700 volts
Maximum D-C Output Current 60 ma
Maximum D-C Voltage between
Heater and Cathode 350 volts
AVERAGE TUBE VOLTAGE DROP 18 volts
(At 120 ma, output current)
=
— AVERAGE OUTPUT CHARACTERISTICS RAVERAGE PLATE
9 — Ep=i2.6" /12E3 CHRRACTERISTIC
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185 RAYTHEON

w50} PENTODB
e AMPLIFIER

< Heater Type Glass Bulb

<

+3| The 15 is a pentode type amplifier tube

ST i2-0ous m designed for service in battery operat-
o ed receivers requiring a low voltage
heater type tube.

]S
3
. N RATINGS
18 o < BOTTOM VIEW OF SOCKET
Heater Voltage 2.0 d-o volts
Heater Current 0,22 amp
7 PRONG Max., Plate Voltage 135 volts
SMALL BRSE Max, Screen Voltage 67.5 volts
N
K
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate (with shield) 0,01 max. upf
Input 2.35 upsf
Output 7.8 11T
AMPLIFIER - CLASS A

Plate Voltage 67.5 135 volts
Screen Voltage 67,5 67,5 volts
Grid Blas -1.5 -1.5 volts

Amplification Factor 450 600
Plate Resistance 0,63 0,8 megohm
Transconductance 710 750 pmhos
Plate Current 1,85 1.85 ma
Screen Current 0,3 0.3 ma

The voltage between heater and cathode should be as low as possible. It
should never exceed 22.5 volts.

RYERAGE PLATE CHARACTERISTICS 15 RAVERAGE CHRRACTERISTICS
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1

<]

RAYTHEON 19

TWIN TRIODE

ST 12:08U8
X
. <
o0
e
& PEONG
SMALL BRSE]

»
<
3 The 19 is a twin triode type power am-
";;{’ plifier tube designed for service as a

U

POWER AMPLIFIER
Filament Type Glass Bulb

Class B amplifier in the output stage of
battery operated recelvers, The ratings
and electriocal characteristics, except

filament current, are 1dentical with
those of the type 1J6G. BOTTOM YIEW OF SOCKET

RATINGS
Filament Voltage 2,0 d-c volts
Filament Current 0,26 amp
Maximum Plate Voltage 135 volts
Maximum Peak Plate Current (per plate) 50 ma

AMPLIFIER -~ CLASS B

Plate Voltage 135 135 135 volts
Grid Blas -6 =3 0 volts
No-Signal Plate Current (per plate) 0.5 2 5 ma
Load Resistance (plate to plate) 10000 10000 10000 ohms
Power Output (approximate) 1.6 1,9 2.1 watts
Average Power Input (grid to grid) 0,095 0,13 0,17 watts
For additional ocurves refer to the type 1J6G.
RYERAGE PLATE CHARACTERISTICS AVERAGE CHARACTERISTICS
(EACH TRIODE UNIT) 9 CLASS B OPERATION
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RAYTHEON 20

TRIODE
POWER AMPLIFIER

Filament Type Glass Bulb 90 60

The 20 1s a triode type power amplifier
tube designed for service in the output
stage of battery operated receivers. 00 90

BOTTOM VIEW OF SOCKET

RATINGS
Filament Voltage 3,0 3,3 d-0 volts
Filament Current 0,125 0,132 amp
Maximum Plate Voltage 135 volts

DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate 4,1 puf
Input 2,0 wuf
Output 2.3 TS o
AMPLIFIER - CLASS A
Plate Voltage 90 135 volts
Grid Bias -16,5 -22,5 volts
Amplification Factor 3.3 343
Plate Resistance 8000 6300 ohms
Transconductance 415 525 pmhos
Plate Current 3 6.5 ma
Load Resistance 9600 6500 ohms
Power Output (5% second harmonio) 45 110 W
22 RAYTHEON 22
TETROLE
~{3d|-aa AMPLIFIER
Filament Type Glass Bulb 90 @Q
6]
STI4 BULE The 22 1s a tetrode type amplifier tube
designed for service as a highfrequenoy
X amplifier in battery operated receivers, 00 oo
b\
-
Q‘T‘?‘ BOTTOM VIEW OF SOCKET
2 | RATINGS
>
v Filament Voltage 3,3 d-o volts
Filament Current 0,132 amp
PPONG Maximum Plate Voltage 135 volts
MED. BRSE Maximum Soreen Voltage 67.5 volts
U ."W DIRECT INTERELECTRODE CAPACITANCES
— 1t
Grid to Plate 0,020 max,# ppf
Input 3.3 unf
Output 12 upt

AMPLIFIER - CLASS A

Plate Voltage 135 135 volts
Screen Voltage 45 67.5 volts
Grid Blas =-1,5 -1,5 volts
Amplification Factor 270 160

Plate Resistance 0,725 0,325 megohm
Transconductance 375 500 umhos
Plate Current 1,7 3.7 ma
Soreen Current 0.6 1.3 ma

If a grid resistor is used, its value should not exceed 5 megohms with a
screen voltage of 45 volts,or 1 megohm witha screen voltage of 67,5 volts.

#With tube shield

RAYTHEON ENGINEERING SERVICE



24A RAYTHEON 24A

TETRODE
-1.!#'}-4" DETECTOR OR AMPLIFIER
I leater Type Glass Bulb
STI® BULE The 24-A 1s a tetrode type amplifier D
. tube designed for service as adetect-
§ or amplifier in a-¢ operated receiv-
& ers.
o
e 3
ARX :%’ RATINGS BOTTOM VIEW OF SOCKET
A Heater Voltage (a-c or d-c) 2.5 volts
Heater Current 1,75 amp
5 PEOM Maximum Plate Voltage 250 volts
Mﬂzm.sq: Maximum Screen Voltage 90 volts
=1 DIRECT INTERELECTRODE CAPACITANCES
”UU”” ""," Grid to Plate 0,007 max.# uuf
B Input 5 uuf
Output 10,5 uef
ANPLIFIER - CLASS A
Plate Voltage 180 25Cc volts
Screen Voltage 90 90 volts
Grid Blas -3 =3 volts
Amplification Factor 400 630
Plate Resistance 0.4 0,6 megohm
Transconductance 1000 1050 umhos
Plate Current 4 4 ma
Screen Current 1.7 1,7 ma
DETECTOR - BIASED TYPE
Plate Voltage 250 volts
Screen Voltage 20 to 45 volts
Grid Blas (approximate) =5 volts
Plate Load 0.25 megohm
Plate Current Adjusted to 0.1 ma, with no signal
DETECTOR - GRID LEAK TYPE
Plate Voltage 180 max,volts
Screen Voltage 20 to 45 volts
Grid Conventional Grid Leak and Condenser
Plate Load 0.25 megohm

The voltage between heater and cathode should be kept as low as possible
where they are not directly connected,

#With tube shield,

[

&

AVERAGE PLATE CHARACTERISTICS AVERAGE CUT-OFF
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RAYTHEON

PENTODE
POWER AMPLIFIER
Heater Type
Metal Bulb-25A6 Glass Bulb-25A6G

The 25A6 1s a pentode type power am-

plifier tube designed for service in
the output stage of a-oed-c receivers,
The ratings and electrical character-
istics are identical with those of the
type 43.
BOTTOM YIEW OF SOCKET
RATINGS 25R6G - WOCONNECTION
7091 PIN
Heater Voltage(a-c or d-o)25 volts
Heater Current 0.3 amp
Max, Plate Voltage 180 volts
Max, Screen Voltage 135 volts
. AMPLIFIER - CLASS A
§
X  Plate Voltage 95 135 180 volts
‘%, Soreen Voltage 95 135 135 volts
s &Y orid Bias -15  -20  -20 volts
AL 3 Amplification Factor (approxJ 90 85 100
e Plate Resistance (approx.) 45000 35000 40000 ohms
%+ Transconductance 2000 2450 2500 pmhos
Plate Current 20 37 38 ma
7 PRONG Screen Current 4 8 7,5 ma
P i Load Resistance 4500 4000 5000 ohms
Total Harmonic Distortion 11 9 10 percent
U@U ;N' Power Output 0.9 2 2,75 watts
- —t4

Heater to cathode bias should not exceed 90 volts d-c, as measured between
the negative heater terminal and the cathode.

For additional curves refer to the type 43.

AVERAGE PLATE CHRARACTERISTICS 43 RAVERRGE CHARACTERISTICS|
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RAYTHEON

DIODE PENTODE

25A7G

lleater Type

ST/¢ BULE

designed for service as
rectifier and power amplifier

RATINGS

Heater Voltage (a-c or d-c¢)
Heater Current

Pentode Section
liaximum Plate Voltage
laximum Screen Voltage

RECTIFIER POWER ANPLIFIER
Glass Bulb

The 25A7G 1is a diode-pentode type tube
a half wave

output stage of a-c = d-c recelivers,

in the

ALPLIFIER = CLASS A - PENTODE SECTION

Plate Voltage

Screen Voltage

Grid Blas
Amplification Factor
Plate Resistance
Transconductance
Plate Current

Screen Current

Load Resistance
Total Harmonie Distortion
Power Output

HALF WAVE RECTIFIER -

Maximum A-C Plate Voltage RNS
Maximum D-C Output Current

BOTTOM VIEW OF SOCKET
25 volts
0,3 amp
100 volts
100 volts
100 volts
100 volts

-15 volts
90
30000 ohms
1800 umhos
20,5 ma
4 ma
4500 ohms
9 peroent
0.77 watts

RECTIFIER SECTION

125 volts

75

RVERRGE PLATE CHARACTERISTICS 25A7G RAVERRGE CHARACTERISTICS
lso — PENTODE SECTION CLASS A OPERATION
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25B6G

Plate Voltage
Screen Voltage
Grid Blas

Plate Resistance
Transconductance
Plate Current
Screen Current
Load Resistanoe
Total Harmonics
Power Output

The voltage between heater

RAYTHEON

ALIGNED GRID PENTODE
POWER AMPLIFIER
Glass Bulb

Heater Type

RATINGS

Heater Voltage (a-c or t-o)

Heater Current

Maximum Plate Voltage
Maximum Soreen Voltage

AMPLIFIER - CLASS A

where they are not directly conneoted,

. The 25B6G 18 an alignedgrid pentode type
Q power amplifier tube designed for ser-
vice in the output stage of a-c
:? receivers,

d-o

BOTTOM VIEW OF SOCKET
25 volts
0.3 amp
95 volts
95 volts
95 volts
95 volts
~15 volts
Subjeot to considerable variation
4000 pmhos
45 ma
4 ma
2000 ohms
10 peroent
1,75 watts

and cathode should be

kept as low as possible

RAVERAGE PLATE CHARACTERISTICS 2586G RVERRGE CHARACTERISTICS
Egn25Y  Esge95Y CLASS R OPERATION
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RAYTHEON

TETRODE
POWER AMPLIFIER
Heater Type
letal Bulb-25L6

The 25L6 1s
plifier tube designed for

ers,

RATINGS

Heater Voltage (a-c or d-o)

Heater Current
Maximum Plate Voltage
Maximum Screen Voltage

AMPLIFIER - CLASS A

Plate Voltage

Soreen Voltage

Grid Blas#

Signal Peak Voltage
Amplification Factor

Plate Resistance (approx.)
Transconductance

No-Signal Plate Current
Max,-Signal Plate Current
No-Signal Screen Current
Max,-Signal Screen Current
Load Resistance

Total Harmonic Distortion
Second Harmonic Distortion
Third Harmonic Distortion
Power Output

Glass Bulb-25L6G

a tetrode type power am-
service in
the output stage of a-oc - d-o receiv-

BOTTOM VIEW OF SOCKET

2516610 CONNECTION
To#1PIN

25 volts

0.3 amp

110 volts

110 volts

110 110 volts

110 110 volts

=7.5 =7.5 volts

7.5 7.5 volts

82 82

10000 10000 ohms

8200 8200 wmhos

49 49 ma

54 50 ma

4 4 ma

9 11 ma

1500 2000 ohms

11 10 percent

10 3¢5 percent

4 8.5 percent

2.1 2.2 watts

The voltage between heater and cathode should not exceed 90 volts, as meas=-
ured between the negative end of the heater and the cathode.

#Transformer or impedance input systems are recommended.
coupling 1s used, the d-c resistance

Ir

0.5 megohm with self-bias, or 0.1l megohm with fixed-blas,

resistance

in the grid circuit shouldnot exceed

AVERRGE PLATE CNARACTERIST/CS 25L6 AVERAGE CHARACTERISTICS|
180 —0r Er=28" /Eq‘.‘ll‘ 25L6G CLASS A OPERATION
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25Z5 RAYTHEON

TWIN DIODE
HIGH VACUUM RECTIFIER
VOLTAGE DOUBLER
ST 12-08UL8 Heater Type Glass Buldb

$

The 2525 1s a high vacuwn type rectifi-

} X er tube designed for service as a half
3+ 3 wave rectifier or voltage doubler in
" |'&e| @-c - d-o receivers,
™ BOTTOM VIEW OF SOCKET
6 PEONG
SMALL BRSE]
J VOLTAGE DOUBLER
a
o Heater Voltage (a-o or d-o) 25 volts
UU Uﬂ-——LL Heater Current 0.3 amp
Maximum A-C Voltage per Plate (RMS) 125 volts
llaximum Peak Plate Current 500 ma
Maximum D-C Output Current 100 ma
HALF-WAVE RECTIFIER
Without With
Series Resistor S2ries Resistor#
Heater Voltage (a-c or d-o) 25 25 volts
Heater Current 0,3 0,3 amp
Mexirmum A~C Voltage per Plate (RMS) 125 250 volts
Maximum Peak Current per Plate 500 500 ma
Maximum D=-C Output Current per Plate 86 85 ma

As a half-wave rectifier, the two sections may be used either separately or
connected in parallel,

#A-C plate voltages greater than 125 volts require the use of a 100 ohm
serles resistor in each plate lead or a 100 ohm series resistor common to
botr: plates, The latter connection gives somewhat poorer regulation,

AVERAGE OUTPUT CHARACTERISTICS RVERAGE PLATE
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Kﬂn!ﬂﬁ

il

RAYTHEON

TWIN DIODE
HIGH VACUUM RECTIFIER
VOLTAGE DOUELER
Heater Type
Wetal BulbL-25Z6 Glass Bulb-25Z6G

The 2526 1s a high vacuum type rectifi=-
er tube degigned for service as a half-
wave rectifier or voltage doubler in
a-c = d-o0 receivers.

VOLTAGE DOUBLER

BOTTOM VIEW OF SOCKET
2526G-NOCONNECTION
To#1PIN

Heater Voltage (a-c or d-¢) 25 volts
- Heater Current 0.3 amp
Maximum A-C Voltage per Plate (RMS) 126 volts
Maximum Peak Plate Current 500 ma
Maximum D-C Output Current 85 ma
HALF WAVE RECTIFIER
J Without  With
Series Series
Resistor Resistor#
Heater Voltage(a-c or d-o) 25 25 volts
Heater Current 0.3 0,3
Max, A=-C Voltage per Plate (RILIS) 125 250 volts
Max, Peak Plate Current per Plate 500 500 ma
Max, D-C Output Current per Plate 85 85 ma

&)

As a half-wave rectifier, the two sections may be used either separately or
connected in parallel,

#A-C plate voltages preater than 125 volts require the use of a 100 ohm ser-
1es resistor in each plate lead or a 100 ohm series resistor common to both

plates.

The latter connection gives somewhat pcorer regulation,
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26 RAYTHEON
TRIODE
AMPLIFIER
Filament Type Glass Bulb
ST14 BuULE
N
hE The 26 1s a triode type amplifier tube
e designed for service 1in a-o operated
éw receivers,
e
;‘?
RATINGS
- Filament Voltage (a-c or d-o)
MEP. BRSE Filament Current
Maxinum Plate Voltage
Ly
I
— 11 DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate
Input
Output
AMPLIFIER ~ CLASS A
Plate Voltage 90 135
Grid Biast -7 =10
Amplification Factor 8,3 8.3
Plate Resistanoce 8900 7600
Transconductance 935 1100
Plate Current 2.9 5.5

26

NS

o/ M

BOTTOM VIEW OF SOCKET
o5 volta
1,05 amp
(o] volts
8.1 uut
3.5 uut
2,2 uuf
180 volts
-14,5 volts
8,3
7300 obms
1150 umhos
6.2 ma

1Grid Blas measured from mid-point of a-c operated filament,
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27 RAYTHEON 27

TRIODE
N DETECTOR OR AMPLIFIER (N
Heater Type Glass Bulb (G)
ST 12-0 B8
§
;t‘e The 27 is a triode type amplifier tube GD GD
;(‘ designed for service as a detector or
i"‘ § amplifier in a-o operated receivers, Q c)
Y ¥
e Tloe X3
RATINGS
5PRONG BOTTOM VIEW OF SOCKET
| ShaLL BRSE Heater Voltage (a-c or d-c) 2,5 volts
Heater Current 1,75 amp
. Maximum Plate Voltage 250 volts
T
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 3.3 upnf
Input 3.5 unf
Output 3.0 it
AMPLIFIER - CLASS A
Plate Voltage 90 135 180 250 volts
Grid Bias -6 -9 -13,5 =21 volts
Amplification Factor 9 9 9
Plate Resistance 11000 9000 9000 9250 ohms
Transconductance 820 1000 1000 075 umhos
Plate Current 2.7 4,5 5.0 5.2 ma
If a grid resistor is used, 1ts value should not exceed 1 megonm
DETECTOR = BIASED TYPE
Plate Voltage 250 275 max, Vvolts
Grid Bilas (approximate) ~30 =33 volts
Plate Current? Adjusted to 0.2 ma, with no siznal
DETECTOR = GRID LEAK TYPE
Plate Voltage 45 volts
rid Return to Cathode
Grid Leak Resistance 1l to 5 inegohms
Grid Condenser 0,00025 uf

The voltage between heater and cathode should be kept as low as possible
where they are not directly connected,

jWith normal maximum signal the average d-c plate current should not exceed
5 me,

AVERAGE PLARTE CHRRARCTERISTICS 27 RVERAGE CHRRACTERISTICS
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30 RAYTHEON 30

TRIODE

r DETECTOR OR ANPLIFIER % &Q

Filament Type Glass Bulb

ST '2-08UL8
The 30 is a triode type amplifier tube

desisned for scrvice as a detector or
amplifier in battery operated recelvers,
The ratings and electrical characteris- o o
tics are identicel with those of the 0 o

x
<
RY
TN
800 [ ;Q type 114G.
! 16 MAX N N BOTTOM VIEW OF SOCKET
e RATIIGS
p Hleater Voltage 2,0 d-c volts
PONG 3
iHleater Current 0,060 amp
SMALL BRSE aximum Plate Voltage 180 volts
U D ‘| DIRECT INTERELECTRODE CAPACITANCES
—L Grid to rlate 3,0 uuf
Input 3.7 upf
Output 2.1 upf
AVPLIFIER = CLASS A
Plate Voltage 90 135 1e0 volts
Grid iias -4,5 -9 -13.5 volts
Amplification Factor 9.3 9.3 9.3
rlate Resi:ztance 11000 10300 10300 ohms
Transconductance 850 900 900 umhos
Plate Current 2.5 3.0 3.1 ma
If 2 grid resistor is used, its value should not exceed 2 megohms,
ALPLIFIER - CLASS B - TWO TUBES
llaximwn Plate Voltage 130 volts
Wwaximum Feak Flate Current (per tube) 50 ma
liaxirmur i’0-Signal Plate Current (per tuve) 1.5 ma
Typical Operatlion:
Flate Voltage 157.5 volts
Grid GCias =15 volts
ijo=Siimal Plate Current (per tube) 0,5 ma
Load Resistance (plate to rlate) 2000 ohms
Power Outputt 2,1 watts
(With average power innut = 260 mw, grid to grid)
DETECTOR -~ BIASED TYFE
Plate Voltage 90 135 180 volts
Grid Blas (ap;:,r'oxi ate) -9 -13.5 =18 volts
Plate Current. Adjusted to 0.2 ma, with no signal
DETECTOR - GRID LEAX TYPE
Plate Volta-e 45 max, volts
Grid Returned to rositive filament
Grid Leak Resistance 1 to 5§ megohms
Grid Condenser 0,00025 uf

4VWith one type 30 as driver operated at plate voltage of 157,5 volts, srid
bilas of -11,3 volts,plate load of approximately 18007 ohms,and input transe
former ratio,primarytol/2 secondary,of 1,165, Iotal distortlionis 6%to 7%,

iwith normal maximum si’nal the average d-c plate current ch:uld not exceea
2na,
For additional curves refer to the type 1H4G,
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31 RAYTHEON 31

TRIODE
I PQWER AMPLIFIER
Filament Type Glass Bulb 90 &Q
ST 12-08u8
§
‘: The 311s a triode type power amplifier
mo tube designed for service in the output Q
. §§ stage of battery operated receivers, 0 %
3 11 2
e BOTTOM VIEW OF SOCKET
L) RATINGS
Seona ) Filament Voltage 2,0 d=o  volts
Filament Current . amp
U U L Maximum Plate Voltage 180 volts
o
JEN I
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 6,7 (Vs o
Input 3¢5 uuf
Output 2.7 uuf
AMPLIFIER - CLASS A
Plate Voltage 135 180 volts
Grid Bias -22,5 =30 volts
Amplification Factor 3.8 3.8
Plate Resistance 4100 3600 ohma
Transconductance 925 1050 umhos
Plate Current 8 12,3 ma
Load Resistance 7000 5700 ohms
Power Output (5% second harmonic) 185 375 mw
RVERAGE PLATE CHARACTERISTICS 3/ RVERAGE CHRRACTERISTICS
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32 RAYTHEON 32

TETRODE
{30 }-ar DETECTOR OR ANPLIFIER
r Filament Type Glass Bulb 90 @Q
16.]
STI¢ BULS The 32 1sa tetrode type amplifier tube
designed for service as a detector or o o
é amplifier in battery operated receiv- 0 o
ers,
’:ﬁx BOTTOM VIEW OF SOCKET
sl
an
e, .2 RATINGS
Filament Voltage 2,0 d-o volts
Filament Current 0,060 amp
Maximum Plate Voltage 180 volts
:;p%z Maximum Soreen Voltage 67.5 volts
. DIRECT INTERELECTRODE CAPACITANCES
|
D U SD Grid to Plate 0,015 max,#* puf
- Input 5.3 puyf
Output 10.5 st

AMPLIFIER - CLASS A

Plate Voltage 135 180 volts
Soreen Voltage 67,5 67.5 volts
Grid Blas -3 =3 volts
Amplification Factor 610 780

Plate Resistance 0,95 1,2 megohm
Transconductance 640 650 umhos
Plate Current 1.7 1,7 ma
Sereen Current 0,4 0.4 max, ma

If a grld resistor 1s used, 1ts value should not exceed 2 megohms,

DETECTOR - BIASED TYPE

Plate Supply Voltage 135 180 volts
Soreen Voltage 45 67.5 volts
Grid Blas (approximate) -4.,5 -6 volts
Plate Load 0.1 megohm or equivalcnt impedance
Plate Current Adjusted to 0,2 ma. with no signal

DETECTOR -~ GRID LEAK TYPE

Plate Voltage 135 volts
Soreen Voltage Up to 45 volts
Grid Return to positive filament
Plate Load 0,1 megohm or equivalent impedance
Grid Leak Resistanoce 1lto5S megohm
Grid Condenser 0,00025 uf

#With tube shield.

RAYERRGE PLATE CHRRACTERISTICS RVERAGE CHROACTERISTICS
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33 RAYTHEON 33

PENTODE
r POWER AMPLIFIER
Filament Type Glass Bulb
STI4 BULB
§ The 33 1s a pentode type power ampli-
Y fler tube designed for service in the
ih output stage of battery operated re-
/A-{;"::‘ §\\ celvers.
Ry
Je| rarives
) G BOTTOM YIEW OF SOCKET
5 PRONG Filament Voltage 2,0 d-o volts
MER BRSE Filament Current . amp
Maximum Plate Voltage 180 volte
UUUU” ."L Maximum Soreen Voltage 180 volts
JR— |
AMPLIFIER ~ CLASS A
Plate Voltage 135 180 volts
Soreen Voltage 135 180 volts
Grid Blas =13.5 -18 volts
Amplification Factor 70 90
Plate Resistanoce 50000 55000 ohms
Transconduotance 1450 1700 pmhos
Plate Current 14,5 22 ma
Screen Current 3 5 ma
Load Resistance 7000 6000 ohms
Power Output (7% total distortion) 0,7 1.4 watts
RVERAGE PLATE CHARACTERISTICS 33 AVERAGE CHARACTERISTICS
Epm200C  Egg=1807 AMPLIFIER — CLASS A
Ep=20"0C Ep=180Y Eg=-18"
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34 RAYTHEON 34

PENTODE
‘1""’?’“ RENMOTE CUTOFF AMPLIFIER
Filament Type Glass Bulb
ST194 BULS The 34 1s a pentode type amplifiler
tube with remote cutoff characteris-
tics designed for service as a high
§ frequency amplifier or mixer in bat-
¥ tery operated receivers. BOTTOM YIEW OF SOCKET
9
RATINGS
Filament Voltage 2,0 d-o volts
PONG Filament Current 0,060 amp
:&m liaximum Plate Voltage 180 volts
Maximum Soreen Voltage 67.5 volts

.
)
D ‘,Q { DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate 0,015 max,#* upf
Input 6 Hut
Output 11,5 uuf

AMPLIFIER - CLASS A

Plate Voltage 67,5 135 180 volts
Screen Voltage 67,5 67.5 67,5 volts
Grid Blas -3 -3 =3 volts
Amplification Faotor 224 360 620

Plate Resistance 0,4 0,6 1 megohm
Transconduotance 560 600 620 wmhos
Plate Current 2,7 2.8 2,8 ma
Soreen Current 1.1 1.0 1.0 ma
Transconductance 15 15 15 umhos

(At -22,5 volts blas)
MIXER - SUPERHETERODYNE CIRCUIT

Plate Voltage 67.5 135 180 volts
Screen Voltage 67.5 135 180 volts
Grid Bias (approximate)t -5 -5 -5 volts

tThe grid bias shown 1s minimum for an oscillator peak voltage of 4 volts

#With tube shield.

TRENSCONDUCTRANCE - MICROMNOS

AVERAGE PLATE CHARACTERISTICS 34 AVERAGE CHARACTERISTICS
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35-51 RAYTHEON
TETRODE
REMOTE CUTOFF AMPLIFIER
~{ud|-a0 Heator Type Glasa Bulb
The 35/51 18 a tetrode type amplifier
ST1¢ BuULS tube with remote cutoff charaocteris-
x tlos designed for service as a high
§ frequency amplifier or mixer in a-o
.\"f operated receivers.
w JE7 BOTTOM VIEW OF SOCKET
ga '.%! RATINGS
> Heater Voltage (a=o or d-o) 2.5 volts
Heater Current 1.75 amp
5 PRONG Maximum Plate Voltage 250 volts
MEQ BRSE Maximum Soreen Voltage 90 volts
UUU”” '.,,L DIRECT INTERELEQTRODE CAPACITANCES
11
Grid to Plate 0,007 max,# puf
Input 5 uuf
Output 10.5 uut
AMPLIFIER « OLASS A
Plate Voltage 180 250 volts
Soreen Voltage 90 90 volts
Grid Bias -3 min, -3 min, volts
Amplifiocation Faotor 305 420
Plate Resistance 0.3 0.4 megohm
Transoconductance 1020 1050 umhos
Plate Current 6,3 6.5 ma
Soreen Current 2.5 2.5 ma
Transconductance 2 2 umhos
(At =42,5 volts bias)
MIXER - SUPERHETERODYNE CIRCUIT
Plate Voltage 250 volts
Soreen Voltage 90 volts
G6rid Bias (approximate) -7 volts

The grid bias 1s not critical with an osoillator peak voltage 1 volt less

the grid blas,

The voltage between heater and

where they are not direotly connected.

#With tube shield.

cathode should be kept as

low as possible

RAVERAGE PLATE CHRARACTERISTICS .35/5/ AVERAGE CHARACTERISTICS
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RAYTHEON

TETRODE

36

{200 DETECTOR OR AMPLIFIER
I Heater Type Glass Sulb
The 36 1s a tetrode type amplifier tube
designed for service as a high or audio
frequency amplifier or detectorin stor-
Q“ age battery or a-c operated receivers,
l.%
*Efl RATINGS
N BOTTOM VIEW 0F SOCKET
R Heater Voltage (a-c or d-o)
hﬁ Heater Current O 3 mrp
m liaximum Plate Voltage 250 volts
5/’30/10 kaximum Screen Voltage 90 volts
DIRECT INTERELECTRODE CAPACITANCES
UUUU %_ Grid to Plate 0,0C7: Uk
Input 3.7 euf
Output 9.2 el
AMPLIFIER = CLASS A
Plate Voltage 100 135 180 250 volts
Screen Voltage 55 67.5 90 90 volts
Grid Bilas ~-1.5 -1.5 -3 =3 volts
Amplification Factor 470 475 525 595
Plate Resistance 0.55 0,475 0.50 0,55 mezorm
Transoconductance 850 1000 1050 10:0 r.rhos
Plate Current 1.8 2,8 3.1 3.2 ma
Soreen Current 1.7 max, e
DETECTOR = BIASED TYPE
Plate Supply Voltage 100 180 250 volts
Screen Voltage 55 67.5 90 volts
Grid Bilas (approximate) -5 -6 -8 volts
Plate Load 0.25 0.25 0.25 megoim

Plate Current

DETECTOR - GRID LEAK TYPE

Plate Supply Voltage 135

Screen Voltage Up to 45

Grid Return to Cat:
Plate Load 0,25 m
Grid Leak Resistance 2tos

Grid Condenser 0,00025

Adjusted to 0.1 ma. witi nc ciznal

The voltage between heater and cathode should be kept
where they are not directly connected,

ag low as possible

#With tube shield

AVERAGE PLﬂTE CHHPHC TERISTICS 36 AVERAGE CHRARRCTERISTICS
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37 RAYTHEON 37

TRIODE
DETECTOR OR AMPLIFIER (3)
Heater Type Glass Buld (G

ST 120 s

The 37 is a triode type amplifier tube
designed for service as a detector or

=

amplifier in storage battery or aec
8¢ operated receivers,
A5 $)
) Q
Nef  RaTINGS
| spems aormu VIEW 0F SOCKET
Heater Voltage (a-o or d-e) volts
Heater Current 0.5 amp
”UJJU Maximum Plate Voltage 250 volts
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 2,0 puf
Input 3.6 [TUs 4
Output 2.2 puf
AMPLIFIER « OLASS A
Plate Voltage 90 138 180 260 volts
Grid Bias -8 -9 -13,5 -18 volts
Amplification PFactor 9.2 9.2 9.2 9.2
Plate Resistance 11600 10000 10200 8400 ohms
Transconductance 800 926 900 1100 umhos
Plate Current 2.8 4.1 4,3 7.5 ma

If a grid resistor 1s used, its value should not exceed 1 megohm,
DETECTOR - BIASED TYPE

Plate Voltage 90 1286 180 280 volts
Grid Bias (approximate) =10 =15 -20 -28 volta
Plate Current Adjusted to 0.2 ma, with no signal

DETECTOR - GRID LEAK TYPE

Plate Voltage 45 volts
Grid Return to Cathode
Grid Leak Resistance 1l to5 megohms
Grid Condenser 0,00026 uf

The voltage between heater and ocathode should be kept as low as possible
where they are not directly conneoted,
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38 RAYTHEON 38

PENTODE
“ POWER ALPLIFIER
o Heater Type Glass Bulb

| The 33 is a pentode type power amplifi-
§ er tuve desizned for service in the out-
X put stage of storage battery or a-o op-
’{3‘, erated receivers,

x
<
R
| RATINGS BOTTOM VIEW OF SOCKET
-
Heater Voltage (a-c or d-c) e volts
Heater Current 0.3 anp
5’2:5% llaximun Plate Voltage 250 volts
}_ ilaximum Screen Voltage 280 volts

£

«
UUUUU DIRECT II'TERELECTRODE CAPACITAICES
Grid to Plate 0,3
Input 3.5
Output 7.5

ANPLIFIER - CLASS A

Plate Voltage 100 135 180 250

Screen Voltage 100 135 1e0 250

Grid Blas: -9 -13.5 =138 =25
Amplifiocation Factor 120 120 120 120

Plate Resistance 0.14 0,13 0,115 0.1
Transconductance 875 925 1050 1200

Plate Current 7 9 14 22

Screen Current 1.2 1.5 2.4 3.8 !
Load Resistance 15000 13500 11600 10000 o8
Total Harmonics 8 10 ol L pergent
Power Output 0.27 0.55 1 2,5 watts

The voltage between heater and cathode should be kept as low as rossibvle
where they are not directly connected,

#The d-c resistance in the grid circuit should not exceed 1 megolum,
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39-44 RAYTHEON

PENTODE
~\3op-a REMOTE CUTOFF AMPLIFIER
[ Heater Type Glass Buldb
ST 120 8U8 The 39/44 1s a pentode type amplifier
! tube with remote cutoff characteristics
§ designed for service as ahigh frequency
& amplifier or mixer in storage battery or
gg a-0c operated receivers,
%
. <
o0
13 ax fx:‘ RATINGS
? Heater Voltage (a-c or d-c)
5 PRONG Heater Current
L BRSE Maximum Plate Voltage
Maximum Screen Voltage
.
UUUUU b‘,"_ DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate

Input
Output
AMPLIFIER - CLASS A

Plate Voltage 90 180
Soreen Voltage 90 90
Grid Bias -3 -3
Amplification Factor 360 750
Plate Resistance 0,375 0,75
Transconductance 960 1000
Plate Current 5.6 5.8
Soreen Current 1,6 1.4
Transoonductance 2 2

(At -42,5 volts blas)
MIXER - SUPERHBTERODYNE CIRCUIT

Plate Voltage 90 180
Soreen Voltage 90 90
Grid Bias (approximate)t -7 -7

90 volts

0,007 max:# u.u.g

3.5 120
10 put
250 volts
90 volts
-3
1050
1,0 megohm
1050 pmhos
5,8 ma
1.4 ma
2 umhos
250 volts
90 volts
-7 volts

The voltage between heater and cathode should be kept as low as possible

where they are not directly connected.

4The grid blas is not oritical with the oscillator peak voltage 1 volt less

than the grid blas,
#With tube shield,
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40 RAYTHEON 40

TRIODE
AMPLIFIER
Filament Type Glass Bulb 90 QQ
ST BULE
% The 40 1sa high mu triode type ampli=-
X fler tube designed for service as a
§ resistance coupled amplifier or detec~ oo oo
/i'm *;ﬁ tor in storage battery operated re-
Ao §| oervers BOTTOM VIEW OF SOCKET
Q
3 RATINGS
4 PRONG
MED. BRSE Filament Voltage 5.0 d-o volts
Filament Current 0,25 amp
[‘] U 7«, Maximum Plate Voltage 180 volts
o
— 11
DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 8.8 puf
Input 3.4 puf
Output 1.5 uuf
AMPLIFIER - CLASS A
Plate Supply Voltage 135 180 volts
Grid Bias ~-1.5 -3 volts
Plate Resistor 0.25 0.25 megohm
Amplification Factor 30 30
Plate Resistanoce 0.15 0,15 megohm
Transoonductance 200 200 umhos
Plate Current 0.2 0.2 ma
DETECTOR = BIASED TYPE
Plate Supply Voltage 135 180 volts
Grid Blas =3 -4,5 volts
Plate Resistor 0.25 0.25 megohm
DETECTOR - GRID LEAK TYPE
Plate Supply Voltage 135 to 180 volts
Grid Return to Poasitive Filament
Plate Resistor 0.25 megohm
Grid Leak Resistance 2 to § megohms
Grid Condenser 0,00025 nf

RAYTHEON ENGINEERING SERVICE



41 RAYTHEON 41

PENTODE
POWER AMPLIFIER
ro8us Heater Type Glass Bulb
ST 12-4
§

:*!Q The 41 1s a pentode type power amplifi-
%% er tube designed for service in the out-
. § put stage of storage battery or a-c op-
18 Pa—He erated receivers, The ratings and

electrical characteristics are 1identi-

By
cal with those of the type 6K6G,
& PEONG BOTTOM VIEW OF SOCKET
SMALL BRSE|
Wy RATINGS
R
—1 1 Heater Voltage (a-c or d-c) 6.3 volts
Heater Current 0.4 anmp
Maxinum Plate Voltage 250 volts
Maximum Screen Voltage 250 volts
ANPLIFIER - CLASS A

Plate Voltage 100 135 180 250 volts
Screen Voltage 100 135 180 250 volts
Grid Bias -7 -10 -13,5 -18 ¢t volts

Amplification Factor (approx.) 150 150 150 150
Plate Resistance (approx.) 103500 94000 81000 68000 ohms
Transconductance 1450 1600 1850 2200 pwmhos
Plate Current 9 12,5 18,5 32 ma
Screen Current 1.6 2.2 3 5.5 ma
Load Resistance 12000 10400 9000 7600 ohms
Total Harmonic Distortion 10 10 10 10 percent
Power Output 0.33 0.75 1.5 3.4 watts

Transformer or impedance input coupling devices are recommended, If resis-
tance coupling 1is used, the d-c resistance in the grid circuit should not
exceed 1 megohm with self-bilas, or 0,1 megohm with fixed-blas,

The voltage between heater and cathode should be kept as low as possible
where they are not directly connected.

tA blas of -16,5 volts and a load resistance of 7000 ohms will give power
output of 3.2 watts with 7% total harmonic distortion,

For additional curves refer to the type 6K6G.

AVERAGE PLATE CHARACTERISTICS 4/ RYERAGE CHARACTERISTICS
TRIODE CONNECTION 6K6G PENTODE CLASS R OPERRTION
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PENTODE
POWER AMPLIFIER
Heater Type Glass Bulb
STI8 BUL
s The 42 1s a pentode type power ampli-
| fler tube designed for service in the
goutput stage of storage battery or
v a-0 operated receivers. The ratings
N¢ and electrical characteristics are
e ¥ 1dentical with those of the types 6F8
aoax «X | and 6F6G.
T rarmies BOTTOM VIEW 0F SOCKET
& PRONG Heater Voltage (a-c or dec) 6.3 volta
MEQ BRSE Heater Current O:’I amp
Maximum Plate Voltage 315 volta
UU UU A Maximum Screen Voltage 315 volts
11

— AMPLIFIER - CLASS A

Pentode Connection Triode Connection

Plate Voltage 250 315 250 max, Vvolts
Screen Voltage 250 315 volta
Grid Blas -16,5 =-22 -20 volts
Amplification Factor 2001 2001 7
Plate Resistance 800001 750001 2600 chma
Transconductance 2500 2650 2700 wmhos
Plate Current 34 42 31 ma
Screen Current 6.5 8 ma
Load Resistance 7000 7000 4000 ohms
Total Harmonic Dist, 7 7 b percent
Power Output 3 5 0,85 watts
AMPLIFIER - CLASS AB - TWO TUBES
Pentode Connection Triode Connectiont
Fixed-Bias Self-Bilas Fixed-~-Bies Self-Blas
Plate Voltage 375 max, 375 max, 350 max, 350 max, volts
Screen Voltage 250 max. 250 max, volts
Grid Bias -26 min, -38 volts
Self-Bias Resistor 340 min, 730 min, ohma
Signal Pk.Volt. (G to G) 82 94 123 132 volts
No-Signal Plate Current 34 54 45 50 ma
No-Signal Screen Current 5 8 ma
Load Resistance (P to P) 10000 10000 6000 10000 ohms
Total Harmonic Dist. 5 5 7 7 percent
Power Output (approx.)# 19 194 1834 144 watts

#With one 42 triode connected as driver operatedat
grid bias of -20 volts and plate load of approximat

plate voltage of 250 volta
ely 10000 ohms.

#Input transformer ratio, primary to 1/2 secondary = 3,32
AInput transformer ratio, primary to 1/2 secondary = 2.5
w#Input transformer ratio, primary to 1/2 secondary = 1,67
¢Input transformer ratlo, primary to 1/2 secondary = 1,29
Screen connected to plate,
Approximate
For additional curves refer to the type 6F6G.
( AVERAGE PLATE CHARACTERISTICS 42 AVERAGE CHARACTERISTICS
TRIODE CONNECTION 6F6 CLASS A= AMPLIFIER
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43 RAYTHEON 43
PENTODE
T POWER AMPLIFIER
lieater Type Glass Bulb
ST BULE
The 43 1s a pentode type power ampli-
> fler tube designed for service in the
§ output stage of a-c - d-c receivers,
§‘ Ti.e ratings and electrical character-
V. xS istics are identical with those of the
@ s TS| types 25A6 and 25A6G.
N
N BOTTOM VIEW OF SOCKET
6 PRPONG
MER BASE RATINGS
lleater Voltage (a~o or d-c) 25 volts
3 lleater Current 0.3 amp
‘:r liaximum Plate Voltage 180 volts
— !laximum Soreen Voltage 135 volts
AU'PLIFIER - CLASS A
Plate Voltage 95 135 180 volts
Screen Voltage 95 135 135 volts
Grid Blas =15 -20 -20 volts
Amplification Factor (approximate) 90 85 100
Plate Resistance (approximate) 45000 35000 40000 ohms
Transconductance 2000 2450 2500 umhos
Plate Current 20 37 38 ma
Screen Current 4 8 7.5 ma
Load Resistance 4500 4000 5000 ohms
Total iiarmonic Distortion 11 9 10 percent
Power Output 0.9 2 2,75 watts

lleater to cathode bias should not exceed 90 volts d-c,

the negative heater terminal and the cathode,

For additional curves refer to the type 25A

6G.
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45 RAYTHEON 45

TRIODE
POWER AIIPLIFIER
Filament Type Glass Bulb % 09
STI? BULB
§ The 45 1sa triode type amplifier tube
xX designed for service in the output
¢ stage of a=c operated receivers, 00 %
v o] )
s amnr § BOTTOM VIEW OF SOCKET
0| RATINGS
Ay
Heater Voltage (a-c or d-c) 2.5 volts
4 PRONG lieater Current 1.5 amp
MED. BRSE Maximum Plate Voltage 275 volts
a
“ia| DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 7 pef
Input 4 e f
Output 3 upf
AMPLIFIER - CLASS A
Plate Voltage 180 250 275 volts
Grid Biast -31.5 -50 -56 volts
Amplification Factor 3.5 3.5 3.5
Plate Resistance 1650 1610 1700 ohms
Transconductance 2125 2175 2050 wlios
Plate Current 31 34 36 na
Load Resistance 2700 3900 4600 ohms
Power Output (5% second harmonic) 0.825 1.6 2 watts
ANMPLIFIER - PUSU~PULL - CLASS AB - TWO TUBES
Fixed-Blas Self-Bias
Plate Voltage 275 275 volts
Grid Blast -68 volts
Self-Blas Resistor 775 ohris
ilo-Signal Plate Current (per tube) 14 36 ma
Max,=-Signal Plate Current (per tube) 69 45 na
Load Resistance (plate to plate) 3200 5060 ohns
Total Harmonic Distortion 5 5 percent
Power Output 18 12 watts
Average Power Input (grid to grid) 656 461 mv/
+Grid Bilas measured from mid-point of a-c operated filament,
RAYERAGE PLATE CHARACTERISTICS a5 RVERAGE CHRRACTERISTICS
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46 RAYTHEON 46

DUAL GRID TRIODE

POWER AMPLIFIER (N
Filament Type Glass Bulb G}
ST15 808 \
The 46 1s a dual grid type power am- (2]
plifier tube designed for service in D GD
§‘ ch; output stage of a-o operated re-
X celvers, Q o
/I M)
25708, e O ©
S| marivos BOTTOM VIEW OF SOCKET
Us|  Filament Voltage (a-c or d-o) 2.5 volts
Filament Current 1,75 amp
5 PEONG
MER BRSE AMPLIFIER = CLASS B - TWO TUEES
Grid #1 Connected to Grid #2
x
UUUUU h"’l Maxirmmm Plate Voltage 400 volts
- Maximm Peek Plate Current (per tube) 200 ma
Maximm Average Plate Diss, (per tubs) 10 watts
Typiocal Operation:
Plate Voltage 300 400 volts
Grid Blast [o] (o} volts
No-Signal Plate Current (per tube) 4 6 ma
Load Resistance (plate to plate) 5200 5800 ohms
Power Output (approximate) 16 20 watts
Average Power Input (grid to grid) 950 650 mw

AMPLIFIER « OLASS A
Orid #2 Connected to Plate

Plate Voltage 250 max, volts
Grid Biast -33 volts
Amplification Factor 5,6

Plate Resistance 2380 ohms
Transcondustanoce 2350 pmhos
Plate Current 22 ma
Load Resistance 64001 ohms
Power Output (5% second harmonic) 1.25 watts

4Grid bias measured from mid-point of a-o operated filament,

{Approximately twice this value 18 recommended when the tube is used as a
driver for a Class B stage.
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47 RAYTHEON 47

PENTODE
POWER AMPLIFIER
Filament Type Glass Pulb
ST/ 8UL8
The 47 1& a pentode type power am=
plifier tube designed for service
: in the output stage of a-c operated
§ receivers,
T
3 RATINGS BOTTOM VIEWOF SOCKET
';‘ Filament Voltage (a-c or d-¢) 2,5 volts
Filament Current 1.75 amp
Maximum Plate Voltage 250 volts
5 PRONG
Prg iR Maximum Soreen Voltage 250 volts
””U”U ~"*n AMPLIFIER - OLASS A
___t1
Plate Voltage 250 volts
Soreen Voltage 250 volts
Grid Blast =16,5 volts
Amplification Factor 150
Plate Resistance 60000 ohms
Transconductance 2500 umhos
Plate Current 31 ma
Screen Current 6 ma
Load Resistance 7000 ohms
Total Harmonle Distortion 6 percent
Power Output 2,7 watts

#Grid blas measured from mid-point of a-o operated filament.

AVERAGE PLATE CHARACTERISTICS 47 AYERAGE CHREACTER/STICS
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48 RAYTHEON 48

PENTODE
POWER AMPLIFIER
Heater Type Glass Bulb
ST /6 BULB
¥ The 48 1s a pentode type power am-
& plifier tube designed for service
) in the output stage of d-o receivers.
3
24 3 RATINGS
MAX. ING
kS BOTTOM VIEW OF SOCKET
Heater Voltage (a-c or d-c) 30 volts
Heater Current 0.4 amp
Maximum Plate Voltage 125 volts
Maximum Screen Voltage 100 volts
& PRONG
MER BASE
AMPLIFIER -~ CLASS A
.
UU UU ) Pentode Connection Triode Connectiont
Plate Voltage 96 125 80 125 volts
Screen Voltage 96 100 volts
Grid Blas] -19 -20 -20 -32.5 volts
Amplification Factor Subject to 2.5 2.5
Plate Resistance Considerable Variation 760 675 ohms
Transconductance 3800 3900 3300 3700 umhos
Plate Current 52 56 31 52 ma
Soreen Current 9 9.5 ma
Load Resistance 1500 1500 ohms
Total Harmonic Dist, 9 9 percent
Power Output 2 245 watts

AMPLIFIER - CLASS A - PUSH-PULL - TWO TUBES

Pentode Connection Triode Connectiont

Plate Voltage 125 125 volts
Screen Voltage 100 volts
Grid Blas -20 -32.5 volts
No-Signal Plate Current (per tubve) 56 52 ma
Load Resistance (plate to plate) 3000 1250 ohms
Total Harmonic Distortion 9 2 percent
Power Output 5 2.1 wattse

The voltage between heater and cathode should not exceed 90 volts where
they are not directly connected.

iThe d-o resistance in the grid oircult should not exceed 10000 ohms.
4Soreen Grid connected to plate
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49 RAYTHEON 49

DUAL GRID TRIODE

Filament Type

8T8 BULS

receivers,

POWER AMPLIFIER

Glass Bulb (3)

‘@

The 49 13 a dual grid type power am-

plifier tube designed for service in GD @o
6’%

the output stage of battery operated

RATINGS BOTTOM VIEW OF SOCKET

5PRONG Filament Voltage 2.0 d-c volts
MEDR BASE Filament Current 0.12 amp
__4 Maximum Plate Voltage 180 volts

Y
iy
UUU””__i__ AMPLIFIER - CLASS B - TWO TUBES
Grid #1 connected to Grid #2

Maximum Plate Voltage

Maximum Peak Plate Current (per tube)
Typical Operation:

Plate Voltage

Grid (#1 and #2) Blas

No-Signal Plate Current (per tube)

Load Resistance (plate to plate)

Power Output (approximate)

AMPLIFIER - CLASS A

180 volts

50 ma
135 180 volts
0 o volts
1,3 2 ma
8000 12000 ohms
2.3 3.5 watts

Grid #2 connected to plate

Plate Voltage

Grid (#1) Blas
Amplification Factor
Plate Resistance
Transconductance

Plate Current

Load Resistance

Power Output (approximate)

135 max, volts

-20 volts
4.7
4175 ohma
1125 ohms
6 ma
11000 ohms
0.17 watts

#Approximately twice this value 1s recommended when the tube is used as a

driver for a Class B stage.

RVERAGE PLATE CHRRACTERISTICS 49
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50 RAYTHEON 50

TRIODE

POWER AMPLIFIER 9 Q
Filament Type Glass Bulb 0 0
ST-19 8ULB
The 50 1is a triode type power am-
plifier tube designed for servioe Q 0
in the output stage of radio re- 0 o
celivers,
§ BOTTOM VIEW OF SOCKET
Yy  RATINGS
<
§
n Filament Voltage (a~oc or d-c) 7.5 volts
“ Filament Current 1.25 amp
Maximum Plate Voltage 450 volts
ﬁmo
NER RSE AMPLIFIER - CLASS A
] Plate Voltage 300 350 400 450 volts
U U oy Grid Blast -54 =63 -70 -84 volts
JS D | Amp, Faotor 3.8 3,8 3.8 3.8

Plate Resistance 2000 1900 1800 1800 ohms

Transconductanoe 1900 2000 2100 2100 umhos

Plate Current 35 45 55 55 ma

Load Resistanoce 4600 4100 3670 4350 ohms
Power Output 1,6 2.4 3.4 4,6 watts
(5% second harmonic)

Self-Bilas 1s recommended for all operating -conditions,
The d-c¢ resistance in the grid circuit should not exceed 10000 ohms,

1Grid Bias measured from mid-point of a-o operated filament,

AVERAGE PLATE CHARACTERISTICS 50 RVERRGE CHARACTERISTICS
Ep=7.5%0C AMPLIFIER CLASS A
Ep=7.5%AC Ep=g50" Eg=-84Y
SIGNAL APJUST T0 Ig= 1 msa.
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52 RAYTHEON 52

DUAL GRID TRIODE

POWER AMPLIFIER
Filament Type Glass Bulb
ST14 BULE
N The 52 1s a dual grid type power am-
Q plifier tube designed for service in
3 the output stage of storage battery op-
'Ng erated receivers.
TE—E
¥ RATINGS
W BOTTOM VIEW OF SOCKET
Filament Voltage (a-c or d-c) 6,3 volts
5 PRONG Filament Current 0,3 amp
MEQ BRSE Maximum Plate Voltage 180 volts
Q00
AMPLIFIER - CLASS B - TWO TUBES
—t Grid #1 connected to Grid #2
Maximum Plate Voltage 180 volts
Maximum Peak Plate Current (per tube) 75 ma
Typical Operation:
Plate Voltage 180 volts
Grid (#1 and #2) Blas 0 volts
No-Signal Plate Current (per tube) 1.5 ma
Load Resistance (plate to plate) 10000 ohns
Power Output 5 watts
AMPLIFIER - CLASS A
Grid #2 connected to plate
Plate Voltage 100 110 max, Vvolts
Grid (#1) Blas o] 0 volts
Amplification Factor 5.2 5.2
Plate Resistance 1900 1750 ohmns
Transconductance 2700 3000 umhos
Plate Current 37 43 ma
Load Resistance 2000 2000 ohms
Power Outputs# 1.2 1.5 watts

#Driving power will be required in either single tube or push-pull oper-
ation. One type 6A4/LA 1s recommended as a driver tube. An input trans-
former ratio, primary to 1/2 secondary, of 3,0, with a 3000 ohm resistor
connected across each half of the secondary is recommended,

RVERARGE &L:;g gHHRﬁCTEPIJ TICS 52 AVERAGE PLATE CHRRACTERISTICS
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53 RAYTHEON 53

TWIN TRIODE
POWER AMPLIFIER
Heater Type Glass Buld
ST18 BUS
% The 53 1s a twin triode type amplifi-
§ er tube designed for service as a
QQ Class B amplifier in the output stage
an .3~ of a-o operated receivers.
- §
o
R|  RATINGS BOTTOM VIEW OF SOCKET
MR BASE Heater Voltage (a-o or d-o) 2,6 volts
855008 P Heater Current 2,0 amp
clecLe Maximum Plate Voltage 300 volts
¥ Maximum Peak Plate Current (per plate ) 125 ma
UUJUU Maximm Average Plate Dissipstion 10 watts
AMPLIFIER - CLASS b
Plate Voltage 250 300 volts
Grid Blas 0o 0o volts
No-Sisnal Plate Current (per plate) 14 17,6 ma
Load sistance (plate to plate) 6000 10000 ohmsa
Power Output (approximate) 10 watts

(With average power input = 360 mw, grid to gx-id)

AMPLIFIER = OLASS A DRIVER - TRIODES CONNECTED IN PARALLEL

Plate Voltage 260 294 volts
Grid Blast =5 -6 volts
Awmplifiocation Faotor 36 35

Plate Resistance 11300 11000 ohms
Transconductance 3100 3200 umhos

Plate Current 7

Load Resistance - Depends on the design of the tollowing Class B amplirier.
Usually between 20000 and 40000 ohms,

Power Output 400 mw

4The d-o resistance in the grid circuit should not exceed 0.5 megohm with
self-bias or 0,1 megohm with fixed-bias,

For oharacteristio ourves refer to the types 6A6 and 6N7G, The charaoter-

i1stios of the 63 are the same as those of the 6A6 and the 6N7G except for
the heater rating,

RAYTHEON ENGINEERING SERVICE



55 RAYTHEON 55

DUO-DIODE TRIODE
i385 DETECTOR AMPLIFIER
e 1 Heater Type Glass Bulb

STiZomms The 551s a duoediode triode type ampli-

§ fler tube designed for service as a
¥ oombined diode detector, AVC rectifier
Q,% and audio frequency amplifier in a-o

N
:x' operated receivers,
. Ny
AaAS
N| RATINGS
n
6 PRONG Heater Voltege (a-o or d-c) 2.5 volts
SMALL BRSE| Heater Current 1.0 amp
m m Maximum Plate Voltage 250 volts
=
iy

DIRECT INTERELECTRODE CAPACITANCES -~ TRIODE SECTION

Grid to Plate 1.7 unf
Input 2,0 put
Output 3.5 puf

AMPLIFIER - CLASS A - TRIODE SECTION

Plate Voltage 135 180 250 volts
Grid Blas -10.5 -13.5 =20 volts
Amplification Factor 8,3 8.3 8,3

Plate Resistance 11000 8500 7500 ohms
Transconductance 750 975 1100 umhos
Plate Current 3.7 6 8 ma
Load Resistance 25000 20000 20000 ohms
Power Output 75 160 300 mw

DIODE SECTION

The two dlode units are independent of each other and of the triode section
except for the common cathode, The dlodes may be used as a half wave or as
a full wave rectifier; or one dlode maybe used as a half wave rectifier for
deteotion and the other dilode used as a rectifier to obtaln delayed AVC volt-
age,

For characteristic curves refer to the type 85. The characteristics of the
55 are the same as those of the 85 except for the heater rating,
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56 RAYTHEON 56
TRIODE (3
DETECTOR OR AMPLIFIER D,
Heater Type Glass Bulb
ST 12-0 88
¥ The 56 is a triode type amplifier tube (2]P) ([0
& designed for service as a detector or
IMe amplifier in a-c operated receivers.
~%
goa ] § W) (K
B0 D )
oyg| RATINGS
) BOTTOM VIEW OF SOCKET
5 PRONG Heater Voltage (a-c or d-c) 2,5 volts
SMOLL BRSE Heater Current 1,0 amp
Maximum Plate Voltage 250 volts
a
UUUUUl_ DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 3.2 nut
Input 3.2 [ViTh o
Output 2,2 puf
AMPLIFIER - OLASS A
Plate Voltage 100 250 volts
Grid Biast -5 -13,5 volts
Amplification Factor 13.8 13.8
Plate Resistanoce 12000 9500 ohma
Tranaconductance 1150 1450 pmhos
Plate Current 2.5 5 ma
DETECTOR - BIASED TYPE
Plate Voltage 100 250 volts

8!
Grid Blas (approximate)
Plate Current
DETECTOR = GRID LEAK TYPE
Plate Voltage
Grid

Grid Leak Resistance
Grid Condenser

The voltage between heater and cathode
where they are not directly conneoted.

tThe d-o resistance in the grid oircuit

For characteristic curves refer to the type 76,

should be kept as

-20 volts

-8
Adjusted to 0.2 ma, with no signal

45 volts
Return to Cathode
1 to S5 megohms
0,00025 ue

low as possible

should not exceed 1 megohm,

The characteristics of the

56 are the same as those of the 76 except for the heater rating,
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57 RAYTHEON 57

PENTODE
o DETECTOR OR AMPLIFIER
i F Heater Type Glass Bulb
The 57 i1s a pentode type amplifier tube
ST 12C BULB designed for service as a detector or
high frequency amplifier in a-o operata
% ed receivers,
b3
§ RATINGS
R
A
Heater Voltage (a-o or d-o) 2.5 volts
15 on § Heater Cu.rre%t ) 1,0 amp BOTTOM VIEW OF SOCKET
4 Mar B Maximum Plate Voltage 250 volts
4? Maximum Soreen Voltage 100 volts
& PRONG DIRECT INTERELECTRODE CAPACITANCES
smaLL BRSE| Pentode Connection Triode Connectiont
Grid to Plate 0,007 max,# 2,0 n
T Input 5.0 3,0 uut
UD Dﬂ laly Output 6,5 10.5 uuf
11
AMPLIFIER - CLASS A
Pentode Conneoctior Triode Connectiont
Plate Voltage 100 250 250 volts
Screen Voltage 100 100 volts
Grid Bias -3 -3 -8 volts
Suppressor Connected to Cathode at Socket
Amplification Factor 1185 1500 min, 20 approx,
Plate Resistance 1 1.5 min, 0,0105 megohm
Transconduotance 1185 1225 1900 pmhos
Plate Current 2 2 6.5 ma
Soreen Current 0.5 0.5 ma
Grid Blas (approximate) -7 -7 volts

(For cathode current cutoff)

DETECTOR - BIASED TYPE

Plate Supply Voltage 100 100 250 250 volts
Screen Voltage 12 30 50 100 volts
Grid Bias -1,16 =-1,83 -1,95 -4,3 volts
Cathode Resistor 18000 10000 3000 10000 volts
Suppressor Connected to Cathode at Socket
Cathode Current (no sig.) 0,063 0,183 0.65 0,43 ma
Plate Resistor 1.0 0.25 0,25 0.5 megohm
Blocking Condenser 0,01 0,01 0,03 0,03 uf
Grid Resistor (for following tube) 1,0 0.5 0.25 0,25 megohm
R-F Signal Voltage (RMS) 1,05 1.6 1 18 1,37 volts
Output Peak Voltage 17 17 pi4 volts

(At grid of following tube with signal modulated 20%)
The voltage between heater and cathode should be kept as low as possible
where they are not directly connected.
The shield in the dome of the tube 1s connected internally to the cathode.
#With tube shield
1Grids #2 and #3 connected to plate

For characteristic curves refer to the type 6J7G.The oharacteristiocs of the
57 are the same as those of the 6J7G exocept for the heater rating.
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58 RAYTHEON 58

PENTODE
{3850 REIIOTE CUTOFF AMPLIFIER
leater Type Glass Bulb
ST 12-C BULB .The 58 1s a pentode type amplifier tube
| with remote cutoff characteristics de-
§ signed for servicc as a high frequen-
Y cy amplifier or mixer in a-c operated re-
TQ‘Q ceivers,
| | *Q\
bz || rarnies BOTTOM VIEW OF SICKET
& max_ |
k@ Heater Voltage (a-c or d-c) 2,5 volts
Heater Current 1.0 amp
6 PEONG laximum Plate Voltage 250 volts
SMALL liaximm Screen Voltage 100 volts

DU m N DIRECT INTERELECTRODE CAPACITAIICES
‘g

Grid to Plate 0,007 max# puuf
Input 5.0 puf
Output 6,5 uuf

ANPLIFIER - CLASS A

Plate Voltage 100 250 volts
Screen Voltage 100 100 volts
Grid Blas -3 -3 volts
Suppressor Connected to Cathode at Socket
Amplification Factor 375 1280

Plate Resistance 0,25 0.8 megohm
Transconductance 1500 1600 umhos
Plate Current 8 8.2 ma
Screen Current 2.2 2 ma
Grid Bias for Transconductance = 2 umhos =50 -50 volts

MIXER - SUPERHETERODYNE CIRCUIT

Plate Voltage 100 250 volts
Screen Voltage 100 100 volts
Grid Blas t -10 -10 volts
Suppressor Connected to Cathode at Socket

The voltage between heater and cathode should be kept as low as possible
where they are not directly connected.

The shield in the dome of the tube is connected internally to the cathode,

4The grid blas 1s not critical with an oscillator peak voltage 1lvolt less
than the grid blas,

#With tube shield.

For characteristic curves refer to the types 6D6 and 6U7G, The character-
1stics of the 58 are the same as those of the 6D6 and the 6U7G.
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59 RAYTHEON 59

PENTODE
TRIPLE GRID POWER AMPLIFIER
Heater Type Glass Bulb

ST 16 8UL8

The 59 is a triple grid type power
amplifier tube designed for service
as a Class A triode,Class A pentode
or Class Btriode power amplifier in
the output stage of a-c operated re-
ceivers,

57 M8y,

BOTTOM VIEW OF SOCKET

RATINGS

37,
47 mAx.

Heater Voltage (a-c or d-c) 2.5 volts

7 PRONG Heater Current 2.0 amp
MER BASE Maximum Plate Voltage - Class A 250 volts
“eiecLE Maximum Plate Voltage - Class B 400 volts

} Maximum Screen Voltage 250 volts
<
O
1

AMPLIFIER - CLASS A
Triode Connectliont Pentode Connection}

Plate Voltage 250 250 volta
Sereen (Grid #2) Voltage 250 volte
Grid (#1) Bias -28 ~18 volts
Amplification Factor 6 100

Plate Resistance 2300 40000 ohms
Transconductance 2600 2500 umhos
Plate Current 26 35 ma
Sereen Current 9 ma
Load Resistance 5000+ 6000 ohms
Total Harmonics 5 7 percent
Power Output 1.25 3 watts

AMPLIFIER - CLASS B - TWO TUBES
Grid #1 connected to grid #2
Grid #3 connected to plate

Maximum Plate Voltage 400 volts
Maximum Peak Plate Current (per tube) 200 ma
Maximum Average Plate Dissipation (per tube) 10 watts
Maximum Average Grid (#1 and #2) Dissipation (per tube) 1.5 watts
Typical Operation:
Plate Voltage 300 400 volts
Grid (#1 and #2) Bias o] o} volts
No-Signal Plate Current (per tube) 10 13 ma
Load Resistance (plate to plate) 4600 6000 ohma
Power Output (approximate) 15 20 watts

The voltage between heater and cathode should be kept as low as possible
where they are not directly connected,

Grids #2 and #3 connected to plate.

Grid #3 connected to cathode.
#Approximately twice this value i1s recommended when the tube 1s wused as
driver for a Class B stage.

RVERRGE PLRTE CHARACTERISTICS 59 RVERRGE PLATE CHRARRCTERISTICS
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71A RAYTHEON
TRIODE
1 POWER AMPLIFIER
Filament Type Glass Bulb
ST BULS
§ The 71-A 1sa triode type power ampli-
& fier tube designed for service in the
X¢ output stage of storage battery oper-
/i'& ;“* ated receivers.
R
Te
) RATINGS
& 200N9 Filament Voltage (a-c or d-o)
MR BRSE Filament Current
Maximum Plate Voltage
L)
I =
——L AMPLIFIER - OLASS A
Plate Voltage 90 135
Grid Blas¢ -16.5 =27
Amplification Factor 3 3
Plate Resistance 2170 1820
Transconductance 1400 1650
Plate Current 10 17.3
Load Resistance 3000 3000
Total Harmonic Diastortion 5 5
Power Output(6% second harmonic) 125 400

2\

BOTTOM YIEW OF SOCKET
5 volts
0,25 amy:
180 volte
130 volts

-40,5 volts
3
1750 ohma
1700 umhos
20 ma
4800 ohms
5 percent
790 mw

1Grid bilas measured from negative end of d-o operated filament,
resistor is used, its value should not exceed 0,5 megohm,

RAYTHEON ENGINEERING SERVICE
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75 RAYTHEON 75

DUO-DIODE TRIODE

. DETECTOR AI’PLIFIER
LM lieatcr Type Glass Bulb
ST 12:08U8 The 75 1s a duo-dicde triode type am-

& plirier tube dcsigned for service as a
N thined <lode detector, AVC rectifier
1 resic tance ccupled audio frequency
ﬂr'lifier in storage batteryor a-c op-
erated recclvers, The ratings and eleo=~

trical characteristics are identical BOTTOM VIEW OF SOCKET
vith tTiose of the tyre 6L0G,

o
6 PEONG
SMALL BASE|
¥
ko

RATINGS
lieater Voltage (a-c or d-o) 643 volts
licater Current 0,3 amp
llax, Plate Voltage 250 volts

DIRECT I:TERELECTRODE CAPACITALCES

Grid to rlate 1.7 ppf
Input 2.0 uuf
Output 3.8 uuf
ALPLIFIER - CLASS A - TRIODE SECTION
Plate Voltage 250 volts
Grid Plas -2 volts
Amplification Factor 100
Plste Reslstence 01000 ohms
Transconductance 1100 pmhcs
Plste Current 1 via

DIODE SECTION

" esc: cther and  of the triode seotion cx=
diodes may bec used ac a half wave or as a

¢odes are inlependert
¢n cathode,

1 ne diodo may —e used as a helf wave reotifier for
detectlon and the ~ther diode used =z a rcctiiler to obtain delayed AVC

voltaze,

The voltace between hoater and cathode should be kept as low 2s possible
where thoy are not directly connected,

AVERRGE PLATE CHARACTERISTICS 75 RYERAGE CHARACTERISTICS,
TRIODE SECTION 6866 TRIODE SECTION
£7=6.3 Ef=6.3
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76 RAYTHEON 76

TRIODE
DETECTOR OR AWPLIFIER (3)
i
720808 ileater Type Glass Bulb G/
% The 76 1s a triode type amnlifier tube
§ decizncd for service as a deteotor or GD ‘)
-:*IQ amplifier in storage battery or a-c¢ op-
' ¥ erated recelivers. Q 0.
R
S O ©
N RATINGS
- BOTTOM VIEWOF SOCKET
SMALL BRSE lleater Voltage (a-c or d-o) 6,3 volts
lieater Current 0.3 amp
UUUUU - waxirum Plate Voltage 250 volts

DIRECT INTERELECTRODE CAPACITANCES

Grid to Plate 2.8 it
Input 345 puf
Output 2.5 wuf
AMPLIFIER - CLASS A
Plate Voltage 100 250 volts
Grid Blast -5 =13,5 volts
Amplification Factor 13.8 13,8
Plate Reslistance 12000 9500 ohms
Transcondquctance 1150 1450 wmhos
Plate Current 2.5 5 ma
DETECTOR - BIASED TYPE
Plate Voltage 100 250 volts
Grid Bias (approximate) -9 -20 volts
Plate Current Adjusted to 0.2 ma, with no signal
DETECTOR - GRID LEAX TYPE
Plate Voltace 45 volta
Grid Return to Cathode
Grid Lealt Resicstance 1l to 5 megohms
Grid Condensecr 0,00025 uf

The voltage between hcater and cathode should be kept as low as possible
where they are nct direotly connected.

$The d-c resistance 1n the grid oircuilt should not exceed 1 megohm,

AVERAGE PLATE CHARACTERISTICS 76 AVERAGE CHRRACTERISTICS
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77 RAYTHEON 77

PENTODE
~S6o-a DETECTOR OR AMPLIFIER
Heater Type Glass Buldb

The 77 1s a pentode type amplifier tube
designed for servide as a detector or

ST 12-0 BULB high frequency amplifierin storage bat-

@p

§ tery or a-c operated receivers.
59‘ RATINGS
§Y )

. Heater Volt. (a~oor d-0) 6.3 volts
’j:x w Heater Gurrx 0.3 amp BOTTOM YIEW OF SOCKET

%‘ Max., Plate Valtage 250 volts

Max, Sexreen Veltage 100 volts

6 PEONG
SMALL BRSE] DIRECT INTERELECTRODE CAPACITANCES
m te Grid to Plate 0.007 max.# uuf
Input 4,0 T8 o
—tt utput 11 S
AMPLIFIER - OLASS A
Plate Voltage 100 250 volts
Soreen Voltage 60 100 volts
Grid Bias -1.5 =3 volts
Suppressor Connected to Cathode at Soocket
Amplification Factor 715 1500

Plate Resistance (approx.) 0.65 1.5 megohms
Transconductance 1100 1250 upmhos
Plate Current 1.7 2.3 ma
Soreen Current 0.4 0,6 ma
Grid Bias (approx,) -5.5 =7.5 volts

(For cathode current outoff)

DETECTOR - BIASED TYPE

Plate Supply Voltage 100 250 250 volta
Soreen Voltage 36 50 100 volts
Grid Blas ~1,95 -1,95 -4,3 volts
Cathode Resistor 12500 3000 10000 ohms
Suppressor Connected to Cathode at Socket
Cathode Current (no signal) 0,155 0.65 0,43 ma
Plate Reslstor 0.25 0.25 0.5 megohm
Blocking Condenser 0,01 0,03 0,03 ue
Grid Resistor (for following tube) 0,25 0.25 0.25 megohm
R-F Signal Voltage (RMS) 1,88 1.18 1,37 volts
Output Peak Voltage 14 7 7 volts

(At grid of following tube with signal modulated 20%)

When a resistor is used in the grid cirouit, its value should not exceed
1 megohm,

The voltage between heater and cathode should be kept as low aa possible
where they are not directly conneoted.

The internal shield 1s connected to the screen grid within the tube.

#With tube shield

AVERAGE PLATE CHRRRCTERISTICS 77 RAVERRGE CHRARACTERISTICS
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RAYTHEON

PENTODE
REMOTE CUTOFF AMPLIFIER
Heater Type Glass Bulb

The 78 13 a pentode type amplifier tube
with remote cutoff charaocteristios de=
signed for servioce as a high frequenocy
amplifier or mixer in storage bdattery
or a=¢ operated receivers, The ratings
and electrical characteristics are iden-
tiocal with those of the types 6K7 & 6K7G,

RATINGS
Heater Voltage (a-c or d-o) 6,3 volts
Heater Current 0.3
Maximum Plate Voltage 250 volts
Maximum Soreen Voltage 125 volts
HD [ﬂ s )} DIRECT INTERELECTRODE CAPACITANCES
Grid to Plate 0,007 max,# uuf
Input 4,0 puf
Output 11 wt
AMPLIFIER - CLASS A
Plate Voltage 90 180 260 260 volts
Soreen Voltage 90 756 100 125 volts
Grid Blas -3 =3 -3 -3 min,volts
Suppressor Connected t» Cathode at Sooket
Amplification Factor 400 1100 1160 990
Plate Resistance 0,316 1,0 0.8 0,6 megohm
Transconductance 1276 1100 1450 1650 pmhos
Plate Current 5.4 4 7 10.6 ma
Soreen Current 1,3 2 1,7 2.6 ma
Grid Blas =38,6 «32,56 -42,5 =62,56 volts
(For tranaconductance = 2 pumhos)
MIXER - SUPERHETERODYNE CIRCUIT
Plate V@ltage 250 volts
Soreen Voltage 100 volts
Grid Blast =10 volts
Suppressor Connected to Cathode at Socket

The voltage between heater and oathode should be kept as low as possible
where they are not directly connected,

The internalshield 1s connected to the cathode within the tube.

4The grid bias 1s not oritical with an oscillator peak voltage 1 volt less
than the grid bias,

#With tube shield.

For additional ocurves refer to the type 6K7G.
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79 RAYTHEON 79

TWIN TRIODE
POWER ALIPLIFIER
Heater Type Glass Bulb

The 79 1s a twin tricéde type power am-
plifier tube desicned for service as a
Class B amplifier in the output stage of
storage battery or a-c operated receiv-
ers, The ratings and electrical charac-
teristics are identical with those of

B the type GXTG. BOTTOM VIEW OF SOCKET
& PRONG RATINGS
SMALL BRSE
Heater Voltage (a-c or d-c¢) 6.3 volts
leater Current 0,8 amp
l.eximum Plate Voltage 250 volts
aximum Peak Plate Current (rer nlate) S0 na
iiaximum Average Plate Dissipation 11.8 watts
i?LIFIER - CLASS B
Plate Voltage 1c0 280 volts
Grid Blas 0o o] volts
No-Signal Plaie Current (per plate) 3.8 5.3 ma
Load Resistance (platc to plate) 7000 140C0 oh::s
Power Output (ap-reximate) 19} 8 watts

(With average power input = 3CC mw, grid to crid).

The voltare between heater and cathcede should be kept as low as posaible
where they are not cdirectly comnected.

For additional curves refer to the type 6Y7G.
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80 RAYTHEON 80

TWIN DIODE
r FULL WAVE HIGH VACUUM RECTIFIER
‘ Filament Type Glass Bulb % QQ
ST BULS -
§| The 80 1s a full wave high vacuum type
L. rectifier tube designed for serylce in
&% power supplies for a-c operated receiv-
ers.The ratirgs and characteristics are OQ %
lf& B identical with those of types 5Y3G and
5Y4G. BOTTOM VIEW OF SOCKET
FULL WAVE RECTIFIER ~ OONDENSER INPUT FILTER
S PLPONO
MER BRSE Filament Voltage 5 a-c volts
Filament Current 2 amp
T Maximum A-C Voltage per Plate (RIS)350 400 volts
’N\ Maximum Inverse Peak Voltage 1000 1100 volts
L Maximum Peak Plate Current 400 350 ma
Maximum D-C Output Current 125 110 ma

FULL WAVE RECTIFIER - CHOKE INPUT FILTER s

Filament Voltage 5 a=c volts
Filament Current 2 amp
Maximum A-C Voltage per Plate (RMS) 550 volta
Maximum Inverse Peak Voltage 1500 volts
Haximum Peak Plate Current 300 ma
Maximum D=-C Output Current 135 ma
AVERAGE TUBE VOLTAGE DROP 60 volts

(At 135 ma. output current per plate)

#Input Choke must be at least 20 henrys. An Input Condenser
of not more than 0.1 uf may be used.

YT CHRRACTERISTICS 80 RVERRGE PLRTE
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81 RAYTHEON 81

DIODE
HALF WAVE HIGH VACUUM RECTIFIER

Filament Type Glass Bulb 60 Q’Q

ST 16 8ULE

The 81 18 a high vacuum type half

wave rectifier tube designed for

service 1in high voltage power sup- 00‘%
plies,

BOTTOM VIEW OF SOCKET
HALF WAVE RECTIFIER
Condenser or Choke Input Filter
Filament Voltage 7.5 a-c volts
Filament Current 1,25 amp
“_”"”0 Maximum A-C Plate Voltage (RMS) 700 volts
NED. BRSE Maximum D-C Output Current 85 ma
.
H U n FULL WAVE RECTIFIER - TWO TUBES
- Condenser or Choke Input Filter
Filament Voltage 7.5 a=-c volts
Filament Current per Tube 1.25 amp
Meximum A-C Voltage per Plate (RMS) 700 volts
Maximum D-C Output Current 170 ma
AVERAGE TUBE VOLTAGE DROP 91 volts

(At 170 ma, output ourrent)

AVEPAGE OUTPUT CHARACTERISTICS 8/ RAVERAGE Péﬂr[ CHARRCTERISTICS
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82 RAYTHEON 82

TWIN DIODE

FULL WAVE MERCURY VAPOR RECTIFIER e?
Filament Type Glass Bulb 0 QQ
ST BULB
& The 82 18 a full wave mercury vapor
X reotifier tube designed for service
Xt¢ 1in power supplies for a-c operated 00 %
,"‘A-ﬂ‘ =Y Treceivers,
,§ BOTTOM VIEW OF SOCKET
S| FULL WAVE RECTIFIER
4P0OND Filament Voltage 2,5 a-c volts
MED. BRSE Filament Current 3 amp
Maximum A-C Voltage per Plate (RMS) 500 volts
. Maximum Inverse Peak Voltage 1400 volts
f}f Maximun Peak Plate Current 400 ma
— Maximum D=C Output Current 125 ma
Tube Voltage Drop (approximate) 15 volts

(Independent of output ourrent)

Shielding of this tube, particularly in sensitive receivers, may be necess-
ary to eliminate objectionable noise,

Radioc frequency chokes (1 mh, or more) connected in series with each plate
lead and placed within the shielding, if used, are usually nesessary in re-
ceivers having high sensitivity.,

Full plate load should not be applied to this tube until the filaments have
reached their normal operating temperature. Under normal operating condi-
tions the filaments heat quickly when the set 1s turned on and are ready
to supply full load current before the tubes in the receiver require it.

82
AVERRGE OUTPUT CHRRACTERISTICS
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83 RAYTHEON 83

TWIN DIODE
FULL WAVE MERCURY VAPOR RECTIFIER e)
Filament Type Glass Buld OQ
ST 15 8UL8
The 83 1s a full wave mercury vapor
»x Tectifler tube designed for service
§ in power supplies for a-c operated OQ 00
H receivers
Yo .
x L) BOTTOM VIEW OF SOCKET
; FULL WAVE RECTIFIER
[
A Filament Voltage 5 a-o0 volts
Filament Current 3 emp
Maximum A-C Voltage per Plate (RMS) 500 volts
S PRONG Maximum Inverse Peak Voltage 1400 volts
NED BRSE Maximum Peak Plate Current 800 ma
Maximum D=-C Output Current 250 ma
a Tube Voltage Drop (approximate) 15 volts
"*b_ (Independent of output ourrent)

Shielding of this tube, particularly in sensitive receivers, may be necess-
ary to eliminate objeotionable noise,

Radlo frequency chokes (1 mh, or more) connected in series with each plate
lead and placed within the shielding, i1f used, are usually necessary in re-
ceivers having high semsitivity,

Full plate load should not be applied to this tube until the filaments have
reached their normal operating temperature, Under normal operating condi-
tions, the filaments hcat quickly when the set 1s turned on and are ready
to supply full load current before the tubes in the receiver require 1it,

83
RAVERRGE OUTPUT CHRRACTERISTICS
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83V RAYTHEON 83V
TWIN DIODE
SR FULL %AVE HIGH VACUUI. RECTIFIER
‘_Y Heater Type Class Bulb D 6y
STI4 BULB ¥
. The 83-V isa full wave high vacuum type
Jerectifier tube havinga low voltage drop
§‘ designed for service 1In power supplies 0 0
3 | delivering high output currents. The ra- 0 0
o Sre| tings and characteristics are identical
@ ax—TIN | with those of type 5V4G. BOTTOM VIEW OF SOCKET
FULL WAVE RECTIFIER - CONDENSER OR CIIOKE INPUT FILTER
4 PPONG
MED. BRSE Heater Voltage 5 a=c volts
1 Iieater Current 2 amp
o ximum A-C “oltage per rlate (RiS) 4CO volts
laximum Inverse ieak Voltage 1100 volts
llaximum Peak Plate Current 700 ma
"aximum D-C Output Current 200 ma
AVERAGE TUBE VOLTAGE DROP 25 volts
(At 200 ma, output current per plate)
The cathode 1s connected within the tube to the center of
the heater.
RYERAGE OUTPUT CHARACTERISTICS 83v AVERAGE PLATE
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84-6Z4 RAYTHEON 84-6Z4

TWIN DIODE

r FULL WAVE HIGH VACUUl RECTIFIER (N
Heater Type Glass Bulb v
ST 12-0 88
N \
{ The 84/624 1s & full wave high vacuum (Z[P) x[9)
;“Q type rectifier tube designed for service
, gé\ in power supplies for storage battery
/3% ‘.; or a-c operated receivers, Q o
o O ©
BOTTOM YIEW OF SOCKET
SN, FULL WAVE RECTIFIER
Condenser or Choke Inrut Filter
»
UUUUU Yo Ileater Voltage (a-c or d c) 6.3 volts
11 Heater Current Cu5 amp
iiaximum A-C Voltage per Plate (RiS) 350 volts
iiaximum Inverse Feak Voltage 1000 volts
~aximum D-C Output Current 60 ma
liaximum D-C Voltage betwecn
Heater and Cathode 500 volts
HALF WAVE RECTIFIER (Plates in Parallel)
Condenser or Choke Input Filter
lieater Voltage 6.3 volts
Teater Current 0,5 amp
“aximam A-C Plate Voltage (R.S) 350 volts
l.aximum Inverse Peak Voltage 1000 volts
liaximum D-C Output Current 75 ma
liaximum D-C Voltage between
lieater and Cathode 500 volts
AVERAGE TUBE VOLTAGE DROP 22 volts
(At 75 ma, outout current per plate)
AVERAGE OUTPUT CHARACTERISTICS 84/624 AYERRGE PLRTE
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85 RAYTHEON 85

DUO~-DIODE TRIODE
DETECTOR AI:PLIFIER
lleater Type Glass Bulb

The 85 is a duo-diode triode type ampli-
. fier tube desirned for service assa com-
§ bined diode deteotor, AVC rectifier,and
xS audlo frequency amplifier in storage

)(Ef{ battery or a-c orerated receivers, The
00 | ratings and electrical characteristics
/a‘quf '\§ | are identical with those of the type BOTTOM VIEWOF SOCKET
Ayl 8VG.
o
6 PRONG
SMALL BASE| RATTIIGS
t"r‘ lleater Voltage (a-c or d-¢) 6.3 volts
I iieater Current 0.3 amp
~  ILaximum Plate Voltage 250 volts

DIRECT INTERELECTRODE CAPACITANCES - TRIODE SECTION

Grid to Plate 1.7 pf
Input 2,0 puf
Output 3.5 [T ¢
APLIFIER = CLASS A - TRIODE SECTIOW
Plate Voltage 135 180 250 volts
Grid Elas =10.5 -13,5 -20 volts
Amplification Faotor 8.3 C.3 8.3
Plate Resistance 11000 8500 7500 ohms
Transconductance 750 9175 1100 umhos
Plate Current 3.7 6 38 ma
Load-Resistance 25000 20000 20000 ohms
Power Output 75 160 350 mw

DIODE SECTION

The two diode units are independent of each other and of the triode section
except fcr the cormon cathode. The diodes may be used as a half wave or as
a full vave rectifier; or one diode maybe used as a half wave rectifier for
detection,and the other diode usedas a rectifier to obtain delayed AVC volt-
age,

The voltage between heater and oathode should be kept as low as possible
where tiey are not directly connected.

RYERRGE PLATE CHARACTERISTICS 85 RAVERAGE CHARARCTERISTICS
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89 RAYTHEON 89

2000
r PENTODE
TRIPLE GRID POWER ALPLIFIER
i'eater 1ype Glass Bulb
STizbans 1ne "9 1s a triple grid type power am=-
» plifier tubc designod for service as a
§ Class A triode,Class A pentode or Class
N o B triode power amplifier in the output
*§'> stage of storage battcry or a-c operat=-
g0 I § ed receivers,
’Mm‘f“
“,;)H RATINGS
Heater Voltage(a-c or d-¢)G.,3 volts BOTTOM VIEW OF SOCKET
6 PEONG lleater Current 0,4 amp
SMALL BRSE| ilaximum Plate Voltage 250 volts
ilaximum Screen Voltage 250 volts
t*b ALPLIFIER = CLASS A - TRIODE CON{ECTION
tob Grids #2 and #3 connected to plate
Plate Voltage 160 180 250 volts
Grid (#1) Blas -20 -22,5 -31 volts
Amplirication Factor 4.7 4.7 4.7
Plate Resistance 3300 3000 2600 ohms
Transconductance 1425 1550 1800 junhos
Plate Current 17 20 32 ma
Load Resictancest 7000 6500 5500 ohms
Power Output (5% sccond harmonic) 0.3 0.4 0.¢ watts

ALPLIFIER - CLASS A - PEITODE COILECTION
Grid #3 connected to cathode

Plate Voltage 100 135 130 25C volts
Screen (Grid #2) Voltage 100 135 180 200 volts
Grid (#1) DBilas -10 -13.5 -18 -25 volts
Anplification Factor 125 125 125 125

Plate Recistance 104000 92500 80000 70000 ohms
Transconductance 1200 1350 1550 1800 pmhos
Plate Current 9.5 14 20 32 ma
Screen Current 1.6 2.2 3.0 5.5 ma
Load Resictance 10700 9200 8000 6750 ohms
Total ilarvionics 9 9 9 9 percent
Power Output 0,33 0.75 1.5 3.4 watts

AUPLIFIER - CLASS B - TWO TUBES
Grid #1 connected to Grid #2
Grid #3 connected to plate

liaxipum Plato Voltage 250 volts
liaximum Peak Plate Current (per tube) 90 ma
iiaximum Average Grid (#1 and #2) Dissipation (per tube) 0,35 watts
Tynical Operation:
Plate Voltage 180 volts
Grid (#1 and #2) Bilas [ volts
0-Signal Plate Current (per tube) 3 ma
Load Resistance (plate to plate) 13600 9400 ohms
Power Output (approximate) 2,5 3.5 watts

The voltaze netween heater and cathode chould be kept as low as possible
where they are not directly connected.

#Approximately twice this value 13 recomnended when the tube 1s used as a
driver rfor a Class i ctage.

AVERAGE PLATE CHRRACTERISTICS 89 AVERAGE PLATE CHRRACTERISTICS
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950 RAYTHEON

PENTODE
POWER ALLIFIER
Filament Type Glass Bulb
ST14 8uLs
§: The ¢501s a pentode type power ampli-
& fler tube designed for service in the
Ng output stage of bhattery operated re-
/f.::z ¥ ceivers, The ratings and electrical
R characteristics are identical  with
Ng{ those of the type 1JGG.
A BOTTOM VIEW OF SOCKET
5 PEONG
MEQ BRSE RATINGS
S Fllament Voltage 2.0 d-c volts
ALY Filament Current 0,12 anp
liaximum Plate Voltage 135 volts
liaximum Soreen Voltage 135 volts
AUPLIFIZR - CLASS A
Plate Voltage 135 volts
Screen Voltage 135 volts
Grid Blas <16.,5 volts
Amplification Factor 100
Plate Reslistance 0,1 megohm
Transconductanoe 1000 wmhos
Plate Current 7 ma
Screen Current 2 ma
Load Resistance 13500 ohms
Power Output 450 mw
Maximum Signal Voltage (RMS) 11,7 volts
AVERAGE PLATE CHARACTERISTICS 950 AVERAGE CHARACTERISTICS
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RAYTHEON

TRIODE
DETECTOR OR AMPLIFIER
Filament Type Glass Bulb

The WD-11 and WD-12 are triode type am-
plifier tubes designed for saervice in
battery operated receivers, Their rat-
ings and electrical characteristica are
identical,

RATINGS
Filament Voltage l,1 d=o0 volts
Filament €Current 0.25 amp
Maximum Plate Voltage 135 volts

e

DIRECT INTERELECTRODE CAPACITANCES wi) ‘
Grid to Plate 3,3 uut 00 00

Input 2.5 uput

Output 2.5 uut  BOTTOMVIEWS OF SOCKETS

AMPLIFIER - CLASS A

Plate Voltage 20
Grid Blas -4.5
Amplification Factor 6,6
Plate Resistanoce 15500
Transconductance 425
Plate Current 2.5

DETECTOR - BIASED TYPE
90

Grid Bias (approximate) -10.5
Adjusted to 0.2 ma, with no signal

Plate Current

Plate Voltage
Grid

Grid Leak Resistanoce

Grid Condenser

DETECTOR -~ GRID LEAK TYPE

135 volts
-<10.5 volts
6,6

15000 ohms
440 pmhos
3 ma
135 volts
-18 volts

volts

46
Return to positive filament

0,25 to 5 megohms
0,00025

uf
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Vo9

X99 RAYTHEON X99
TRIODE
K‘T T DETECTOR OR AMPLIFIER o ‘J
Fil. T Gl Bulb
V-9 ament Type ass o 0
T8 BULA
H The V-99 and X-99 are triode type am-
“oa |\¥ plifier tubes designed for service in 9
"’iuu“,g;- battery operated receivers, Their rat- -9 0 o
ings and eleotrical characteristics are 0 o
identical.
<4 ARONG
FRALCN RATINGS
v U F1l1, Voltage 3.0 3,3 d=o volts @ <)
Fil. Current 0,060 0,063 amp 5 (65
Max, Plate Voltage 90 volts
A DIRECT INTERELECTRODE GAPACITANCES
=0 @
Grid to Plate 3.3 we (S &)
x-99 Input 2.5 uusf
o g Output 2.5 uus  BOTTOM VIEWS OF SOCKETS
../‘ = 3“
e AMPLIFIER - CLASS A
L)
Plate Voltage 90 volts
ey Grid Blas -4,5 volts
Amplification Factor 6,6
Plate Reslstance 15500 ohms
‘o Transconductanoce 425 wmhos
—1 1 Plate Current 2.5 ma
DETECTOR - BIASED TYPE
Plate Voltage S0 volts
Grid Bias (approximate) -10.5 volts
Plate Current Adjusted to 0.2 ma, with no signal
DETECTOR - GRID LEAK TYPE
Plate Voltage 45 volts
Gria Return to positive filament
Grid Leak Resistance 0,25 to 5 megohms
Grid Condenser 0,00025 uf
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BA RAYTHEON BA

TWIN DIODE
T GAS FILLED FULL VAVE RECTIFIZR

Cold Cathode Type Glass Sulb % @Q

S19 suLs The BA is a gas filled full wave
rectifier tube of the cold cath- Q o
ode type requiring nc heater sup- 0 o

ply voltage. It 1s designed par-

z,-;'::x 3 ticularly for service in B battery BOTTOM VIEW OF SOCKET
. ;i’ eliminators for radio receivers,

oy

:3‘ FULL "AVE RECTIFIER

»
Bovoner vaximur A-C Voltage per Plate (RiS) 350 volts
MEDIUM llaximum D-C Output Current 350 sia
ARSI Peaik Plate Current 1000 na

Inverse Peak Volta:e 1000 volts
:: Starting Peak Voltage 400 rolts
Dynamic Voltage Drop 80 vclts

BASE
UU -
oy
— 1

The type BA tuve was developed primarily for use in 2 battery elinrinators
for radio recelivers, It has the tyn»ical characteristics of 211 sas filled
rectifiers as rcgards a constant voltage drop and ability to handle hizh
peak currents, Any tendency of the tubc to generate r-f noise may be elin-
inated by proper shieldin:;; and filtering.

The BA 1s filled with a permanent gas rather than a vapor filling, The tube
characteristiocs are independent of the surrounding temperature,
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BH RAYTHEON BH

TWIN DIODE

GAS FILLED FULL WAVE RECTIFIER
Cold Cathode Type Glass fulb 90 Q’Q
Si14 BB
e The BH 1s a gas filled full wave rec-~
. tifier tube of the cold cathode type
//Ld, ::X b requiring no heater supply voltage.It 00 %
y g%‘ i1s designed particularly for service
R § in B battery eliminators for radio re- BOTTOM VIEW OF SOCKET
J—— ':,v celvers,
4 PRONG
MEDIUM
BRSE [
U U g FULL WAVE RECTIFIER
"o
—_— 1
Maximum A-C Voltage per Plate (RIIS) 350 volts
Maximum D-C Output Current 125 ma
Maximum Peak Plate Current 400 ma
Maximum Inverse Peak Voltage 1000 volts
Minimum Starting Peak Voltage 350 volts
Average Dynamic Voltage Drop 90 volts

The type BH tube was developed primarily for use in B battery eliminators
for radio receivers, It has the typical characteristics of all gas filled
rectifiers as regards a constant voltage drop and ability to handle high
peak ocurrents. Any tendency of the tube to generate r-f nolse may be elime
inated by proper shielding and filtering,

The BH 1s filled with a permanent gas rather than a vapor filling, The tube
characteristics are independent of the surrounding temperature,
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BR RAYTHEON BR

DIODE
<< | GAS FILLED HALF WAVE RECTIFIER
’_I Cold Cathode Type Glass Bulb 9‘.‘0
s/12 BuLB §
..x
on J|§  The BR 1s a gas filled half wave recti-
/3m l.,., fier tube of the cold cathode type re- Q 0
- quiring no heater supply voltage., It 1s 0 o
designed for service where it 1s desir-
P able to use a half-wave rectifier, BOTTOM VIEW OF SOCKET
MEDIUM
B8ASE
U U ;:n HALF WAVE RECTIFIER
Maximum A-C Plate Voltage (RMS) 300 volts
Maximum D-C Output Current 50 ma
Maximum Peak Plate Current 200 ma
Maximum Inverse Peak Voltage 850 volts
Minimum Starting Peak Voltage 300 volts
Average Dynamic Voltage Drop 60 volts

The type BR tube was developed primarily for use in vibrator type B supply
units for automobile receivers, It has the typlcal characteristics of all
gas filled rectifiers as regards a constant voltage drop and ability to
handle high peak currents, Any tendency of the tube to generate r-f noise
may be eliminated by proper filtering and shielding, The shielding and fil-
tering commonly used to eliminate vibrator noise will usually be sufficient,

The BR 1s filled with a permanent gas rather than a vapor filling. The tube
characteristics are independent of the surrounding temperature,
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NB1- NB8 RAYTHEON NB1-NB8

RESISTANCE TUBES

/‘\ FOR BATTERY OPERATED
x TWO VOLT TUBE RECEIVERS
79 BULB i Octal Base Glass Bulb
, o The series of resistance tubes, NB-1 to
- o] |x NB-8, 1s designed for two volt tube re=-
T celvers having filament current drains
2 of 300 to 720 milliamperes, in stepa of
B 60 milliamperes.
RATINGS Fi1 "
amen’
sm nype Current BOTTOM VIEW OF SOCKET
0CTAL BASE Drain
NB-1 300 ma
UW” By NB-2 360  ma L AYTHEOL] 4
NB-3 420 ma ) BRITERY
NB-4 480 ma mryet
NB-5 540 ma U U U U
NB-6 600 ma XKEY
NB-7 660 ma 2 23 5 7 8 I~
NB-8 1720 ma DEVELOPED YIEW OF BASE

The NB tubes have one common tap; one short circuiting tap, for use with a
2 volt storage battery; one resistor tap, for use with an air cell; and one
ballast resistor tap, for use with a 3 volt dry cell pack. The curve on the
accompanying sheet shows the typical relation between filament voltage and
applied voltage, using the tap for dry cell pack.

The resistors in the NB tubes are operated in air,in a sealed container and
the moderate ballasting action obtained when the tap for dry cell pack is
used is due only to the change of resistance with temperature of the wire
used, These resistors operate at a relatively low temperature and their re-
sistance characteristics are permanent if the rated nominal current is not
exceeded, so that the NB tube should not need replacement because of change
in characteristics during life.

The NB tubes are stamped with locating arrows marked "Storage Battery","Air
Cell" and "Dry Pack" on the base of the tube, as shown in Fig, 1, If a ref-
erence mark is placed on the chassis mid-way between pins #l1 and #8 and the
socket wired, as shown in Fig, 2, a special socket with three keyways or a
special socket with the keyway drilled out may be used to connect the bat-
tery to the proper tap. In either of the above cases the arrow correspond-
ing to the type of battery used should be lined up with the reference mark,
A terminal strip may also be provided for conneoting the filament battery.

to the proper tap of the NB tube, In the latter case, the tube 1is left
fixed and the filament battery is wired to the proper point on the terminal
strip. TYPE OF BATTERY PLACE LOCATING
KEY IN
2 volt storage Position A
Air Cell Position B

o 3 volt Dry Cell Pack Position C

BATTERY
o—

FIG.2
BOTTOM OF SPECIRL SOCKET

70 FILAMENTS

POSITION A

TYPICAL BALLASTING CHRRACTERISTIC CURYVE
NB RESISTANCE TUBE
3VOLT DRY CELL CONNECTION
25
24 //
('V
28 4““/’ 5
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RAYTHEON

RESISTAIICE TUBE
FOR A-C - D-C RECEIVERS
lletal Bulb Octal Base

The X49C-B 1s a resistance tube design-
ed for use as a voltage dropping resis=
tor in the filament circuit of a-o -d-c
receivers, A ballast resistor tap pro-
vides voltage for one or two 6,3 volt

pilot lamps. BOTTOM VIEW OF SOCKET
RATINGS CONNECT PILOT LAMPS
BETWEEN PINS 7876

Voltage Drop at 300 ma, 49 volts

Supplics correct filament voltage to:
3= 6,3 volt 300 ma, tubes and
2- 25 volt 300 ma, tubes In series
Pilot Lamp Voltage at 300 ma:

2- 6.3 volt 150 ma, lamps 1in scries 10 volts
1l- 6,3 volt 200 ma, laip 6,6 volts
1- 6.3 volt 250 ma, lamp 4,8 volta

When the pilot lamp voltage in an a-¢ - d-c receiver 1s taken from a tap on
the filament voltage dropping resistor, which usually has no ballasting
action, the peak voltage anplied to the pilot lamps at the instant the line
switch 1s closed may be several times the rated voltage of the lamps, due
to the high initial current dravn by the tubes in the set, In order to
1limit this peak voltage to a reasonable value, the resistance of the pilot
lamp sectlon of a stralght resistance tube must be considerably lower than
that required to operate the lamps at their rated voltage with the tubes
hot. Thus, with a straight resistance tube, the 1ife of the pilot lamps 1is
shortened by the high peak voltage and the final brilliancy is reduced by
the low operating voltage.

In the K49C-B the pilot lamp section 1s a ballast resistor which changes
from a low value of resistance with the tube cold to several times its ini-
tial value as the tube heats, This limits the peak voltage applied to the
pilot lamps to a value within their voltage rating, and operates the lamps
at a higher voltage than with a straight resistance tube, increasing the
life and final brilliancy of the lamps, The ballasting action also makes
1t possible to use several different tyves of pilot lamps with satisfactory
results, The cliaracteristlc curves show the relation between pilot
lamp voltage and tlme for a typical K4vyC-B tube and a typlcal straight re-
sistance tube with similar ratings,

The resistors in the K49C-B are operated 1in air and the ballasting action
obtained In the part shunted across the pilot lamps 1s due to the heat of
the total winding., The resistors operate at relatively low temperature and
their resistance characteristics are permanent if the normal rated current
18 not exceeded,

Resistance tubes with other ratings may also be made, There 1s considerable
power available for ballasting action so that the total voltage drop may
be changed to fit other tube combinations requiring either more or less
voltage drop.

k49C-8
RESISTANCE TUBE
CHRRACTERISTIC CURVE
LORD=TWD 25 B THREE 6.3V-300MRA TUBES
PILOT LAMPS = TWO 6.3Y~/50MRA IN SERIES
LINE VOLTRGE =TV STERDY CURRENT=300MR.

w.
20 o—-
\ n1v  (xkesC ok x49C-8)
° (2)-25¥TUBES
(3)-63YTUBES
6 (2) 6.8v-150 MA.
\ PILOT LAMPS

14

»

5

()
12 ?
08 N\ K49C-8

b {et
A § P——

Q K29Cc”

H
4 ~

~
V]

I
2

60,
o Q‘}
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	TYPICRL HñLF WRYE RECTIFIER CIRCUIT

	TYPICAL FULL WAVE RECTIFIER CIRCUIT

	TYPICAL VOLTAGE DOUBLER CIRCUIT

	TYPICAL TUhED R-F AMPLIFIER AUD DETECTOR CIRCUIT

	TYPICAL RESISTANCE COUPLED R-F AMPLIFIER CIRCUITS

	TRIODE

	PENTODE

	TYPICtìL PUSH-PULL POWER AMPLIFIER-CLfíSS PB2

	Twin TRI OPE PHASE Hi VERT ER
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	TYPICPL FREQUENCY CONVERTER CIRCUIT USING SEPPRPTE OSCILLATOR

	MO LU ME EXPfHWER CIRCUIT
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